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Abstract 
 
Author: Dr Chris Pratt 

 

Title: Practices and attitudes of mountain bikers towards the use of protective equipment. 

 

Background: Unfortunately, mountain biking is associated with significant injury-related 

costs. There is evidence to support the use of helmets, with full face helmets being more 

effective. Eyewear is also proven to be protective. 

 

Aim: The primary aims were to assess the attitudes of mountain bikers to the use of 

protective equipment, and to quantify the rates of use of protective equipment in this group. 

 

Methods: A prospective cohort study was conducted. An online questionnaire assessed use of 

different types of equipment, and the rider’s attitudes towards these. The responses for each 

rider were evaluated under various theme domains and correlated with their reported 

equipment use under 4 categories: Full face helmet, eyewear, other equipment and overall 

total.  

 

Results: 263 questionnaires were completed. 55% had experienced an injury requiring a week 

off work. 41% had ongoing symptoms from a previous injury. Equipment use during racing 

and non-racing was similar. Standard helmets were used more than full face. 36.9% used 

eyewear most of the time. Glove use was high at 89%, and knee pads at 74%. Elbow pads are 

used infrequently with 61% never using them, and body armour use was very low (never 

used by 87.8%). Perceptions of benefits, barriers and potential injury severity proved to be 

most well correlated with equipment use. 

 

Conclusion and Key Points: Use of full face helmets was relatively low; eyewear was also 

only moderate. The current study confirms that at least in this group of riders, time off work 

and morbidity from injuries is high and use of full face helmets and eyewear could be 

increased. Interventions to increase use should focus on the benefits of protective equipment 

and possible severity of injuries, in order to be most effective.  

 
  



	 III	

Acknowledgements: 
 
I would like to acknowledge my supervisor, Dr Mark Fulcher, for his help and guidance with 

this over the last 2 years.  

 

Also from the University of Auckland, Arier Chi Lun Lee for her assistance with the 

statistical analysis of the data. 

 

The support from the mountain biking community was wonderful, and surpassed my 

expectations. 

 

Finally, and most importantly, my wife and family, who have supported me throughout this 

with the most valuable gift of time. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



	 IV	

 

Table of contents: 
 

1. LITERATURE REVIEW 

1.1 Introduction 

1.2 Introduction to mountain biking and the enduro race format 

1.2.1 Mountain biking as a sport 

1.2.2 Enduro format racing 

1.3 Injuries in mountain bike racing 

1.3.1 Methods 

1.3.2 Results 

1.3.3 Discussion 

1.4 Protective equipment in mountain biking and other sports 

1.4.1 Helmets 

1.4.2 Eyewear 

1.4.3 Other types of equipment 

1.5 Attitudes to protective equipment in sports 

1.5.1 Models 

1.5.2 Psychological factors around use of protective 

equipment in sport 

1.6 Injury prevention theory 

1.6.1 Models 

1.6.2 Implications for mountain biking 

1.7 Summary 

1.8 References 

 

2 ORIGINAL RESEARCH 

2.1 Introduction 

 2.1.1 Injury and injury prevention in New Zealand 

 2.1.2 Research context 

 2.1.3 The position of the researcher 

 2.1.4 Aims 

2.2 Methods 



	 V	

 2.2.1 Research design 

 2.2.2 Setting 

 2.2.3 Participants 

 2.2.4 Data collection 

 2.2.5 Data analysis and interpretation 

 2.2.6 Ethical considerations 

2.3 Results 

 2.3.1 Participation rates 

 2.3.2 Participant characteristics 

 2.3.3 Practices with protective equipment 

 2.3.4 Attitudes to protective equipment 

 2.3.5 Analysis of correlations 

2.4 Discussion 

 2.4.1 Study findings and comparisons 

 2.4.2 Strengths and limitations 

 2.4.3 Conclusions and recommendations for injury prevention program 

development 

Appendices 

I. Research Proposal 

II. Email to Race Directors 

III. Race Director Information Sheet 

IV. Race Director Consent Form 

V. Participant Information Sheet 

VI. Participant Consent Form 

 

 

2 ARTICLE PREPARED FOR PUBLICATION 

 

3 PRESENTATION FOR CONFERENCE 

 

4 SUMMARY OF RESULTS FOR PARTICIPANTS 

 



	 1	

 
 
 
 
 

Part 1: Literature Review 
	

	

	

	

	

	

	

Injuries and the use of protective equipment in mountain 
bikers. 

 
 

Dr Christopher Francis Pratt 
  



	 2	

Contents: 
 

1 LITERATURE REVIEW 

1.1 Introduction 

1.2 Introduction to mountain biking and the enduro race format 

1.2.1 Mountain biking as a sport 

1.2.2 Enduro format racing 

1.3 Injuries in mountain bike racing 

1.3.1 Methods 

1.3.2 Results 

1.3.3 Discussion 

1.4 Protective equipment in mountain biking and other sports 

1.4.1 Helmets 

1.4.2 Eyewear 

1.4.3 Other types of equipment 

1.5 Attitudes to protective equipment in sports 

1.5.1 Models 

1.5.2 Psychological factors around use of protective equipment in sport 

1.6 Injury prevention theory 

1.6.1 Models 

1.6.2 Implications for mountain biking 

1.7 Summary 

1.8 References 

 

  



	 3	

1.1 Introduction 

 

The aim of this literature review is to introduce the topics relevant to the of original research 

outlined in section two of this research portfolio titled, “Practices and Attitudes of Enduro 

Mountain Bikers to Protective Equipment”. In order to do this, it will investigate existing 

data relating to mountain biking injuries, and the attitudes towards the use of protective 

equipment of various studied sporting populations. It will also summarise injury prevention 

models used in sports. 

 

Mountain biking will be introduced, through its development from a recreation to a 

competitive sport alongside the advances in technology that have reshaped the way people 

ride and therefore the likely injury patterns. A brief overview and comparison of the types of 

racing will be provided, focusing on the relatively new ‘enduro’ format. The different types 

of protective equipment used by riders will also be discussed. 

 

The data relating to the attitudes of riders towards use of protective equipment will then be 

summarised. The current theories relating to the psychology behind the decision-making 

processes will be reviewed. There will be a focus on helmet (and other protective equipment) 

use as this has been researched previously and provides an obvious comparison for this study. 

 

Various injury prevention strategies will be reviewed, starting with the types of prevention 

(i.e. primary, secondary, tertiary), analogous to other public health interventions. A narrative 

review of the evidence for injury prevention in other sports will be provided with a focus on 

the evidence for injury prevention in mountain bikers. Road cycling will also be discussed 

alongside ‘other’ sports, as the injury causes and patterns are generally related to impacts of 

other road vehicles, producing different patterns. 
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1.2 Introduction to mountain biking and the enduro race format 

 

1.2.1 Mountain biking as a sport 

 

Mountain bikes were first conceived in the 1970s, By the late 1970s and early 1980s, road 

bike manufacturers had started constructing bikes primarily for off-road use (1). People 

started racing mountain bikes almost immediately, although in the 1980s this was primarily 

done on fire roads and across farmland. With advances in technology, particularly relating to 

suspension and braking, the capacity for the bikes to be ridden on more challenging terrain 

progressed. Many technologies were developed in moto-cross, as new materials allowed 

components to be made lighter and stronger, before being applied to mountain biking.  

 

Mountain bikes have been progressively sub-specialised, analogous to other sports equipment 

such as snow skis. There are many different styles and race formats that drive this (1). The 

distinction between cross-country riding and downhill riding is a useful comparison which 

highlights the differences between the various mountain biking disciplines. In cross-country 

riding, riders usually complete several laps of the same course many times over, for up to a 

few hours. In this discipline, the weight of the bike on the uphill leg is a major concern, while 

the technical level of the course is not as demanding on the bike. Often these bikes will have 

less suspension (around 80-120mm of front suspension travel and often no rear suspension), 

with carbon fibre the main material. The aerobic (cardiovascular) fitness of the athlete plays a 

large role. Riders will usually wear a lightweight, basic helmet with no other protective 

equipment, as the risk of falling is small, and not worth the weight penalty. At the other end 

of the spectrum is downhill racing. This discipline involves short (often around five minutes), 

single run sprints down a steep, technical course with many jumps. The bike’s weight is still 

an issue, but durability is much more important with a technical failure essentially ending the 

competitor’s race. Often these bikes will have more significant suspension (150-170mm of 

suspension travel, front and rear) and a more robust overall construction. The rider’s 

technical skill and anaerobic strength generally play a larger role. Often these specialised 

bikes are much heavier, and can be difficult to ride uphill at all. The riders wear full-face 

helmets, and most mid-level competitors will also wear kneepads, body armour and neck 

braces, with race organisers often mandating minimum use. In between these two extremes is 

‘trail riding’. This encompasses most riding done by the average recreational rider. This 

would typically involve 2-4 hours on intermediate technical level trails, and often has a large 
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social component. There are also an almost infinite number of combinations of routes, 

locations and environmental conditions that makes it inherently difficult to categorise races 

and riders into a particular type for comparison in studies. 

 

As a sport, participation rates are hard to confirm but in New Zealand (NZ) between the years 

2013 and 2014, cycling (road and mountain biking) was rated as the third most participated 

sport for men and the fourth most popular for women, with over 800,000 participants (2). 

Two and a half percent of men entered a cycling event (fifth highest type of event), whilst 

1.5% of women did (third highest type) (2). Overall 292,000 New Zealanders are estimated to 

partake in mountain biking (3).  

 

Cross-country racing is the most common discipline. This is largely because it is very 

accessible and has a large grass roots community. While the majority of participants ride 

socially there is the ability to compete at a recreational or elite level up to and including 

world cup races (with an Olympic debut in Atlanta 1996). Downhill racing is less well 

subscribed, probably due to the technical nature of the courses as well as the potential danger 

associated with this discipline. As with cross-country racing, at the elite level of downhill 

racing there is a world cup circuit. There are also several events with competition in various 

disciplines. Crankworx is recognised as one of the largest of these, with events in downhill, 

enduro and several other formats. In 2017 the tour had four stops around the world with the 

Rotorua event attracting 35,826 spectators and 705 professional athletes (4). The equivalent 

North American stop in Whistler had 312,636 spectators and 1,125 professional athletes. 

 

The cost of a typical mountain bike starts at $500-1,000 for a simple front suspension alloy 

model, with recreational riders often spending $5,000-10,000 on a carbon full suspension trail 

bike (5). Professionals’ bikes may be well over $10,000. 

 

1.2.2 Enduro format racing 

 

‘Enduro’ format mountain bike racing evolved in France, with the first official race in 2003 

(6). The impetus behind the development of this discipline was a desire to have races that 

reflected the ‘everyday’ rider’s style of trail riding. This would typically involve going out 

with friends for an afternoon ride, chatting on the uphill ride, then racing each other on the 

downhills. As such the style is defined by multiple stages, alternating uphill and downhill, 
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with untimed ascents (although a generous maximum cut-off is often applied, usually 30-60 

minutes) followed by a timed downhill stage (usually of an intermediate to advanced 

technical level lasting 10-30 minutes). This type of race is generally repeated to involve 

around 4-6 different downhill stages in a day. Most races are single day events, but can 

sometimes extend over several days. As such the single most important factor for this type of 

event are the rider’s downhill technical skills. Aerobic fitness is also important and must still 

be moderate to high, to allow 4-6 hours in the saddle. 

 

Enduro riding is a well marketed style, appealing to the keen recreational rider with good 

skills but lacking the time or inclination to put in the many hours of cardiovascular training 

for cross country, or the high skills and risk associated with downhill racing. As a result, the 

riders participating in these events are generally less well prepared and may be less skilled. 

As a result, they are possibly at an increased risk of injury. These participants are often also 

typically older, which may also increase the risk of injury. This group often have more 

money to spend on bikes. As a result, over the last five years most of the major bike brands 

have therefore focused their attention on developing bikes suitable for this style. Indeed, there 

is a whole sub-culture associated with the format who are targeted with ‘enduro-specific’ 

gear and fashion (7). Part of the ethos of enduro is however a ‘ride what you brought’ attitude 

and style, and being seen to be trying ‘too hard’, is frowned upon within the community. This 

may prove to be a potential barrier to the implementation of injury prevention strategies using 

protective equipment. 

 

The reason for selecting enduro format riders for this study was made for two main reasons. 

Firstly, it is thought that riders participating in this format could reasonably represent the 

everyday riding of a large proportion of people who consider themselves mountain bike 

riders. These recreational riders would otherwise be difficult to recruit or target with any sort 

of study. Secondly this is a racing format that mandates basic helmet use, but usually allows, 

and puts pressure, on the individual riders to make the decision around the protective 

equipment versus weight trade off. As a result, the attitudes that precipitate behaviour are 

able to be assessed. 
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1.3 Injuries in mountain bike racing 

 

The scope of the problem is large. Participation rates in mountain biking are high, and injury 

numbers are increasing much faster than in road cycling. In 2010 there were 19,864 cycling 

injuries of which 3,015 were mountain biking injuries. By 2014 injuries that occurred while 

cycling had increased slightly to 21,627 but mountain biking injuries had more than doubled 

to 6,072 (8). In 2016, total cost of mountain biking injuries was $14.8m, with soft tissue 

injuries alone costing $5.8m. 

 

In order to develop any injury prevention program, the risk factors for the injury or injuries 

must be identified. This narrative review of the literature will summarise the published 

evidence relating to mountain bikers. 

 

1.3.1 Methods 

 

A ‘PICO’ (Population, Intervention/Exposure, Comparison, Outcome) approach was used to 

identify search terms. Key terms identified that were related to the target population were 

‘mountain bikers’, ‘racers’ and ‘riders. Terms used to identify intervention and exposure 

were “endurance’, ‘race’, ‘multiday’ and ‘staged’. The comparison was ‘risk factors’ and the 

outcome terms were ‘illness’, ‘injury’, ‘pathology’, ‘disease’, ‘medical assistance’ and 

‘withdrawal’. Searches were performed using various combinations and Boolean functions, 

for example “(cycling* OR bik*)”. 

 

To be included studies had to have been published in English on a human population. Any 

study relating to the incidence of injury in mountain bike riding was included. Studies in 

other languages were excluded. 

 

This search was completed using a number of medical databases. These included PubMed, 

Medline, Scopus and Google Scholar. 

 

1.3.2 Results 

 

The results of the search outlined above are displayed in figure 1. 
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In PubMed, using “mountain bik* AND endur* AND injur* AND medical” returned three 

results. After reviewing these abstracts only two were relevant. In Medline, the same search 

returned only two results. (these were identical to those found using PubMed). A search using 

the same terms in Scopus returned four results (one of the two from PubMed; and two new 

ones with the fourth being a duplicate). When the search terms “bik* AND multiday* AND 

injur* AND medical AND risk” a further relevant article was identified.  

 

In Google Scholar, the same search (“mountain bik* AND endur* AND injur* AND 

medical”) returned 6230 results. This was narrowed to 5770 results by adding “AND risk”. 

The abstracts of these papers were reviewed. Full text articles were obtained and reviewed for 

30 articles that appeared relevant. Fifteen were determined to be relevant. Of these, four 

articles had already been identified - but 11 were only from Google Scholar. 

 

Following the literature review a total of fifteen relevant articles were identified for inclusion. 

											 	

	

 Figure	1	(above):	Literature	search	results	



	 9	

1.3.3 Discussion 

 

Reviewing the papers that were identified during the search, several authors have assessed 

and discussed the risk factors that might lead to injury or illness during mountain bike racing 

(9–23). Some of these only looked specifically at incidents necessitating withdrawal 

(9,11,13,15,19,20,22). There are several that look at injury patterns across a cohort of racers, 

and some that look at an individual type of injury. Overall, the risks can be grouped into 

those related to the rider, the environment, or the race characteristics, mirroring the pattern of 

intrinsic and extrinsic factors described above. One of the available studies discusses the 

similarity in injury profile in a staged mountain bike race to adventure racing (9). Three of 

the studies identified discuss adventure races (two of these races included mountain biking 

stages) have therefore been included (10–12). 

 

Ten papers were found that evaluate rider factors, although four are by the same lead author. 

There are only two unique datasets presented in these papers as (one is a review), leaving 

seven primary studies (six quantitative, one qualitative). The key details of each study are 

listed in table 1. 
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Summary of each of the individual papers 

 

Kronisch, 1996 

The earliest study (19) primarily reports on patterns of injury, and is limited by low numbers 

of injuries (only 16, from 3624 riders). This rate may have been very low as the study 

population was elite and pro riders. These 16 injuries were also spread across five different 

disciplines, and the patterns of injury appeared different within each discipline. Therefore, 

while the authors report on trends, it is difficult to confidently extrapolate their results. 

 

Kronisch, Pfeiffer, Chow et al, 2002 

The second and third studies were written by the same lead author. One of these (14) was 

original research which explored injury patterns and rates, focusing on gender differences. 

Again, several disciplines were studied and analysed separately. The numbers involved were 

larger (over 20,000 racers and 93 presentations to the medical services) and some reached 

statistical significance. The study’s authors do acknowledge that not everyone presents for 

medical attention, so that the results may underestimate the true injury rates (likely relevant 

to most of these studies). Another potential issue is that the styles of courses across the 

disciplines changed over the 7 years the data was collected, as did conditions. It is possible 

that certain courses and conditions might have predisposed males or females to relatively 

more or less risk (e.g. it might be expected that heavier men might more easily control a bike 

in wet weather or over bigger obstacles).  

 

Kronisch and Pfeiffer, 2002 

The third paper by Kronisch is essentially a narrative review (17), and although the topics are 

varied and mostly well referenced, there is no indication of how the papers were selected. 

 

Chow, 2002 

A further paper seeks to identify reasons and mechanism of a fall, and to link this with the 

severity of injury (22). They found that the most dangerous mechanism for injury was an 

“over-the-bars” type, particularly for head and neck injuries. The numbers included appear 

reasonable (n=97) and they report on the statistical significance of correlations. The 

description of mechanism relied on patient reporting, possibly suffering from recall bias or 

inaccuracy.  
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Schneider, 2007 

Only one qualitative study was identified in the review (12). As such it can establish reasons, 

but not prevalence or similar data. Ten professional athletes were hand-chosen by the author 

to participate. Therefore, results are likely most applicable to that group, although can be 

extrapolated to others. Within the limits of a phenomenological study, it appears well 

conducted with details of the process followed and reasoning. It defines five general themes 

that impact on risk taking in adventure sports participants:  

• risk socialisation (e.g. exposed to risks through family activities from young age);  

• the space of risk (e.g. unfamiliar settings might enhance fear);  

• mediators of risk (e.g. following another team member along a risky path); 

• negotiating/coping with risk (e.g. employ mental strategies); 

• sensations (e.g. feelings of nervousness). 

 

Anglem, 2008 

This study uses self-reported illness and injury as an outcome, but discuss this obvious 

limitation (10). They argue that it is the perception that is most important, and also that their 

method avoids dogma associated with difficult field diagnoses. The number or participants 

was large enough to reach statistical significance. They found that 100 hours of adventure 

racing produced significant injuries, illnesses, and mood state disruptions, which persisted for 

up to two weeks. 

 

Carmont, 2008 

This paper was a narrative review, and appeared to be well referenced, with good 

descriptions of the search methods used and documents included (21). Most of the author’s 

concluding recommendations regarding injury prevention seem to have a good practical basis 

for the injury being prevalent but there is a lack of evidence to support them. The review has 

identified few references for the effectiveness of the equipment he advises for prevention. 

 

Newsham-West, 2010 

This study of adventure racers has pre-race, race, and post-race components to it and uses a 

combination of questionnaires (recall of injuries) and contemporary collection of injury data 

(11). Numbers completing the race were low, and none of their correlations appear to reach 

statistical significance. As a result, the utility of the study’s findings is very limited. 
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Boeke, 2010 

This retrospective study had a relatively large number of participants (n=419), but was based 

on assessments made by many different individuals (13). Methods, including of statistical 

analysis, were well described. They conclude that females and older males are more likely to 

require transport for their injuries, majority of injuries are head and upper extremities, 

dehydration is linked to heat index, and incidents were usually the result of rider factors. 

 

Sabeti-Aschraf, 2010 

This study correlated prevalence of overuse injuries with poor bike setup (18). Some 

associations were calculated based on absolute measurements; however, others were based on 

whether the examiners felt it was “inadequate”. Indeed, they discuss that the incidence of 

knee pain in tall cyclists could not be explained by their data: This might indicate that their 

models or assumptions were wrong. 

 

Lareau, 2011 

This study involved a comparison of injury rates between cross country and endurance races. 

The paper suffers from poor data collection methods, with much demographic data missing 

(20). The total number of riders included was relatively high (n=448), but the injury rates 

were low, reducing power. However, the patterns were ultimately similar. 

 

McGrath, 2012 

McGrath et al’s paper describes methods well, and provides clear results (9). As with many 

of the other studies that were identified the main issue is low numbers (n=34), but the stated 

goal was primarily to describe incidence and patterns. Their 7-stage race showed similar 

injury rates and patterns to other studies of wilderness activities and mountain biking, with 

primarily minor skin, soft tissue and orthopaedic injuries, but illness accounting for most 

withdrawals. 

 

Taylor, 2013 

Taylor et al provide a large study, with nearly 15000 riders and 500 injuries (24). Their data 

collection method was sound. Simple analysis of major risk factors also was good. The injury 

rate was 4.03% but only 0.25% of riders required hospital referral. Minor injuries to 

extremities predominated. 
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Carmont, 2013 

In 2013, Carmont provides a further narrative review of the literature for a textbook chapter 

(16). The contributing papers are listed in a table as the “Current literature on mountain 

biking”, however there is no description of the search process. Following the review, some 

expert opinion is integrated without specific evidence referenced, but overall it is a fairly 

comprehensive review. 

 

Sedgwick, 2015 

The most recently published paper is another narrative review of the literature, culminating in 

the authors’ recommendations (23). It provides many references, but offers very little critical 

assessment of the studies they have included and that informed their recommendations. 

 

Intrinsic risk factors for injury and illness 

 

Non-modifiable risk factors included being female (13–15) or an ‘older’ (defined specifically 

as over 60) male (13). The reason for the increased rate of injuries seen in women is unclear, 

and all three of these authors acknowledge that. It has been suggested that either they crash 

more, or are more likely to be injured in a crash (e.g. due to lower muscle mass) but this has 

not been evaluated. It was observed that older men were more likely to be transported to 

hospital during a longer distance race (ref), and it is suggested this was due to age-related 

deconditioning predisposing to environmental factors. 

 

Skill and experience may also be modifiable risk factors, with slower racers on adventure 

races (which include mountain bike stages) having reduced rest periods, increasing risk (10). 

In events that only involved mountain biking, faster speed is also associated with increased 

risk (14,16,19). This appears contradictory but probably represents a bell-shaped distribution 

of risk, with the best riders having lower risk of falling but more chance of injury if they do. 

In contrast, the less skilled riders are more likely to fall but less likely to have the speed and 

therefore energy to cause significant injury. This would be consistent with results from 

another four studies, two of which showed increased an increased risk of injury with lower 

experience levels (16,19), while the other two showed elite riders, at the other end of the skill 

spectrum, to be high risk (18,20). Loss of control and rider error is associated with injury 

(13).  
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Fatigue has been suggested to contribute to an increased risk of injury (16), as have alcohol 

and drug intoxication (17). More intense exercise has been associated with reduced immune 

response and therefore Newsham-West et al suggest this as a factor in illness with adventure 

racing (11). Pre-race illness was also reported as a risk factor for illness (not injury), although 

in their study it did not meet statistical significance (11). 

 

One qualitative paper was found that discussed the reasons adventure racers take risk (12). 

The authors state that the sport attracts sensation seekers who relish the challenge, and accept 

the risks involved. It is proposed that the group or ‘race mentality’ seen in this sport may 

normalise these risks, leading to a relative increase in risk level accepted. This study showed 

that racers generally trust the organisers to moderate the risk. A higher level of experience, 

and being sleep deprived, both contributed to increased risk taking. 

 

Extrinsic risk factors for injury and illness 

 

Some factors related to rider equipment were identified as being related to injury risk in 

mountain bike riding. Body armour, clip-in pedals, full suspension bikes and helmets have 

been shown to be protective (16,17). Conversely mechanical failure (particularly tyres) 

(16,17) and errors of bike setup (18) have been shown to contribute to acute injury. It has also 

been suggested that bike setup errors could be a risk for overuse injuries (18). 

 

Five groups discussed environmental factors’ contributions to the injury or illness risk. It 

appears that environmental factors, such as temperature, can have an impact on a rider’s risk 

of injury. The epidemiology of injury and illness during a seven-stage race in Trans-Sylvania 

has been reported (9). This paper found that 65% of all presentations were injuries with the 

remaining 35% being due to illness. Of the four withdrawals from the race however, three 

were for illness. It was felt that these proportions were similar to multi-day adventure racing. 

Boeke et al retrospectively analysed injuries on a multi-day recreational tour over five years 

and found an increased ambient temperature to be associated with dehydration presentations 

(13). Taylor et al reviewed eight years of data and also found increased temperature to 

increase the risk of all injuries (15). Climate and geography are discussed by Newsham-West 

et al as a risk, and comment that these are very difficult variables to control for given the 

variety of races (11). A number of injuries have been attributed to trail surface (13). This is 
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mentioned as a risk factor by Carmont in his review, although his statement is not directly 

referenced (21). 

 

Eight papers discuss the specific features of races that may influence the risks. An “over the 

bars” mechanism of injury to be more dangerous than an “off to the side” type (19). Turning, 

night riding, encountering new terrain, and road crossings have all been proposed as high risk 

activities (16) but again there is limited data to support this. Rider-rider interactions 

(collisions) are an established cause of injury (13). Downhill riding is associated with an 

increased risk of injury (22) while races with predominantly uphill sections are correlated 

with a reduced risk (20). Lareau et al compared cross country racing to endurance, two 

disciplines with predominantly flat terrain, and found no difference in the number of injuries 

despite different time lengths spent racing (20). They speculate that the increased rate of 

injury expected with longer time riding (due to an increased exposure) may be offset by the 

increased intensity and race tactics involved in the shorter races. One review suggested that 

riding with more skilled riders, or races involving a mix of skill levels, might increase risk of 

injury (17). No evidence was presented to support this position however. When Taylor et al 

analysed their data from eight years of a twenty-four-hour race, they speculated that 

congestion and rider time might be factors, but that their data did not allow this to be assessed 

(15).  

 

Specific injuries 

 

Some authors have investigated the risks (and aetiology) associated with a number of specific 

injuries. Carmont provides a summary of these (16).  

 

A case series led to the suggestion that that ‘bar ends’, as shown in image 1 (25), may cause 

liver trauma after noting that mountain biking injury was the largest cause of liver 

haematoma in a single trauma centre (26). This study observed that all injuries involved 

straight, uncovered bars and therefore recommended a change to curved, foam covered. 

Following a media campaign, the industry effectively phased straight bars out, and liver 

injuries reduced from 8 in 2 years, to 1 in 3 years. This example loosely followed the van 

Mechelen approach (27). 
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Saddle fit has been associated with genital trauma. Long periods in the saddle can lead to 

perineal numbness, and unilateral vulval hypertrophy in women (16). In addition, male 

mountain bikers have a 96% incidence of pathological findings on ultrasound (on 

asymptomatic screening), compared with 16% of controls. These findings included scrotal 

calculi, epididymal cysts, epididymal and testicular calcifications, hydroceles and 

varicoceles. As such, he suggests that padded shorts and optimised saddle position might 

limit these. 

 

There is a single case report of a rider suffering a Lisfranc fracture. Although one might 

assume this was the result of failed toe-clip release, pain was reportedly the result of forced 

plantar flexion when trying to put his foot down (16). Regarding toe-clips and clipless pedals, 

Carmont suggests that failure to remove the foot in time can result in toppling over, 

potentially resulting in significant trauma. This claim is not directly referenced, although he 

suggests that direct hip trauma can result in fractured acetabulum or neck-of-femur (both of 

which are referenced). 

 

Following a review of 12 years of spinal injuries, education has been suggested as a method 

to reduce these (28), but does not appear to have been actioned clinically.  

 

Sedgwick, in discussing medical clearance for adventure and endurance races, identifies 

several specific risk factors for exercise-associated hyponatraemia (23). A key factor relevant 

to mountain bikers might be the covering of skin with clothing or protective equipment, 

limiting the ability to sweat and regulate hydration status. This would also be relevant for 

modulating the risk of heat illnesses, although this is not discussed in the paper. 

 

Image	1	(left):	Example	of	curved	
unpadded	bar	ends	(25).	
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Limitations of the literature 

 

Overall, most of the studies identified in this review were retrospective cohorts, or small 

prospective studies. This introduces the possibility of error, as the retrospective nature can 

lead to selection and information bias. The small numbers included in each study also further 

increase the potential for error. Unfortunately the two studies with the largest number of 

participants were retrospective analyses (13,21). Few studies gave statistical significance for 

their risk factors.  

 

Another potential weakness associated with the literature that has been identified related to 

the age of the publication. The first paper identified was published in 1996, but most were 

published around 2010. This is an important consideration as bike and equipment technology 

is advancing rapidly, allowing riders to do more and to ride on different courses than 

previously. The literature that has been identified likely does not relate to the environment 

that most riders are currently participating in. For example, many riders now wear protective 

equipment that was not available when most of these papers were published. 

 

Several authors suggest future larger studies to validate their results (9,19,20,22). A good 

example of this relates to the impact of rider skill and experience level. These factors are 

frequently mentioned as influencing injury risk but need more study to identify whether there 

is a true association (15). Other factors that were felt to be significant include race factors, 

such as congestion, and rider factors (such as time-to-finish). These have not been formally 

assessed (15). Pre-race preparation and sleep deprivation has been shown to impact adventure 

racing, but not specifically mountain biking (10).  

 

This review has also suggested that there are several risk factors that might lead to an 

increased risk of developing a significant medical illness. These are related to the nature of 

the race and the environment it takes place in, rather than the bike equipment involved. This 

helps to justify the extrapolation of adventure racing research to staged mountain bike races. 

 

In summary, a number of risk factors have been identified that may influence the risk of 

developing or sustaining an injury or illness while participating in a staged mountain bike 

race. Some of these, such as the temperature on the day of a race, may be difficult to control, 
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although historical records may help race organisers to plan suitable times of the year for a 

given location. 
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1.4 Protective Equipment in mountain biking and other sports 

 

The range of protective equipment available and marketed to mountain bikers is vast. There 

is however limited data regarding its use and effectiveness. There are some sports, that may 

share similarities in the injury mechanisms to mountain biking, for whom protective 

equipment’s effectiveness has been assessed. Only three articles were identified that offered 

any insight into the use of protective equipment in mountain bikers (29–31).  

 

Romanow found that of 409 injured mountain bikers presenting to an emergency department, 

23% of those injured at a terrain park were wearing protective equipment, whilst only 11% of 

controls (mountain bikers injured outside of a terrain park) were (29). This shows that riders 

using a terrain park are more than twice as likely to use protective equipment as those riding 

elsewhere. This paper had a case-control design, comparing those injured in and out of a 

terrain park. Participants were drawn from another study’s larger pool of patients presenting 

to a specific emergency department. They acknowledge that some injured riders may have 

attended a different hospital, and that recall bias of the rider (when reporting equipment use) 

might be a problem. They do however provide good details regarding their statistical 

analysis. 

 

An email based survey (conducted in 2012) involving 249 downhill riders found that the use 

of protective equipment was quite high in this population. The vast majority of riders (96%) 

wore full-face helmets, 89% wore gloves and 88% knee protectors (30). Glasses were used 

by 86%, protective jackets by 64% and shin guards by 56%. In their discussion, they state 

that use of protective equipment should “be encouraged”, but do not appear to assess the 

relative risk of injury without use. The study was prospective and had good numbers that 

were recruited from several sources. Their results are detailed and clear. The main issue was 

again potential recall bias by the riders. 

 

Aitken et al prospectively assessed the practices of mountain bikers in Scotland presenting to 

five facilities (31). Of the 173 injured bikers, all bar one wore a helmet. Open helmets were 

used by 84%, full face by 14% (the remainder in a “skater” style helmet). Of those injured 

whose helmets shattered, 68% reported no head injury. The use of lower limb body armour 

(reported by 13.6% of riders) was associated with fewer lower limb-wounding injuries, 

although upper limb armour offered no statistically significant effect. The prospective design 
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is a clear advantage of this study. Injured riders were recruited at presentation, and followed 

up within two weeks for data collection. There were some possible limitations in terms of 

riders presenting to other centres, but their response rate to follow up was very good at 83%. 

The results are well reported and an appropriate statistical analysis was provided. As a result, 

it provides the best evidence to support the premise that protective equipment is effective in 

mountain bikers. 

 

1.4.1 Helmets 

 

As a bare minimum, most riders will wear a helmet, but even these come in different styles 

offering different levels of protection. The choice likely is made based on personal 

preference, although different sub-cultures often prefer a type that suits the demands of their 

riding. Essentially, they all have a dome covering the head, some extending down further at 

the back to offer more protection to the occiput. The most significant variation is standard 

(skull only protection) versus full face (with chin guard). These helmets can be seen in image 

2 (32).  

 

 

Image 2 (above). There are two main types of helmet. The standard helmet is shown on 
the left and the full-face on the right. The model shown is the Bell Super 3R, a new style 
that is convertible between the two, and is popular amongst enduro riders.  
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Other helmet options include visors, cheek/ear protection, and ability to link to a neck brace. 

More recently the technology inside the shell has been advanced, with development of 

systems such as MIPS (Multi-directional Impact Protection System), with the expressed aim 

to reduce the rotational forces associated with diffuse axonal injuries. This description is 

given on their website (33). However, their research and development section currently does 

not list any peer-reviewed publications to support its clinical effectiveness in preventing 

injuries.  

 

In general cycling there is a significant amount of work published on the effectiveness of 

standard helmets (34). The use of a helmet is associated with a dramatic reduction in the 

incidence of head and brain injuries. A systematic review published in the Cochrane library 

in 1999 concluded that wearing a helmet is associated with a reduction in injury risk of 

between 63 to 88% for all head, brain and severe brain injury. This reduction was seen for all 

ages. The magnitude of this risk reduction is equal in crashes involving motor vehicles and 

all other causes (34).  

 

It is suggested that full-face helmets may offer more protection than standard helmets (31). 

The use of a full-face helmet may reduce the likelihood of sustaining facial injuries, however 

the evidence for this is lacking. A study published in 1999 in Austria showed that mountain 

bikers were much more likely to sustain a more significant facial trauma that other cyclists, 

with 55% suffering fractures compared to 34.5% (35). In addition, 15.2% of those mountain 

biking fractures were Le Fort category ones, thereby implying higher energy trauma and 

morbidity. The authors recommended that helmets with faceguards (full-face) were needed 

and that incentives for their use would reduce the incidence of facial injuries. Expert opinion 

also appears to support this recommendation (16). A review in 2012 across all sports 

mirrored the recommendation of protective equipment for facial and eye injuries, but 

highlighted a lack of easily accessible information for participants to base their decisions on, 

particularly in individual sports (36).  

 

The benefits associated with a full-face helmet have been more clearly defined in other 

sports. In ice hockey the risk of sustaining a facial injury was 2.31 times higher in athletes 

that used half face helmets compared to full face (37). In motocross, a sport that has many 

similarities to mountain bike riding, full face helmets were better at protecting against facial 

injuries (38). 
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1.4.2 Eyewear 

 

Eyewear may be used to enhance vision in bright conditions or to improve acuity, but does 

also offer protection against trail objects (such as branches) and mud, dust and other material 

that can be thrown up from the bike or agitated by the wind. Riders may wear sunglasses or 

goggles. No studies could be found that confirmed a reduction in the risk of injury while 

mountain biking. Eye protection has however been documented to reduce ocular injuries in 

both the work and sport setting, with a recommendation by the Committee on Sports 

Medicine and fitness in 2004 concluding that properly fitting eyewear reduced injuries by at 

least 90% (39–41). As early as 1991, goggles were shown to provide a higher level of 

protection than a visor or glasses (42). 

 

1.4.3 Other types of equipment 

 

A range of other equipment is also used by mountain bike riders. Many riders will use gloves, 

both for simple protection against friction or improved grip, and for abrasion protection in the 

event of a fall. Gloves also provide some protection against the elements. Kneepads and 

elbow pads are also relatively common, and can be soft material or rigid (usually made of 

hard plastic). Some are now made from high-tech non-Newtonian fluid such as proprietary 

D30 (43), which is soft and malleable at rest but in an impact instantly becomes solid, which 

has the benefit of being both comfortable as a soft option but more protective than a simple 

solid item. Other protection includes padding of the shoulder, hip, torso and spine. These are 

usually made from similar materials to the knee and elbow pads. 

 

Evidence for their effectiveness of these other protective devices in mountain biking could 

not be found. The only exception was a paper which assessed the effectiveness of leg 

pads/protectors to prevent injuries to the lower limb (31): They confirmed a significantly 

reduced incidence of injury (p=0.04), although do not calculate a ‘number needed to treat’ 

(NNT) or risk ratio. Again, expert opinion is in favour of most of this equipment. The use of 

padded gloves, shorts and shin protection have all been suggested (16).  

 

The effectiveness of these ‘other’ devices has been studied in other sports. Some of these 

sports might have similar injury characteristics to mountain biking (in terms of individuals 

impacting stationary objects). For example a study conducted in in-line skating found 
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reduced risk of injury if protective equipment (including one or more of helmets, wrist, knee 

and elbow protection) was worn (44). The authors also noted that prior injury was not 

correlated with subsequent use of protection. Equipment use has also been shown to be 

effective in snowboarding: In this sport wrist guards have also been shown to reduce wrist 

injuries with a NNT of 50 (45). There is evidence relating to the effectiveness of protective 

clothing while motorcycling.  This is relevant as the protection worn while riding a 

motorcycle is very similar to that for mountain biking (in fact a lot of equipment used by 

mountain bikers is or was developed for motocross). A cross sectional study conducted in 

motocross found that jackets, pants, gloves, body armour, and boots (compared to standard 

footwear) conveyed significant protection (46). A review of 1500 accidents sustained (in a 

group of 15,870 athletes) in motocross competition concluded that injury risk was reduced by 

use of protective equipment (38). This review also highlighted four main requirements that 

the equipment must meet. There were: 

 

• the protection of ‘vital parts’ on impact;  

• protection against stones and dirt thrown up;  

• good transpiration and ventilation; 

• minimum weight and encumbrance.  

 

These attributes will clearly apply just as readily to mountain biking equipment. 
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1.5 Attitudes	to	protective	equipment	in	sports	
 

The psychosocial factors surrounding injury prevention in sport have been looked at by a 

number of authors. A systematic review in 2017 found 6 studies that used interventions to 

improve psychological or cognitive skills (47).  

 

The most commonly investigated single piece of equipment is a cycle helmet. Three major 

models have been described to help assess and interpret the factors that contribute to cycle 

helmet use in particular. These are the Health Belief Model (HBM), the Theory of Planned 

Behaviour (TPB) and the Locus of Control (LC).  

 

  1.5.1 Behavioural models 

 

Health Belief Model (HBM) 

This was developed by Rosenstock between 1966 and 1974 following work in the 1950s into 

predicting such healthcare outcomes as vaccine uptake (48,49). It looks at 5 major areas that 

contribute to an individual’s decision to change a behaviour. These are  

• perceived susceptibility;  

• perceived severity;  

• health motivation;  

• perceived benefits; 

• perceived barriers. 

As such the two major aspects that it uses are perceptions of illness threat, and evaluation of 

countermeasures.  

 

Theory of Planned Behaviour (TPB) 

This was developed by Ajzen in 1985 and is one of the most well-used psychological models 

for predicting behaviour (50). It attributes behavioural intention to 4 areas. These are:  

• Instrumental attitude (e.g. beneficial, clever, good) 

• Emotional attitude (e.g. feel embarrassed, ridiculous or ashamed) 

• Subjective norm (e.g. important people’s opinion, most people would not approve) 

• Behavioural control (e.g. I can decide for myself). 
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Therefore, it assesses intention to engage in a behaviour, and perceptions of control over the 

behaviour. 

 

Locus of Control (LC) 

This was developed in the 1970s by Wallston et al, based on work by Rotter over the 

previous decade (48,51). In an LC model, the two factors that are considered are ‘externality’ 

(e.g. accidents depend on other people, my own behaviour doesn’t matter) and ‘internality’ 

(e.g. accident risk depends on me, I can reduce my own risk). It is based on the assumption 

that the likelihood of performing a behaviour is a product of the individual’s expectation that 

a particular behaviour has a particular result, and secondly the value of that result to the 

individual. 

 

Comparison of models 

There is clearly some overlap between these three models, although there are some key 

differences: For example, TPB does not directly address emotional variables, but it is the 

only one to include social norms (52). Therefore applying this example to mountain biking, 

the influence of peers might be attributed value by TPB but not the other models, and this 

particular influence has been demonstrated to be important in other sports (53–55). 

 

In 2002 Lajunen et al compared these three major psychosocial models to assess whether 

they could be used to promote bicycle helmet use in teenagers (48). They used a 

questionnaire with responses from each of the above three models, on 965 students. Their 

responses regarding beliefs were correlated against the student’s intention to not wear a 

helmet. Robust confirmatory fit index (CFI) analyses and compares recorded data with the 

hypothesised model, and was performed on each. They found a good fit for TPB and LC 

(CFI=0.93 and 0.96 respectively; over 0.90 is considered good and over 0.95 very good (56)), 

but less so for HBM (CFI=0.85). Therefore, they concluded that TPB and LC gave a good 

framework for predicting responses in this setting. They ultimately used their research to 

provide some recommendations to increase helmet use. The main recommendation was to 

attempt to remove barriers for uptake. 

 

In 2010 a systematic review of the effectiveness of the HBM in predicting behaviour was 

performed (57). To assess effectiveness, it therefore only looked at longitudinal studies 

(rather than cross sectional studies). The authors found 18 papers that met their inclusion and 
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exclusion criteria. These were all in the health field, such as drug taking, screening programs 

and vaccine uptake. When they estimated the effect sizes of each variable to predict 

behaviour across the studies, they found that the benefits, barriers and severity factors were 

the strongest predictors of uptake, with benefits and barriers being even stronger when there 

was a negative health outcome. Interestingly perceived susceptibility had almost no effect. 

The relationship of factors to outcomes were in the directions anticipated (e.g. benefits 

increased uptake while barriers decreased it). 

 

1.5.2 Psychological factors around use of protective equipment in sport 

 

A number of studies have looked at the factors behind the individual’s decision to use or not 

use protective equipment in sporting situations, although none were found in mountain biking 

(58,53,59,60).  

 

A study involving equestrian sports found that having a positive or negative attitude towards 

safety products has a marked influence on their use. It also showed that the protective 

behaviour of other owners and riders at the stables had a strong influence on an individuals 

used of protective equipment (53). 

 

In 2001 research in Australia looked at the use of protective headgear in under 15-year-old 

rugby union players (58). They found the major reported reason to use this type of equipment 

was safety, and that receiving an injury would provide motivation to wear it. The main reason 

for not using it was discomfort. The same research group also assessed the attitudes of 

Australian Rules footballers to protective equipment (59). They found 73.6% used 

mouthguards but only 2.1% used headgear. The authors then specifically assessed attitude to 

headgear (59). They found that the major motivation to wear it was injury prevention, and 

80% would wear it, if they knew that it prevented injury. Many users found it uncomfortable 

and didn’t like it, and the perceived risk of injury was low to moderate compared to other 

sports. Overall uptake was again low, with only 8.6% using headgear in the second cohort. 

 

In snow sports, helmet use has been shown to be predicted by age and sex (children and men 

are more likely to use them), higher level of experience, a past major crash, having received 

lessons from an instructor and location of activity (i.e. more likely to use on more difficult 

trails) (54). A study looking specifically at wrist guard use in snowboarders, however, found 
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no correlation between use and gender, previous wrist injury or experience (61). In this study, 

the most common reasons for non-use were discomfort and fear of more significant injuries. 

About three quarters of all participants (76%) said that they would wear wrist guards if there 

was strong evidence that they prevented injury. 

 

A small focus group study of adolescents regarding ski or snowboard helmet use found 

delivering a positive image of helmet use and peer acceptance to be the most important 

factors influencing use (55). Although a small group, this is a similar finding to a study in 

equestrian sport regarding use of equipment by peers (53). This suggests that using role 

models or ‘champions’ within a particular peer group to encourage equipment use might be 

an effective injury prevention intervention. 

 

In cycling, a 2010 study by Ross used a HBM (Health Belief Model) to examine attitudes and 

practices of 337 college undergraduates towards bicycle helmet use (60). They developed a 

questionnaire with 57 items and from their results devised 10 subscales that accounted for 

52% of the variance associated with helmet use. Their scales and results are shown in table 2. 

This study therefore showed that their questionnaire assessed factors accounted for more than 

half the variation in use. Given that previous studies have shown that the other models 

provided a better fit in helmet use in students (48), it is reasonable to assume that the 

different models might provide value in different situations. Therefore, a combination of the 

models might be a valid method of assessing various aspects of a decision. 

 

Table 2: Health Belief Model subscales developed to assess attitudes towards bicycle helmets, 

listed by relative importance of correlation to helmet use (60). 

High Correlation Moderate/Low Correlation Minimal/No Correlation 

Friends and family Safety benefits Perceived severity of harm 

Emotional benefits  Perceived danger of cycling Cost barriers 

Perceived exemption from 

harm  

Media Parent rules in childhood 

Personal vanity and discomfort 

barriers  
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These studies around sports equipment are therefore mostly in keeping with the overall 

conclusions of the systematic review across all health interventions, that the benefits and 

barriers related to equipment use are the most important factors (57). However, the relative 

importance may be dependent on the individual population (e.g. age and/or gender), the 

location the activity is performed in and the specific sport or injury concerned, explaining the 

apparently conflicting evidence around areas such as comfort. 

 

It should also be noted that risk compensation has been used as an argument against the 

unmeasured use of protective equipment. The argument is essentially that the individual may 

feel less vulnerable while wearing their equipment, and as such takes higher risks. This could 

theoretically result in more and worse injuries than without any equipment. This effect has 

been demonstrated, but seems to be sport and situation dependent: This has been described in 

association with the use of helmets in American Football, but the evidence for this in other 

sports where helmets are used (for example in road cyclists) is less clear. (62). 

 

The reason for an individual’s use of various pieces of protective gear is obviously the 

subject of this research, but it is worth acknowledging that the factors around choice are 

many and may vary for the individual rider even within a single ride. For example, many 

riders might ride uphill with just a helmet and gloves on, before putting on kneepads and any 

other items for the downhill segment, when the perception of risk is higher. As such asking a 

binary question about equipment use is not practical. 
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1.6 Injury Prevention Theory 

 

1.6.1 Models 

 

In 1992 van Mechelen published a landmark paper on the prevention of sports injuries, 

describing the ‘sequence of prevention’ (27). This paper identified four stages that were 

needed to be able to implement (and evaluate) a successful injury prevention program. These 

are summarised in figure 2.  

 

 
 

Firstly, the extent of the problem must be defined. Following this the risk factors for injury 

and the injury mechanisms must be identified (stage 2).  Once this has been done the third 

step involves the development of a programme designed to reduce the future injury risk or 

injury severity. The final phase involves the evaluation of the effectiveness of the 

intervention. This model has since been expanded by many authors, to include consideration 

of efficacy, efficiency, compliance and risk-taking behaviour (63). A recent systematic 

review highlighted the important of assessing compliance. Studies that account for 

compliance have clearly demonstrated the impact that this has on the outcomes of injury 

prevention programmes and studies (47). 

 

The van Mechelen approach has been applied to various injuries, for example injuries to the 

anterior cruciate ligament (ACL). When considering the risk factors for this injury it is 

important to consider ‘internal’ (intrinsic) and ‘external’ (extrinsic) risk factors. Internal 

factors include age, gender, body composition, health, physical fitness, anatomy and skill 

Figure	2	(left):	Extract	
from	van	Mechelen’s	
landmark	1992	paper	(27)		
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level (64). The athlete is also exposed to ‘external’ (extrinsic) risk factors, such as human 

factors, protective equipment, sports equipment and the environment, that lead to a 

susceptible athlete. An inciting event, such as playing situation, player behaviour, or specific 

biomechanical situation causes the injury. Within these factors there are therefore modifiable 

risks, such as physical fitness, which can be targeted for intervention, and non-modifiable, 

such as gender, that can be used to target the intervention to a high-risk group. A recent 

review found that most injury prevention strategies require a behavioural change by the 

individual (55% of the 155 included studies) (47). 

 

In sports, the most widely used injury prevention strategies involve the correction of 

biomechanical factors, proper warm ups, stretching, taping and bracing, the use of protective 

equipment, appropriate sporting equipment, an appropriate surface and appropriate training. 

The exact methods used depends on the individual sport and situation. 

 

Injury prevention can also be categorised as being primary, secondary or tertiary (65). 

Primary prevention (or true prevention) aims to prevent injuries from taking place. Secondary 

prevention intends to reduce disability following an injury with timely and effective 

treatment. Tertiary prevention is the prevention of a further similar injury in an athlete who 

has already suffered one. 

 

An injury prevention strategy should first identify and ideally quantify the risk factors, and 

remove them if possible. An example of removing a risk is the recent change of rules in 

rugby union, where high tackles were deemed dangerous and would therefore be punished 

within the game and after, with the aim of strongly discouraging them (66). If the risk cannot 

be removed, it should ideally be reduced either in frequency or severity. An example of this 

is the use of helmets in many sporting codes. A recent review of sports related concussion 

confirmed the effectiveness of helmets in preventing concussion in skiing and snowboarding 

(sports that are in ways similar in injury mechanisms to mountain biking) (67). Mitigating 

risk might involve the development of player welfare schemes. Following these interventions, 

any remaining risk should be communicated to the participants, stakeholders and interested 

parties. Finally, following any changes, the injury burden should be reassessed to measure 

any effect. 
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During the course of this literature review no data has been identified that has shown a clear 

injury prevention strategy to be of benefit in mountain biking. It is known that injury 

prevention in sport is possible. A recent systematic review found 155 studies looking at the 

effectiveness of sports injury prevention strategies (68). Most of these strategies (55%) 

focused on strategies requiring a change from the athlete, such as improving physical fitness, 

psychological/cognitive skills, or risk awareness. These may be less relevant to mountain 

bike riding where the majority of injuries result from falls and other trauma, rather than from 

fatigue or overuse. Other initiatives involved changes to a sports rules/regulations, 

equipment, or environment. These may be more relevant, or easily implemented, in 

mountain-bike riding. For example, a rule change mandating helmets, or other protective 

equipment, is likely to result in less injuries. 

 

Most of the studies came from well-financed, large-scale participation sports such as soccer, 

rugby, American football, basketball and ice hockey. One of the challenges for mountain 

biking is that much of the riding is done in an informal or unregulated setting. As a result, 

there is often limited resourcing for research as well. The unregulated nature of the sport also 

makes conducting research difficult. 

 

1.6.2 Implications for mountain biking 

 

As outlined there are no published studies on effective injury prevention strategies in 

mountain bikers. However, based on the results of the above literature review, increasing use 

of protective equipment would be expected to reduce injury prevalence. Examples are found 

in other sports. A specific example of an effective rule change that could relate to mountain 

biking is in women’s lacrosse. Protective eyewear was mandated in this sport in 2003. At this 

time, there was a high rate of facial and eye injuries. Mandating the use of eyewear was 

shown to reduce the injury rate to eyes from 0.10 per 1000 hours exposure, to 0.016 (40). 

This is a very large impact, and emphasises the potential for this type of intervention. 

Another example is the use of wrist guards in snowboarding. The number needed to treat 

(NNT) to prevent a wrist fracture by using this type of device is reported at 50 (45). Given 

the cost of a wrist guard is very low, and the cost of a wrist fracture is high, this is likely to be 

a cost-effective intervention. This might suggest that mandating the use of certain equipment 

in mountain bike races might also be cost-effective. Similarly helmet use is also likely just as 
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effective in mountain biking as in mainstream (or road) cycling (34), and any races that still 

do not require their use should be strongly encouraged. 

 

The environment in which a rider participates (course selection) is likely to be an important 

consideration when assessing injury risk. Fitting the course to the skills and variety of 

experience of the expected racers may reduce relative risks. Giving the riders the opportunity 

to view or ride the course beforehand may allow them to view technical sections before the 

race might be a useful strategy. Similarly, choosing daily race lengths that allow sufficient 

recovery periods, and setting courses that naturally reduce congestion and therefore the risk 

of collision, could also help. Educating competitors about the specific risks of the course, 

while not often referenced, should be completed and is probably expected when trust is 

placed in the organisers.  

 

An individual's risk may also be reduced by riding slower, having sufficient training for the 

race, avoiding intoxication and ensuring their bike is set up and serviced properly. In terms of 

medical coverage at events, in addition to these considerations, the number of competitors, 

predominant age and sex characteristics could also contribute to the choice of service 

provision. Course geography and access, and proximity to additional services may also be an 

influence, and would potentially impact on the severity of a given illness or injury which 

occurred at a difficult location. 

 

Although a lot of effort is put in to remove or reduce risks to those competing, it is important 

to acknowledge that some inherent risk is expected in this sport, and that is one of the factors 

that makes it attractive to the athletes. 
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1.7 Summary 

 

The key finding from this review are that there is very little published data relating to injuries 

sustained by mountain bikers. There are really only a handful of articles published. From the 

data that is available it appears that injuries are common, and can be severe. Even minor soft 

tissue injuries can have a significant impact: Because they are so common they result in a 

large total financial cost. 

 

Little is known about the effectiveness of protective equipment in mountain biking, although 

there is some evidence to support the use of lower limb armour and body. Expert opinion 

recommends use of helmets with facial protection, padded shorts, gloves and skin protection 

to prevent injuries. Both helmets and eye protection are known to prevent injuries in other 

settings, and likely do in mountain biking. 

 

Little is known about the attitudes to equipment use in mountain biking. Attitudes have been 

studied in other sports with the results having been used to provide a basis for injury 

prevention intervention. Therefore, investigating attitudes to equipment use in mountain 

bikers would be expected to provide similar valuable information. 

 

The next section of this research portfolio will build on this and introduce the original 

research that is the focus. The goals and aims of this research will be to firstly document the 

prevalence of use of various types of equipment, and secondly to investigate attitudes of 

riders towards the various types. Ultimately it is hoped this will form the basis of an injury 

prevention program for the sport. 
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2.1 Introduction 

  

2.1.1 Injury and injury prevention in New Zealand 

 

Physical activity is generally considered to be on the decline with the population becoming 

increasingly sedentary. This is a problem, as increased levels of physical activity is linked to 

reduced mortality and better health (1,2). Initiatives are needed to make people more active, 

with support being needed from governments and healthcare professionals to reduce the rates 

of chronic diseases such as heart disease (3). Cycling is a particularly good method for 

initiating activity, as it can be commenced at low to moderate intensity and is easier on the 

joints, as it is non-weight bearing. A report prepared for the New Zealand Ministry of 

Tourism found that mountain biking participation in the USA was growing by 10% per 

annum (4). Mountain bikes had the largest single specialty bike market share, at 29%. The 

Sport New Zealand report “Future of Sport in New Zealand” identifies mountain biking and 

mountain bike parks as a key growth area for the 2015 to 2030 period (5). Unfortunately, one 

of the barriers to activity may be the perceived risk of injury. 

 

Injury rates in NZ related to cycling appear to be increasing, although it is difficult to tell if 

this is a true increase in rate, or just a reflection of increased activity rates at the same 

incidence per hour, or lower claim threshold (6). Accident Compensation Corporation (ACC) 

statistics show an increase from 17,096 new claims in 2005 to 29,818 in 2014 (74% 

increase), with claim costs up from $20.4 million to $55.2 million (6). Twenty percent of 

these claims are from mountain biking (with the remaining 80% from “cycling” and “cycling 

involving a motor vehicle”). A further assessment of the mountain biking injuries across this 

period show that the most common age group for injury by volume is 35-39 years, with 

injuries to shoulder and back/spine. By cost, it is 40-44 year olds with injuries to knees and 

neck/back of spine/vertebrae that contribute most. Annually, 292,000 (8.8%) of New 

Zealanders participate in mountain biking with 89,000 aged 25-39 years and 119,000 aged 

40-54 years (7). Therefore, the injury rates are likely reflective of underlying participation 

rates. 

 

Given that injury rates appear to be increasing, efforts to prevent injury are receiving 

increased attention, both from the general public and within the healthcare professions (8). 

Indeed, recent conferences in sports medicine in NZ and Australia have included topics on 
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injury prevention: For example, the ACSP (Australasian College of Sports Physicians, now 

renamed Australasian College of Sport and Exercise Physicians, or ACSEP) Conference in 

Gold Coast 2017 included a whole stream entitled “School Sports and Injury Prevention – 

What’s the “Breaking” News”. The ACSEP lists injury prevention as one of the first topics in 

the curriculum for their trainees (9). 

 

 2.1.2 Research context 

 

There is very little scientific evidence for injury prevention strategies within the sport of 

mountain biking. The incidence of injury in mountain bike racing and other specific 

disciplines has been documented (10–13). Unfortunately, these figures represent a small part 

of the mountain biking population and the overall rates are uncertain. 

 

The original research described in this portfolio is based on a previous study assessing the 

attitudes of college students towards helmet use when commuting (14). Although the physical 

risks faced by the two groups are somewhat different (mountain bike crashes rarely involve 

motor vehicles), it was felt that this would provide a good basis to start from, given that the 

psychological factors contributing to the risk taking might be similar. The use of a similar 

study design should also allow a direct comparison between the attitudes of mountain bikers 

with this group of college students.  

  

 2.2.1 The position of the researcher 

 

As the lead researcher, I am a medically qualified clinician, working in Sport and Exercise 

medicine. As such I am largely involved in treating injuries, but prevention of further injuries 

is a part of my work. I also believe that I have a wider responsibility to be involved in injury 

prevention at a public health level.  

 

I am involved in mountain biking, and have raced from my early teenage years. 

Unfortunately, I have sustained several injuries during this time that have led to time away 

from the sport. Many of my friends and family are also keen mountain bikers. Recently I had 

a significant head injury (although not sustained mountain biking). This occurred around the 

same time that I became a father for the first time. It was impossible to foresee the change in 
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my attitude towards personal safety that fatherhood made, brought sharply into focus by a 

potentially life changing injury.  

 

My involvement in mountain-biking (both as a doctor and participant) as well as my 

experience with injury were the major influence in my choice of research project. These 

factors have also influenced the application of the research question and questionnaire 

development. 

 

  2.1.4 Aims 

 

The research questions were developed to allow a quantitative assessment of the usage rates 

of protective equipment within the study population, and then to help to understand the 

reasons behind the decisions. The ultimate hope is that with this information, an intervention 

to increase uptake of the available technology can be developed. It is hoped that this might 

make mountain bike riding safer and enhance the user experience. 

 

Primary aim 

To document the use of protective equipment among mountain bike racers, to determine the 

attitudes of mountain bikers towards use of protective equipment, and identify the reasons for 

their choices to use or not to use this equipment. 

 

Secondary aim 

Compare the attitudes of mountain bike riders towards protective equipment use to that of 

students and helmet use. 

 

Hypothesis 

Mountain bike riders will have a low uptake of protective equipment despite high levels of 

injuries. Their attitudes towards protective equipment will determine their choice whether to 

use it or not. 
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2.2 Methods 

 

 2.2.1 Research design 

 

This study is a prospective cross-sectional cohort questionnaire study. As discussed earlier 

the questionnaire used in this study has been adapted from one based on a Health Belief 

Model (HBM), applied to helmet use in student cyclists (14). When reviewing previous 

studies and the psychosocial models of risk taking and injury prevention, it became clear that 

including questions from other models such as TPB (Theory of Planned Behaviour) and LC 

(Locus of Control) would be of value. These questions were therefore integrated into the 

questionnaire, to be analysed by the same method as the previously validated ones. 

 

 

 2.2.2 Setting 

 

 

The research setting was the 2016/2017 summer racing season in the enduro format 

competition style. This ran between November 2016 and May 2017. Races were held in 

multiple sites around New Zealand. This style of riding was chosen because it is thought to 

be most representative of recreational trail riding.  

 

 

 2.2.3 Participants 

 

Inclusion criteria 

 

All riders entered into one of the NZ Enduro Crown qualifying races were eligible to enter 

the study. 

 

Eighteen individual races were identified that met the studies inclusion criteria. These were 

organised by 9 race directors over 12 different stand-alone races and series, as shown in table 

1. The total number of participants in these races was estimated to be between 1500 to 2000 

competitors. The races and organisations that were identified are shown in table 1. 
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Table 1: Eligible races and related organisations 

Organisation Individual races 

Hawkes Bay Mountain 

Bike Club 

Doug Wisor mini Enduro 

440 Mountain Bike Park 440 Gravity Enduro 

Bike Otago* Dunedin Enduro Series #2 and #3; Emerson’s 3 Peaks Enduro 

Nelson Mountain Bike 

Club 

Santa Cruz Super D #3, #4 and #5; Mammoth Enduro; Top 

Gun Enduro; 5th Annual Dodzy Memorial Enduro 

Gravity Canterbury Gravity Canterbury Enduro Series #2 and #3 

2W Gravity Enduro Giant 2W Gravity Enduro #2, #3, and #4 

Trans NZ Yeti Trans NZ Enduro 

NZ Enduro NZ Enduro 

*The Dunedin Enduro Series and Emerson’s 3 Peaks had different directors, contacted 

separately 

 

 

Exclusion criteria 

 

No riders were excluded. 

 

Subject recruitment 

 

Individual race directors were approached and were invited to participate in the study, and 

complete consent forms. The race directors were asked to email their entrants, inviting them 

to participate. This invitation included the participant information sheet and participant 

consent forms, with a brief introduction. These documents are attached in appendices II to 

VI. Potential participants were given contact details for the researchers to request any further 

details they required. They were then directed to an electronic web link to the questionnaire 

(Appendix VII). The questionnaire commenced with a repeat of the consent form, to which 

the participant electronically confirmed their consent.  
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 2.2.4 Data collection 

 

The questionnaire was administered through the third party proprietary website, 

www.surveymonkey.com. It was expected to take the respondents between 10 and 15 

minutes to complete. This was felt to be a reasonable compromise between volume of data 

collection and likely compliance from respondents. The data was extracted directly from the 

questionnaires into an Excel spreadsheet (Microsoft Excel for Mac, Version 15.38, Microsoft 

2017). 

 

 2.2.5 Data analysis and interpretation 

 

Data analysis involved two major components. These were:  

• quantifying the equipment use, 

• an assessment of the attitudes of the riders. 

 

The quantification of use was performed using simple descriptive statistics from the 

spreadsheet. This involved calculating simple arithmetic mean, median or mode to 

characterise the cohort’s use of the various types of equipment when racing, and when not 

racing. 

 

The assessment of attitudes was completed using SPSS (IBM SPSS Statistics, Version 

24.0.0.1, IBM 2016). Spearman’s rho test was used to assess for correlation between each 

input variable and outcome target, the calculation of these variables is described further 

below.  

 

The list of variables is shown in table 2. 

 

For the assessment of attitudes, data from the spreadsheet was manipulated into a format 

suitable for import into SPSS. The input variables were derived from Likert scales within the 

questionnaire. The Likert scales were either “Do not agree/Slightly agree/Somewhat 

agree/Mostly agree/Completely agree” or “Yes/Maybe/No” format. Likert scale results were 

converted into numerical values, confirming the positive or negative direction of the scale 
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(and reversing as appropriate). “Yes/Maybe/No” answers were converted into numerical 

values “1,0.5,0”. An example of the Likert scale and conversion is shown below, with an 

extract of results from table 3. 

 

Table 2: input and outcome variables 

INPUT VARIABLE 

SCALES 

OUTCOME/ TARGET 

VARIABLE SCALES 

Age Helmet Use 

Rider Skill & Experience Eyewear 

Personal Experience* Other Equipment 

Harm* Overall Total 

Danger*  

Severity*  

Benefits*  

Comfort*  

Costs*  

Cues*  

Media*  

*Score from psychometric part of questionnaire 

 

Table 3: Example of question with Likert scale and conversion 

Domain Question Do not 

agree 

Slightly 

Agree 

Somewhat 

agree 

Mostly 

agree 

Completely 

agree 

  Likert Scale value 

Harm I do not go fast enough to 

need protection in a crash 

0 1 2 3 4 

Harm I feel that protective gear 

is unnecessary for short 

rides  

4 3 2 1 0 

Note: The first row is a positive scale while the second is negative: A participant who is 

presumed more likely to wear protective equipment will score to the right on the first question, 

but to the left on the second. 
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Following this, a scale within each domain was created by simple summation of the Likert 

values. The scales varied therefore, for example for Severity, from 0 to 16, to 0 to 44 for 

Benefits. An example response to the Severity domain questions is shown in table 4 below. 

 

Table 4: Example of summation method of the Likert values 

Domain Question Do not 

agree 

Slightly 

Agree 

Somewhat 

agree 

Mostly 

agree 

Completely 

agree 

Severity If I was injured when 

riding, it could seriously 

affect my social life with 

friends  

0 1 2 3 4 

Severity If I was injured when 

riding, it could seriously 

affect my relationship 

with family members  

0 1 2 3 4 

Severity If I was injured when 

riding, it could seriously 

affect my ability to 

function at work  

0 1 2 3 4 

Severity If I was injured when 

riding, it could seriously 

affect my ability to 

continue to ride mountain 

bikes  

0 1 2 3 4 

For example, in this domain (Severity), a participant answering in the blacked-out squares would 

score a total of 11 out of a possible 16 on this scale. 

 

The target variables were designed to provide a measure of the safety habits of the 

respondents regarding equipment use. Given the differential in effectiveness, full-face 

helmets and goggles were weighted double compared with standard helmets and sunglasses 

respectively. The race and non-race habits were combined with equal weighting. For 

Helmets, and Eyewear, the scales were theoretically 0-32 (Accepting answering “Always” to 
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both Full face and Standard helmet use should logically be mutually exclusive); Other 

Equipment was 0-64 and Overall was 0-112. The calculation of a single participant’s score 

for Helmets is demonstrated in the table 5 below. 

 

Table 5: Example of scoring for target variables 

Equipment Used Never 

(0) 

Occasionally 

(1) 

Sometimes 

(2) 

Mostly 

(3) 

Always 

(4) 

Full face helmet 

RACING 

     4*2=8 

Standard helmet 

RACING 

0*1=0     

Full face helmet 

NON-RACING 

   3*2=6  

Standard helmet 

NON-RACING 

 1*1=1    

Total score for helmet use scale equals 15 

 

Input variable of Age was produced from question 5; Rider Skill & Experience was produced 

from questions 8 to 15; while the psychometric input variables were from 18 to 27. The target 

variables were all calculated from questions 16 and 17. 

 

 2.2.6 Ethical considerations 

 

Ethical approval was obtained from the University of Auckland human ethics committee 

(reference 018487) on 13th January 2017. A university ethics advisor was consulted prior to 

applying for ethics approval.  

 

A koha or incentive of two $100 gift vouchers to any chosen retailers were offered via 

random draw to two participants. The value was set in order to provide a reasonable 

incentive. The voucher was initially planned to be for a particular retailer, but after feedback 

from a race director regarding sponsorship issues, this was changed to be simply a retailer of 

the winner’s choice. The winners were drawn at random at the end of the active data 

collection period, and contacted by email with their consent. 
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A possible perceived conflict of interest was disclosed, with one of the researchers providing 

medical cover at two of the races from which participants were recruited. The perceived risk 

was that the riders might feel coerced into participating in order to receive better care. The 

likelihood of this occurring was reduced by the researcher being blinded to the identities of 

those completing questionnaires. Potential participants were alerted to this potential conflict 

in the participant information sheet.  

 

It was not felt that participants were likely to benefit directly from participation in the study, 

however they might benefit indirectly from improvements in safety in the sport in general, 

and also in public perception of mountain bikers acting responsibly. Their participation might 

aid development of future injury prevention strategies for the benefit of all riders. No direct 

risk to the researchers was expected, and no physical risk to the participants was possible as a 

result of their participation. If participants did feel they had suffered any adverse 

consequences, they were provided direct contact details for the researchers. Both were 

medical doctors and therefore would be able to discuss any problems and formulate action 

plans. 

 

It was felt unlikely that the research would throw up major incidental findings, however two 

free text boxes for responses at the end of the questionnaire were provided, potentially giving 

unexpected results. 

 

The confidentiality of results was maintained with results accessible only by the researchers. 

Anonymity was maintained with participants not directly identifying themselves, and no 

identity confirming data requested on the questionnaire.  Consent was implied by participants 

responding to the invitation, and also explicitly requested at the start of the questionnaire. 

Participants maintained the right to withdraw by being able to close the questionnaire at any 

time. Once they had completed the survey however they were no longer able to withdraw 

their participation, except by emailing the researchers. 
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2.3 Results 

  

 2.3.1 Participation rates 

 

No requests for additional information regarding the study were received from individual 

participants, although four of the race directors requested further information prior to sending 

out the questionnaire. This was done via an informal phone conversation or email. One 

director commented regarding the use of gift vouchers as incentives, that he had worked hard 

to secure sponsors and therefore advertising a gift voucher for a competitor might adversely 

affect his sponsorship situation. In response to this, the offer was changed to allow the 

winning competitors their own choice of vouchers. Overall of the eight race organisations 

approached, six responded. Of these, all six race directors consented to participate (75% 

participation rate). It was estimated that the offer to participate was therefore potentially 

circulated to around 1000 competitors. It was not possible to determine a more exact figure. 

This is because some riders were likely competing in more than one race. There was a total of 

263 completed questionnaires (response rate to completion of 26.3%), with a further 37 

partially completed responses (i.e. a 12.4% dropout rate). Data from the incomplete surveys 

was not included in any of the subsequent analysis below.  

 

 2.3.2  Participant characteristics 

 

Basic demographics 

 

Demographics showed 224 male, and 39 female participants, a ratio of nearly 6:1. Age and 

ethnicity data is displayed in tables 6 and 7 respectively. 

 

Table 6: Age demographics 

Age Number of participants Percentage (%) 

18-25 51 19.4 

26-35 67 25.5 

36-45 86 32.7 

46-55 52 19.8 

Over 56 7 2.7 
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Table 7: Ethnicity demographics (note participants were able to select more than 

one response) 

Ethnicity (could select multiple) Number of participants Percentage (%) 

NZ European 194 73.8 

Maori 12 4.6 

Pacific Island 2 0.8 

Asian 6 2.3 

Other European 44 16.7 

Other 17 6.5 

Prefer not to answer 1 0.4 

 

Rider and riding characteristics 

 

Table 8 shows that the majority (n=213, 81.0%) of those completing the questionnaire were 

only competing in the one race. Only 12 riders (4.5%) were competing in 3 or more of these 

specific races contributing to an overall NZ title in the year, and only 2 riders (0.8%) in 5 or 

more races. 

 

Table 8: Numbers of races entered by participants 

Number of races entered Number of participants Percentage (%) 

1 213 81.0 

2 38 14.4 

3 9 3.4 

4 1 0.4 

5 or more 2 0.8 

 

Tables 9 to 14 show data relating to riding characteristics. These include years riding, years 

racing, races per year, self-reported riding experience level, racing experience by format, and 

hours riding per week.  
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Table 9: Number of years riding 

Years riding Number of participants Percentage (%) 

Less than a year 5 1.9 

1-4 years 49 18.6 

5-10 years 72 27.4 

11+ years 137 52.1 

 

 

Table 10: Number of years racing 

Years racing Number of participants Percentage (%) 

Less than a year 41 15.6 

1-4 years 102 38.7 

5-10 years 60 22.8 

11+ years 60 22.8 

 

 

Table 11: Average number of races per year 

Average races per year Number of participants Percentage (%) 

1-2 71 27.0 

3-5 113 43.0 

6-10 57 21.7 

11 or more 22 8.4 

 

 

Table 12: Self-reported riding experience level 

Self-reported riding level Number of participants Percentage (%) 

Beginner 1 0.4 

Intermediate 79 30.0 

Advanced 172 65.4 

Professional (or ex-

professional) 

11 4.2 
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Table 13: Number of each type of race previously completed by participants 

 Number of participants (Percentage) 

Races completed Enduro Downhill Cross Country 

0 14 (5.3%) 135 (51.3%) 47 (17.9%) 

1-2 59 (22.4%) 47 (17.9%) 49 (18.6%) 

3-5 86 (32.7%) 29 (11.0%) 43 (16.3%) 

6-10 51(19.4%) 17 (6.5%) 28 (10.6%) 

11+ 53 (20.2%) 35 (13.3%) 96 (36.5%) 

 

 

Table 14: Average number of hours riding per week 

Hours riding per week Number of participants Percentage (%) 

0-3 40 15.2 

4-6 117 44.5 

7-10 78 29.7 

11+ 28 10.6 

 

 

In terms of experience, over half (52.1%) the riders had been riding mountain bikes for over a 

decade while only 5 riders (1.9%) had less than a year’s experience.  

 

With racing experience, the modal response was 1-4 years, representing 38.7% (n=102) of 

the group. 64.7% (n=170) of respondents were competing in 3 to 10 races per year on 

average. Completing 10 races would equate to one every couple of weeks during the season. 

69.6% (n=183) of riders categorised themselves as being advanced riders, and 11 of the 263 

(4.2%) were professional or ex-professional riders. With regard to the type of riding that 

participants had previously raced in, over a third (36.5%, n=96) had competed in more than 

10 cross-country races, and 82% (n=216) had competed in at least one cross-country race. 

51.3% (n=135) had never ridden a downhill race. Most had raced several enduro format races 

before. The majority of participants (74.2%, n=195) were riding for between 4 and 10 hours 

per week.  
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Injury experiences 

 

The responses to these questions are shown in table 15. More than half of the participants 

(54.8%, n=144) had experienced an injury requiring a week off work, and 19.8% (n=52) 

responded that they had one requiring a month or more off work. 

 

Table 15: Injury experience details 

Injury Experiences Yes No Not sure 

Week or more off work due to 

mountain biking injury 

144 (54.8%) 114 (43.3%) 5 (1.9%) 

Month or more off work due to 

mountain biking injury 

52 (19.8%) 

 

209 (79.5%) 2 (0.8%) 

Ongoing symptoms from a 

mountain biking injury 

108 (41.1%) 143 (54.4%) 12 (4.6%) 

Seen a nasty crash 34 (12.9%) 225 (85.6%) 4 (1.5%) 

Personally saved by gear 30 (11.4%) 215 (81.7%) 18 (6.8%) 

Seen someone else saved by gear 27 (10.2%) 210 (79.8%) 26 (9.9%) 

 

 

 2.3.3 Practices with protective equipment 

 

Summaries of the results regarding equipment use whilst racing and not racing are shown in 

tables 16 and 17 below: 

 

Equipment use and riding versus racing 

 

The vast majority of riders (91.6%, n=241) always rode full suspension bikes for racing. 

Nearly two thirds (61.2%, n=161) always rode full suspension for non-racing, although again 

the vast majority (90.8%, n=239) always or mostly did. 
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Table 16: Frequency of use of various types of equipment whilst racing 

Equipment Used 

RACING 

Never Occasionally Sometimes Mostly Always Total 

Full Suspension Bike 4 1 1 16 241 263 

Hardtail 234 20 3 2 4 263 

Clipless pedals 61 6 8 21 167 263 

Flat pedals 168 16 14 9 56 263 

Full face helmet 94 35 66 49 19 263 

Standard helmet 16 30 49 58 110 263 

Sun/glasses 111 37 44 38 33 263 

Goggles 102 50 60 38 13 263 

Gloves 8 9 11 24 211 263 

Elbow pads 161 33 21 21 27 263 

Knee pads/shin 26 17 25 43 152 263 

Torso body armour 241 7 9 1 5 263 

 

 

Table 17: Frequency of use of various types of equipment whilst not racing 

Equipment Used 

NOT RACING 

Never Occasionally Sometimes Mostly Always Total 

Full Suspension Bike 5 4 15 78 161 263 

Hardtail 133 74 41 8 7 263 

Clipless pedals 56 13 13 40 141 263 

Flat pedals 135 40 20 17 51 263 

Full face helmet 102 67 79 12 3 263 

Standard helmet 0 7 33 98 125 263 

Sun/glasses 75 46 57 52 33 263 

Goggles 117 72 62 8 4 263 

Gloves 11 9 18 41 184 263 

Elbow pads 174 47 22 13 7 263 

Knee pads/shin 33 44 64 61 61 263 

Torso body armour 231 21 7 2 2 263 
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 Helmets 

 

A small number (7.2%, n=19) always use a full face for racing, with even fewer (1.1%, n=3) 

always using one non-racing. The number of riders never using a full-face helmet was similar 

racing and non-racing (35.7%, n=94; and 38.7%, n=102 respectively). 

  

Eye protection 

 

Regarding eye protection, a further analysis was completed assessing use of either sunglasses 

or goggles, displayed in table 18. This confirms that around a fifth (17.5%, n=46) were 

always using eye protection, but a similar proportion were never using it. By this token, over 

80% of riders could increase their use of eye protection. 

 

Table	18:	Reported	use	of	eyewear	

	 Number	 Percentage	

Always	wear	either	sunglasses	or	goggles	racing	 46	 17.5%	

Always	wear	either	sunglasses	or	goggles	not	racing	 37	 14.1%	

Never	wear	either	sunglasses	or	goggles	racing	 48	 18.3%	

Never	wear	either	sunglasses	or	goggles	not	racing	 38	 14.4%	

 

Gloves, knee & elbow pads, and body armour 

 

Glove use was high, with 89.4% (n=235) always or mostly using them whilst racing and 

85.6% (n=225) when not racing. The use of knee pads was again moderately high, with 

74.1% (n=195) always or mostly using them racing, although reducing to 46.4% (n=122) for 

non-racing situations. Elbow pad use was relatively low, with 61.2% (n=161) never using 

them racing and 66.1% (n=174) never using them non-racing. Body armour was never used 

racing by 91.6% (n=241) of participants and non-racing 87.8% (n=231). 

 

Pedal choice 

 

Around three quarters (74.8%, n=167) always used clipless pedals for racing, with almost the 

same (73.4%, n=141) for non-racing.  
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 2.3.4 Attitudes to use of protective equipment 

 

Table 19 shows a summary of the responses to each question relating to attitudes towards the 

use of protective equipment. 

 

Table 19: Responses to individual questions relating to attitudes 

Domain Question Do not 

agree 

Slightly 

Agree 

Somewhat 

agree 

Mostly 

agree 

Completely 

agree 

Harm I do not go fast enough 

to need protection in a 

crash 

220 21 8 7 7 

Harm I feel that protective 

gear is unnecessary for 

short rides  

167 56 28 8 4 

Harm With my experience, I 

can easily avoid 

crashing when riding  

149 52 37 24 1 

Harm Protection is less 

important for those who 

ride less frequently  

222 24 12 4 1 

Harm Protection is more 

important for those who 

ride more often  

143 32 31 33 24 

Harm When I'm not racing, I 

don't really need 

protection  

203 36 18 5 1 

Danger When riding, I'm at risk 

of being injured when I 

make a mistake  

3 11 36 63 150 

Danger When riding, I'm at risk 

of being injured when 

something beyond my 

control happens  

1 19 35 72 136 
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Danger If I had an accident on 

my bike, I'd be likely to 

suffer a significant 

injury  

31 67 107 38 20 

Danger Mountain biking is 

dangerous all the time  

83 64 73 27 16 

Danger Mountain biking is 

dangerous when racing  

24 44 82 63 50 

Severity If I was injured when 

riding, it could seriously 

affect my social life 

with friends  

76 67 65 31 24 

Severity If I was injured when 

riding, it could seriously 

affect my relationship 

with family members  

106 70 51 19 17 

Severity If I was injured when 

riding, it could seriously 

affect my ability to 

function at work  

8 36 70 78 71 

Severity If I was injured when 

riding, it could seriously 

affect my ability to 

continue to ride 

mountain bikes  

15 53 77 54 64 

Benefits I feel unsafe riding 

without enough 

protective equipment  

34 67 60 60 42 

Benefits I feel guilty riding 

without enough 

protective equipment  

94 65 41 38 25 

Benefits Wearing more 

protective equipment 

72 65 59 53 14 
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would make me feel less 

anxious when I ride  

Benefits I think it’s my 

obligation to keep 

myself safe for the 

people who care about 

me by wearing 

protective gear when I 

ride  

22 36 46 56 103 

Benefits Wearing protective gear 

makes me feel safer  

11 32 60 86 74 

Benefits When wearing 

protective gear I feel 

more aware of the 

potential dangers of 

riding  

116 67 48 21 11 

Benefits Wearing protective gear 

makes me more likely to 

“take care” when I ride  

176 58 21 6 2 

Benefits In general, I feel that 

people who choose to 

wear protective gear are 

being safe and 

responsible  

11 26 47 92 87 

Benefits Protective gear is 

effective at reducing my 

risk of injury if I have a 

crash whilst riding  

2 12 41 97 111 

Benefits I believe that wearing 

protective gear can 

prevent serious injury if 

I have an accident  

7 14 64 76 102 
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Benefits In the event of an 

accident, wearing 

protective gear could 

save me money in 

medical treatment and 

time off work  

2 20 50 85 106 

Comfort I would feel 

embarrassed by wearing 

more protective gear  

165 47 35 12 4 

Comfort I feel foolish wearing 

protective gear on easier 

trails  

108 64 44 33 14 

Comfort Wearing protective gear 

makes me feel foolish if 

no one else is wearing it  

149 61 28 20 5 

Comfort Quite frankly, protective 

gear looks stupid  

209 27 18 5 4 

Comfort Wearing protective gear 

is uncomfortable  

61 99 67 23 13 

Comfort I would wear more 

protective gear if it 

didn’t restrict my riding  

82 59 49 44 29 

Comfort I would wear more 

protective gear if most 

of the people I ride with 

did  

153 45 39 22 4 

Comfort I would wear eye 

protection more if it 

didn’t affect my vision  

116 36 33 38 40 

Comfort I would wear a full-face 

helmet more if it didn’t 

affect my vision  

180 38 22 11 12 
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Costs The cost of protective 

gear is generally more 

than it’s worth 

139 48 45 17 14 

Costs The cost of buying 

protective gear affects 

whether I use it or not  

138 55 37 23 10 

Costs The best protective gear 

is too expensive for me 

to buy  

107 52 42 33 29 

Costs I would not want to 

spend money on 

protective gear  

206 32 21 3 1 

Costs Protective gear is not a 

worthwhile way for me 

to spend my money  

211 33 13 5 1 

Costs Protective gear is not 

worth the cost  

217 30 14 1 1 

Costs I believe protective gear 

is overpriced  

72 84 49 37 21 

Cues I have several friends 

who routinely wear 

protective gear when 

they ride 

9 26 45 85 98 

Cues I keep my protective 

gear in a visible place so 

I won’t forget it  

44 36 37 62 84 

Cues I usually keep my 

protective gear with my 

bike  

77 22 36 50 78 

Cues I know that I will feel 

bad if I don’t wear my 

protective gear, as 

someone that cares 

85 61 37 36 44 
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about me wants me to 

wear it  

Cues My friends think I 

should wear protective 

gear when I ride  

77 46 59 45 36 

Cues My close friends think I 

should wear protective 

gear when I ride  

71 45 48 53 46 

Media I recall seeing TV 

commercials, billboard 

ads or posters about the 

importance of wearing 

protective gear�whilst 

mountain biking 

178 46 19 8 12 

Media I have seen articles in 

bike magazines or 

online about the benefit 

of wearing protective 

gear  

47 52 57 48 59 

Media During the past year, a 

healthcare professional 

has advised me about 

using protective gear  

212 15 7 11 18 

Media During the past year, 

I’ve seen adverts in 

magazines or elsewhere 

for shops giving a 

discount on protective 

gear  

69 44 50 44 56 

Media During the past year, I 

recall some form of 

promotion event for 

165 33 25 13 27 
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protective gear in the 

community  

Media During the past year, I 

recall reading 

about/seeing mountain 

biking accidents in the 

news  

29 21 54 46 113 

 

Additional questions 

 

About half (51.0%, n=134) of respondents did not answer that a full-face helmet definitely 

offered more protection than a standard, although only 1.9% (n=5) disagreed. 64.6% (n=170) 

disagreed that wearing a helmet increased chances of injuring the neck, leaving 35.4% (n=93) 

who at least slightly agreed or more. Details are shown in table 20. 

 

Table 20: Responses to the additional questions regarding additional protection afforded by a 

full-face helmet, and additional risk of neck injury with helmets 

Additional Questions Do not 

agree 

Slightly 

Agree 

Somewhat 

agree 

Mostly 

agree 

Completely 

agree 

Do you think a full-face helmet 

protects significantly better than a 

standard helmet?  

5 20 38 71 129 

Do you think wearing a helmet 

increases your chance of injuring 

your neck?  

170 52 31 6 4 

 

Additional comments 

 

Free text answers to the final questions “What are the most important reasons that you 

do/don’t use protective equipment?” and “Do you have any other questions or comments 

about the topics raised in this questionnaire?” were assessed for themes using a qualitative 

assessment. The themes and typical comments are shown in tables 21 and 22. The first 

question was included particularly to assess if any key factors might have been inadequately 
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assessed by the quantitative questions. The second question was a ‘wildcard’ to allow 

participants to make potentially insightful comments, and also allow anonymous feedback on 

the process. Some typical comments are shown in table 23. 

 

Further comments on unexpected results  

 

An interesting finding that was not anticipated was that 73.8% (n=194) of respondents 

requested a summary of the results.  

  

Table	21:	Themes	identified	from	responses	to	qualitative	questions	

Theme	identified	from	“What	are	the	most	important	reasons	that	

you	do/don’t	use	protective	equipment?”	 	

Number	of	

responses	

Comfort	(as	a	negative	influence)	 112	

Injury	prevention/safety	 95	

Specific	head	injury	prevention	 29	

Match	to	level	of	riding	(as	a	positive	influence)	 29	

Match	to	level	of	riding	(as	a	negative	influence)	 23	

Future	health/keep	riding	 17	

Previous	injury	experience	 16	

Cost	 15	

Family	 8	

Stay	at	work	 7	

Stupid	not	to	 5	

Age	 4	

Part	of	culture	to	wear	it		 3	

Don’t	see	the	point	of	some	types	 2	

Comfort	(as	a	positive)	 2	

Lack	of	supply	in	shops	nearby	for	testing	 1	

Required	in	races	 1	

Embarrassing	 1	
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Table	22:	Examples	of	typical	responses	to	qualitative	questions	regarding	use	of	protective	

equipment	

Examples	of	typical	statements	

“Particularly because of my age, perhaps, I feel rather aware of the frailty of the human 

body. In fact, today I purchased a ‘torso’ protective jacket – shoulders, chest and spine. 

Hope it’s not too hot!” 

“Cost restricts the gear I use, but that said I have spent more on my 12 yr. old son’s 

protective gear as he takes more risk than myself. He has a full-face helmet, knee and 

elbow pads, gloves and torso armour. Now saving for a neck brace for him and a set of 

elbow pads for me, then maybe a full face for myself” 

“A good helmet is a must as brain injuries are the last thing I would want to live with or 

put people close to me through with. The amount of protective gear I use depends on the 

trails I am riding for example I tend not to use a full-face helmet or torso armour if 

significant amounts of climbing is involved as it gets too hot.” 

“Had a mate in a coma from a crash, scared me into gearing up more.” 

“6 operations in last 7 years due to MTB crashes – hence I am very strong advocate for 

protection.” 

“With my experience, I feel I am totally safe with a normal helmet, unless I am doing very 

extreme riding or racing, which I don’t do often.” 
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Table	23:	Examples	of	responses	to	“Any	other	comments”	question	

Selection	of	responses	from	“Any	other	comments”	question	

“It's like most things - personal responsibility.  I'm sitting her completing the questionnaire 

having spent the night in A&E getting my arm sutured because I didn't wear elbow pads 

while running a challenging track but one that I've run many times before without 

incident!” 

“In certain bike cultures, especially among young riders they do judge their friends for 

wearing to much protection gears. You do not look cool if you have it. Sad. I also wish the 

government eliminate tax from protective gears so it would be more accessible. The good 

ones that will protect you and not affect your riding are more expensive so it would good to 

get them cheaper. Tax free for protective gears!”(sic) 

“There is not enough data in the community supporting wearing a helmet. It only takes one 

small fall to create a life-long effect on the brain which could have been prevented. 

Perhaps there could be more advertising at a government level in this vein to encourage 

the use of helmets for commuters etc. who don't believe they need them. Much like the 

advertising used to alert people to the fact you can drown in 10cm of water or most car 

accidents happen with 5 mins of the home.” 

“I am an orthopaedic surgeon in [removed to preserve identity] - we have 8 consultant 

surgeons here and 4 are passionate riders and competitors - the benefits of going out into 

the bush to get away from work are enormous! The injuries we see when we have world 

cup races at [removed] track are minimal BUT the next few weeks after the race we see 

quite a spike in injuries as locals try to emulate the feats of their heroes. We see 2 distinct 

bands of injured riders - the seasoned rider who crashes doing difficult trails and then the 

beginner who takes on too much and simple falls as they are learning.” 

“I have observed a trend towards people wearing more protective gear just in my four 

years of riding. I race enduro and I think the risks of bodily harm are not that far off from 

downhill racing. I think there should be more encouragement of full face helmets and torso 

protection for enduro.” 

“Deemed ‘uncool’ to wear excessive protective gear. For a female rider who is not as 

skilled as her male counterparts, I feel safer wearing more protective gear however it is 

often embarrassing as the boys wear as little protective gear as possible.” 
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 2.3.5 Analysis of Correlations 

 

Analysis of the correlations between the different scales and equipment use scales is shown 

in table 24 below. The correlations use a Spearman’s rho calculation. Correlations that 

reached statistical significance are highlighted in bold text. 

 

Injury Experiences 

 

The Injury Experience scale correlated very well with helmet, eyewear and overall use, but 

not equipment. 

 

Rider Skill and Experience 

 

Higher scores on the Rider Skill and Experience scale (i.e. more skilled, more experienced 

respondents) correlated well with Helmet, Eyewear and Overall scales of equipment use. P 

values were 0.013, 0.004 and 0.026 respectively.  

 

Harm 

 

Regarding attitudes to harm, this scale only contained 6 questions. The table 19 shows that in 

all questions, at least half the cohort answered completely disagree, and most of the questions 

only had small numbers at the opposite end. The scale has a very poor correlation with 

overall use of equipment.  

 

Danger 

 

The five Danger domain questions had an even distribution within the responses. However, 

the scale corresponded poorly with any of the 4 equipment use scales. A high score on the 

Severity score only correlated with Eyewear use (p=0.01).  

 

Benefits 

 

The Benefits scale didn’t correlate with Eyewear (p=0.142), but did correlate with Helmet 

use (p=0.034) and very well with Equipment use and the Overall score (both p<0.01).  
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Table 24: Correlations 

Domain Scale  Helmets Eyewear Equipment Overall 

Injury 

Experiences 

Correlation Coefficient .127* .238** -0.022 .153* 

 Sig. (2-tailed) 0.04 0 0.723 0.013 

Harm Correlation Coefficient 0.059 -0.012 0.056 0.045 

 Sig. (2-tailed) 0.341 0.848 0.365 0.472 

Danger Correlation Coefficient 0.001 0.027 0.046 0.054 

 Sig. (2-tailed) 0.983 0.661 0.46 0.384 

Severity Correlation Coefficient -0.023 -.158* 0.001 -0.07 

 Sig. (2-tailed) 0.71 0.01 0.99 0.248 

Benefits Correlation Coefficient .131* 0.091 .304** .260** 

 Sig. (2-tailed) 0.034 0.142 0 0 

Comfort Correlation Coefficient 0.066 -0.073 .187** 0.1 

 Sig. (2-tailed) 0.283 0.239 0.002 0.106 

Costs Correlation Coefficient .128* 0.099 .339** .254** 

 Sig. (2-tailed) 0.038 0.109 0 0 

Cues Correlation Coefficient .164** 0.038 .306** .223** 

 Sig. (2-tailed) 0.008 0.538 0 0 

Media Correlation Coefficient 0.064 0.086 0.017 0.07 

 Sig. (2-tailed) 0.3 0.164 0.78 0.259 

Age Correlation Coefficient -0.076 -.125* .265** 0.052 

 Sig. (2-tailed) 0.218 0.043 0 0.398 

Rider Skill & 

Experience 

Correlation Coefficient .153* .178** -0.023 .138* 

 Sig. (2-tailed) 0.013 0.004 0.71 0.026 

* Correlation is significant at the 0.05 level (2-tailed). 

** Correlation is significant at the 0.01 level (2-tailed). 

 

Costs and cues 
 

Costs proved to be a good differentiator. Questions about cost correlated with helmet, 

Equipment and Overall use despite most people responding at the Disagree end of the 
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spectrum for most questions. Conversely, the Cues questions were also very well correlated 

with Helmet, Equipment and Overall, but received a much more uniform spread of answers 

across all questions. 

 

Comfort 

 

Comfort questions were only significant for ‘other Equipment’ and not for Eyewear or 

Helmets. 

 

Media 

 

The Media questions did not correlate with any use scales. Of note, 80.6% had not had a 

healthcare professional recommend equipment use. 

 

Age 

 

The Age variable was well correlated with the Eyewear and Equipment scales, although not 

Helmet use.  
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2.4 Discussion	

	

This is the first study that has investigated injury prevention beliefs in a population of enduro 

mountain bike riders. It provides data on a novel population in a growing sport, competition, 

and topic area.  

 

2.4.1 Study findings and comparisons 

 

Participant demographics 

 

A key reference to compare the demographics of the study population is the Sport NZ Active 

New Zealand Survey Series from 2013-14 (7). This was a phone study that sampled over 

6000 people from the census data from which it was extrapolated that 8.8% (around 292,000) 

adults participated in mountain biking. This survey looked at cycling and mountain biking, 

analysing them in combination and separately for various aspects of participation. Comparing 

the characteristics of the current study’s respondents to this previous study therefore provides 

a measure of how representative and therefore applicable the results of this study are to the 

wider recreational population. The Sport NZ survey data showed a ratio male to female riders 

of just over 2:1 (7). In the currently study 85% of respondents to this study were male. One 

reason for this discrepancy may be than men are more likely to enter a competitive race than 

their female peers. This theory is supported by data from a study that reported on the 

characteristics of a single mountain bike race over an eight-year period. Entrants in this race 

were more likely to be male with 86% men (15). Ross et al found men were more likely to 

use helmets, and speculated that this might be due to increased exposure to competitive 

environments and clubs (14). This observation regarding male exposure to competition is 

certainly supported by the demographics in this study. ACC statistics show male claimants 

outnumber women at least 3 to 1 (16). In the US, males have also been shown to suffer more 

eye injuries than females, with a ratio of around 5:1, although no reason is given (17). 

Therefore, an overrepresentation of men in this study may actually make the data more 

applicable to the higher risk group. 

 

The 2013 Census describes 74% as European, 15% Maori and 12% Asian, and the Sport NZ 

survey found that 75.8% of recreational riders were NZ European (7). Of the respondents in 

the current study, 90% were NZ European or Other European, 4.5% Maori and 2% Asian 
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(18): European ethnicity was more prevalent in the current study’s participants than in the 

background NZ population. The questionnaire used in this study is based on a survey used to 

assess student helmet use (14). It was 87% Caucasian (similar to this study), but 78% were 

female: Their gender ratio was the opposite of this study, and therefore this may impact on 

the relative perceptions of risk and benefit that they found. 

 

Socioeconomic data was not directly collected for this study, but the Sport NZ survey’s data 

showed 42.2% of riders were of low deprivation (34.4% medium, 23.3% high). Due to the 

relatively high costs of type of bike required, and entry fees and associated costs for these 

particular races, this survey likely over-represents higher socioeconomic groups. 

 

The age split seen in the current study was very even between decades, with good 

representation even from the masters’ categories. This may be partly due to the style of 

racing, allowing more senior riders to compete, or may be a response bias with older riders 

more likely to have sustained injuries, rendering them keen to respond. Response bias is well 

documented in mailed questionnaire studies, and the risk seems to be similar for online ones 

(19). Data from the Sport NZ survey shows similar proportions across the age categories, 

with 30.6% in the 25-39 years cohort, and 40.7% in 40-54 years (7). The current study 

population is therefore consistent with what has previously been reported, with for example 

in one race of 125 riders, 56 (44.8%) being in the “41+” age category. Regarding ACC injury 

costs, the most frequent and costly age group is 40-50 years, which is well represented in this 

study. An unpublished study of injury call outs at a trial ACC funded response unit also 

shows a very even spread of injuries across the age categories (16). Therefore, the fact that 

these are well represented in the responses suggests good correlation with the target groups. 

The Age variable was well correlated with the Eyewear and Equipment scales, although not 

Helmet use. There are several potential reasons for this: Older riders may have accumulated 

more equipment over the years, may have more financial capacity to purchase equipment, or 

it may be related to other variables such as injury experiences. Specifically relating to 

Eyewear, presbyopia (short-sightedness) increases with age and therefore older riders are 

possibly more likely to need glasses whilst riding anyway for acuity purposes. It might also 

however reduce their relative use of goggles, due to incompatibility.  
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The “NZ Enduro Crown” is an award for the most points accumulated by an individual racer 

over a number of races throughout the season. Participants in these races were chosen for the 

target population as the overall format of the event provides a relative consistency to the level 

of racing performed, and the organisational quality of the races is of a certain standard. As 

such they are likely to attract a similar type of rider over the whole country. They are more 

likely to attract the more serious riders, and also probably from a minimum socioeconomic 

setting, due to the costs of entry. As outlined earlier, although enduro format races may be 

ridden on any bike, these races charge an entry fee and require time and effort to attend. 

 

Compared with previously reported data the participants in this study appear to be more 

experienced mountain bikers. The majority of riders had been riding mountain bikes for over 

a decade while only five riders (1.9%) had less than a year’s experience. This is in contrast to 

the Sport NZ survey cohort, of whom 12.1% had started for the first time within the 

preceding year, and another 13.5% had restarted after not riding for 12 months or more (7). 

Eleven (4.2%) of the 263 participants were professional or ex-professional riders. This is a 

higher than expected figure. NZ is well represented on the world stage with high level riders, 

more so than might be expected for population base (recent race results include 2 men in the 

top 10 and a woman at 11th in the Enduro World Series professional circuit) (20); however, 

the actual number of elite or professional riders is probably still quite small. Therefore 11 

responses are potentially a significant proportion (although the questionnaire does not specify 

if professional in this format of racing so might include professional cross-country athletes, 

for example).  

 

The majority (n=213, 81.0%) of those completing the questionnaire were only competing in a 

single race. Data from the Sport NZ survey showed that of people who mountain biked, 

97.6% rode casually, 3.1% rode in regular club competitions, 3.7% in short term organised 

competitions, 6.7% in on-off or series and 2.6% in other ways (7). Their results suggest that 

this study’s population is drawn from at most a 15% sample of the overall group of riders, 

which might be considered small. This must be considered when drawing conclusions. 

However, the Sport NZ statistics do not characterise by frequency of riding (the study reports 

20% rode less than once per month, and a further 32.7% only 1-2 days per month). It seems 

likely that those who participate in organised races may ride more frequently, and may be 

more skilled; however, their time related exposure to potential injuries may be higher. When 

the previous type of race experience is considered, most seem to have competed in cross-
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country events. This again provides a basis for more general application of the results, as this 

is the largest population of competition in mountain biking. In terms of the specific races 

entered by respondents, just over half were competing in one particular series which is based 

on the North Island. The rest of the events were mostly from the South Island. As a result of 

this split, the results can be considered representative of both islands of New Zealand, despite 

each having different riding terrain reflecting the unique geographies.  

 

Rider Skill and Experience 

 

In the current study, more skilled and experienced riders were more likely to use protective 

equipment (p=0.026), especially helmets (p=0.013) and eyewear (p=0.004). The impact of 

rider (or player) experience and the relationship with injury prevention strategies has been 

investigated previously, but the results of these studies have been conflicting. A study in 

handball players supported the findings seen in the current study showing increased 

compliance with an anterior cruciate ligament (ACL) injury prevention program in the elite 

teams compared to lower tiers (21). This is in contrast to patterns seen with an activity based 

injury prevention program designed for use in football, the FIFA 11+. A meta-analysis 

investigating the effectiveness of this programme found only 13% compliance (22). In elite 

football players, compliance with a validated hamstring injury prevention program was very 

poor with only 16.7% (23) of players completing these exercises. Injury prevention in general 

has been shown to be done very poorly in elite football, with 11 of 33 UEFA Elite Club 

teams reporting that no players at all adhered to hamstring injury prevention programs (24). 

Reasons for non-compliance included muscle soreness and effects on competition play, a lack 

of belief in the effectiveness of the programme, or concern about incurring an injury (24). 

Previous studies in mountain biking have reported a higher incidence of injury amongst 

experienced riders, and a 4 times higher risk of injury during racing (25), although another 

author suggests that during adventure racing, inexperience may contribute (26). As the 

current studies population appears to represent a more experienced cohort this may introduce 

the possibility or bias, and may limit the generalisability of findings to less experienced 

riders. Riding experience and increased age may be associated factors, as skill-based 

experience is cumulative (in comparison to fitness based level of competence). Older may 

also mean more time in the sport, which means more time to collect (and therefore use) 

equipment. Older riders are also more likely to have children, who may provide stronger 

family-based cues, which also correlated very well with equipment use (p=0.00). 
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Previous injury experience 

 

A very high number of respondents had received injuries requiring extensive time off work 

(55% reported having experienced an injury resulting in a week off of work and 19.8% had a 

month or more). This is in line with ACC claims data, which for 2014 showed 3,512 weekly 

compensation claims, totalling $19.9m, and increased 171% on 2005 (6). ACC’s statistics for 

2016 contain a lot of other information. Of 7,597 new claims, there were 4,856 soft tissue 

injuries and 1,071 lacerations: Despite their individually relatively low morbidity and cost, 

these two groups cost $5.8m of the total $14.8m for new claims, and $1.75m of $5.8m of 

compensation. Additionally, ACC compensation does not cover the first week off work with 

an injury, and low-cost items pass on a high proportional surcharge to the client: Compared 

to other injuries (e.g. fractures and concussions) therefore the total cost to the community 

may be grossly under-represented as the minor ones that require less than a week off may 

firstly not present to a healthcare practitioner and secondly may not incur much cost to ACC. 

They may however represent significant use of medical sick days, relevant to the individual 

and the employer. A small reduction might therefore make a large financial difference, and 

the knee/elbow pads examined in this study might be a key intervention: The data regarding 

use of other equipment, such as knee pads and gloves, shows that although use is quite high 

during racing it is much lower during casual riding. Therefore, assuming a reasonable 

protective factor from the equipment against these injuries, the overall potential cost 

reduction is high. The high number of positive answers to injury experiences might also 

support a concern regarding response bias. 

 

In addition to the high reported rate of injuries, 108 riders (41%) also reported ongoing 

symptoms from a previous injury. Only 34 (12.9%) reported having seen a nasty crash, and 

27 (10%) and 30 (11%) respectively that either they or others had been saved by protective 

gear. This is quite low considering the amount of injuries reported in the previous questions. 

It may reflect they style of riding: Most of the time when riding or racing, riders are in 

convey and spread out, rather than riding in a peloton or similar, and therefore do not actually 

directly witness most of the crashes. In the study of student commuters, sixty percent knew 

someone who’d been in an accident, and 6% personally knew someone who’d been killed in 

a bicycle accident. Three quarters had been injured whilst riding, although only 12% reported 

requiring medical attention. This therefore may suggest the majority of their injuries were 
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minor, compared to this study, with 54.8% requiring a week off work with injury, and 19.8% 

a month or more, suggesting higher severity.  

 

Overall, when a Health Belief Model of behaviour is applied to health outcomes, benefits, 

barriers and severity (particularly with a negative outcome, such as injury) have previously 

been found to be the most common themes (27). The results of this study are therefore mostly 

in keeping with this, as might be expected given that it is an assessment of human 

psychological qualities rather than of the specific sport. The area of most dissimilarity is 

perhaps in the severity component, where this study suggests this is less likely to play a large 

role. To speculate, this may be an aspect of risk-taking behaviour, in that riders may feel that 

injuries are part of the course when mountain biking. It might also reflect a lack of perception 

of injury potential, or alternatively the potential risk mitigation of protective equipment as 

discussed by Hagel (28): “Risk compensation” is the suggestion that each individual has a 

target level of risk, and reducing the perception (e.g. by wearing protective equipment) 

results in a change in behaviour to restore the desired level (e.g. ride more aggressively, 

faster). Hagel reviewed a selection of the literature and found mixed results, depending on the 

sport and scenario. This study suggests that it could be a factor in mountain biking. 

 

As mentioned above, a potential weakness of the current survey’s findings might be the 

possibility of response bias in favour of those previously injured. This needs to be considered 

when considering reported injury rates and absences from work. Relying on a participant’s 

retrospective recall is also a potential source of error. However, if the goal is to try to identify 

opportunities to prevent injury and to prevent those individuals with financially expensive 

injuries requiring time off work, then the population that responded represents the target 

group.  

 

Equipment use 

 

Actual values for the prevalence of equipment use in mountain bikers is scarce in the 

literature, and are likely to be very specific to the populations studied (29–31). For example, 

the practices, and risks associated with, participation in elite downhill racing are very likely 

to be different to those associated with recreational cross-country riding. This is the first 

study identified that assesses the actual use of protective equipment in recreational mountain 

bikers. Other studies have focused specifically on bike parks, rather than everyday trail riding 
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(30,31). These points are important, as bike park riding typically more downhill and high-risk 

elements (like jumps and other obstacles). Comparing the current studies results to a study of 

downhill riders, the uptake of equipment is lower in endurance riders (30). This is likely 

because downhill riding (particularly in parks) often involves an uplift (chairlift or gondola), 

so weight concerns are unimportant. The demographics of the individual participants also 

may be different. The current study additionally provides a more detailed breakdown of the 

different individual pieces of safety equipment, which is essential if particular injuries are to 

be considered. Also, this study assesses equipment use in all riders, while most other studies 

only provide information on the injured population. This study is therefore potentially more 

applicable to population-based calculations around injury prevention. 

 

Helmets 

 

There was a low reported uptake of full-face helmets compared to standard ones. As 

discussed previously, literature has shown that wearing full-face helmets protects more than 

standard, and that facial injuries are a significant cause of morbidity in mountain bikers. 

Therefore, increasing the uptake of full-face helmets might be a specific goal of an injury 

prevention program. Interestingly the ACC statistics might suggest that facial injuries are 

relatively uncommon, with a small absolute number of dental (n=125) and facial (n=312) 

injuries from a total of 7,597 injuries (16). It is however important to recognise that the 

statistics may under-represent the potential benefits of the full-face helmets, as concussions, 

significant head injuries and neck injuries may also potentially be reduced. One of the 

reasons for the low reported uptake might be the lack of consensus that full-face helmets 

protected the user more than traditional helmets. It would seem intuitive that full face would 

protect more, whether there is knowledge of the academic studies or not. When considering 

reasons for using standard versus full-face helmets, full face is usually around twice the cost 

of a standard. The results of this study show that costs are a significant factor in equipment 

choice. Educating riders on the enhanced protection offered by full-face helmets might be a 

key area to target when designing an injury prevention plan. A brief search does show that 

the industry is taking notice, and some races have already mandated their use. 
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Eyewear 

 

The correlation between the ‘injury experience’ scale, and eyewear (p=0.01) and helmet use 

(p=0.04) scores, were very high (p=0.01). There was no significant correlation between 

experience and other types of equipment: It appears there is a difference between head 

injuries and limb. This is similar to the findings that previous crashes in snow sports 

participants increased helmet use (32), but not wrist guards in snowboarders (33). Equestrian, 

Australian football and rugby have also correlated injury experience with equipment use (34–

36), although not in-line skating (37). However it is in contrast to a study on helmet use in 

student cyclists, in which only 12% wore helmets despite the facts that 75% had been injured 

themselves (although only 12% required medical attention), and 60% knew someone killed, 

including 6% personally (14). Perhaps there is a perceived critical nature to head and eye 

injuries not related to limb injuries, that is much stronger if experienced oneself, or that the 

specific mechanism and nature of the injury is more important. Level of experience in the 

sport, age and sex have also been shown to be significant in snow sports, and also were so 

here (32). Snow sports are similar to this style of mountain biking in many respects, and it 

may be that similar factors are responsible, such as nature of individual activity, adrenaline, 

gravity-fuelled sports, and gradual acquisition of different pieces of equipment over time.  

 

The use of eye protection correlated particularly highly with rider experience (p=0.04), but 

also age (p=0.04). As discussed above, this may relate to presbyopia. Support for this is that 

age was associated with increased use of protective eyewear, while the other equipment 

scores were not. The importance of this finding may be reflected through a report of eye 

injuries in the United States which assessed their national database, and found that 58% of 

those with serious eye injuries were aged under 30 years (17). This emphasises that targeting 

younger riders, who are less likely to wear eyewear, is important. 
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Image 1: Examples of the 3 types of pedals: Flats on the left, clipped in the middle and 

clipless on the right. Image from http://www.johnstonefitness.com/wp-

content/uploads/2011/08/different-pedal-types.jpg 

 

Pedals 

 

Most (racing: n-167, 63.5%; non-racing: n=141, 53.6%) riders in this sample always use 

clipless pedals. The term “clipless” pedal is a little confusing, as it refers to pedals that use 

cleats to attach the shoe to the pedal. The adjective "clipless" was introduced to differentiate 

from the old “clipped” pedals. “Flats” are simple platform pedals. The different pedal types 

that are used by riders are shown in image 1). This is a potentially important finding as 

clipless pedal use has been associated with ankle injuries (such as Lisfranc, where the 

forefoot is held on the pedal injuring the Lisfranc joint), twisting injuries of the knee and  

also significant lacerations to the leg from the chain ring (38,39). The inclusion of a ‘float’ 

feature (which allows some rotation of the foot on the pedal, without unclipping), present in 

many modern clipless systems, may have reduced this risk (39). 

 

Beliefs and attitudes 

 

In the current study, very few riders believed that they had been saved, or had seen others 

saved, by protective equipment. This is surprising given the high frequency of injuries within 

the group, and the high volume of time spent riding (reflected by the reported experience 

levels). It may be therefore that the belief that protective equipment works is not based on 

recall of one or two specific event, but a more general experience. It is also possible riders 

may be ignorant of the null event (i.e. if a fall occurs and no injury occurs, it will likely be 

forgotten and the perception of a ‘saved injury’ does not occur). Despite the fact that most 

riders did not think that they had personally been protected from injury, high numbers 
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believed that protective equipment was effective (based on the individual question 

responses). This is similar to the findings of other studies. In a study on headgear in 15-year-

old rugby union players, even in the group who did not use it, only 7.1% may have believed 

that it didn’t work (36). Another example relates to the use of eyewear in squash. Despite the 

vast majority or players accepting that eye protection was effective, uptake was still very 

poor (40). The authors of this study felt this was due to poor availability of eyewear, and 

beliefs that did not favour its use. With commuter cycling helmets, 78% of respondents in 

one study agreed mandatory helmet use would reduce injuries and fatalities, but only 12% 

used helmets regularly (14). In New Zealand, mandatory helmet use was made law in 1994 

and following this, helmet use rose from around 30-40% to around 94% in 2015 (41). The 

recently reopened Christchurch Adventure Park, a chairlift assisted bike park, mandates 

helmets for all riders and recommends full face for progression. They suggest but do not 

mandate use of other equipment for adults, but for “young riders” require properly fitted full 

face helmet, gloves, covered arms and legs, leg armour, arm armour and solid shoes. 

Mandating within the confines of a private park or event is possible, although the proprietors 

will likely consider a balance between safety and discouraging clients. However, enforcing 

use outside of these areas would be practically impossible. 

 

There was no correlation between the use of protective equipment and ‘perceptions of harm’ 

or ‘danger and severity’. In contrast, there was a significant correlation with ‘perceptions of 

benefits’. Within harm, most answered at the negative end, with minimal distribution. This 

suggests that either it is truly not very well correlated, or that these particular questions may 

not have differentiated well enough between the respondents. Given the questions have been 

validated in another population (14), and that harm generally is generally poorly correlated 

with health-related behaviours (27), this is likely true. This is similar to previous research, 

which found that ‘friends and family’ cue was highest predictor of use, followed by 

‘emotional benefits’, while ‘Perceived exemption from harm’. ‘Safety benefits’ and 

‘perceived danger of cycling’ were lower (14). When developing a protective eyewear 

promotion for squash, Eime et al comment how an incentive (e.g. financial) has been shown 

to increase protective behaviours in cyclists and car drivers (40). This study therefore seems 

to be consistent with the trend seen in other studies of a higher correlation with positive 

aspects, and that participants were much more responsive to the possible benefits of using 

protective equipment, than to the possible risks of mountain biking.  
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The cost associated with protective equipment appears to be an important consideration in 

this group, with a higher perception of cost correlated with lower use (p=0.00). It 

differentiated well between those who use more or less equipment. This is in contrast to other 

studies, with mouth guard use in Australian football players only slightly influenced by cost 

(35) and only 14% of snowboarders feeling wrist guards too expensive (33). A small focus 

group study of snow sport helmet use found cost to be a minor barrier, although this was in 

adolescents (in contrast to this study population) who felt that head injury was unlikely 

compared to other injuries, with use determined by perceived difficulty of activity and peer 

use (42). The difference may be the relative cost of the equipment (mouth and wrist guards 

are relatively cheap, whilst helmets, particularly full-face, are more expensive), or it may be 

that when more than one piece is optional, the cumulative cost has greater influence. 

 

In this study, it is a little surprising that cost has such a high influence, given both the 

relatively high cost of entry to these races and the cost of the bikes usually ridden. A 

possibility is that riders chose to spend limited funds on a better bike, and race entry, with 

little left over for ‘optional’ protective equipment. This does identify a potential target for 

intervention, with a role for ACC or private health insurers to encourage use by effectively 

subsidising equipment. This has already been seen, for example with ACC encouraging 

primary prevention with use of wrist guards for snowboarders (in 2001, over 3 years. 

Unfortunately, no results from this intervention have been made available or published) or 

secondary with use of braces for ankle sprains. Therefore, in mountain biking, for example a 

voucher towards an upgrade to full-face helmet or new eyewear, circulated to club/race riders 

and enclosed with some information, might provide a very cost-effective intervention. As we 

have already discussed mountain biking is done at a social or recreational level. As a result 

less than 7.8% of the total recreational rider community is a member of any club (7).This 

might mean that it would be difficult to identify at risk participants and that the number of 

riders targeted would be small. Club members may however represent the most active and 

therefore highest injury risk. Investment in injury prevention programs has been proven to be 

effective in other sports. For example, the SoccerSmart program in NZ was based on the 

FIFA11 programme. It was delivered in by New Zealand Football in association with ACC. 

The programme was cost effective with $650,000 of investment and an estimated $5,331,000 

of savings, a return of 8.2 to 1 (43). 
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Comfort was also one of the key factors in the qualitative results that riders perceived to be 

an issue with compliance, and the comfort scale was correlated with general equipment use. 

These was no correlation with either full-face helmet use or eye protection. This suggests that  

riders are satisfied with the comfort of existing helmets and eyewear, but not other types of 

protection. This implies that the range of helmets and eyewear is probably satisfactory at 

present to allow suitable individual choices. Future research could be designed to assess 

issues with individual types, however it seems more likely the industry could drive the design 

of more comfortable equipment.  

 

The ‘media’ questions correlated poorly with all scales suggesting that there is a lack of 

publicity about both injury prevention and the use or protective equipment in mountain-

biking. The reported exposure to messages about protective equipment in the media was very 

low, with most riders reporting no recollection of adverts or advice regarding safety 

equipment. Despite the high reported rates of injury, few (19.4%) had been advised to use 

protective equipment by a healthcare professional. This might reflect lack of use of services, 

or a true lack of advice. In either case it is clear that this message is not getting through to the 

user and more work appears to be needed in this area.  This data is particularly important for 

the implications of administering a campaign to increase the uptake of equipment. Most 

responses to these questions indicated that no pro-equipment media had been seen within the 

year, indicating that there is likely poor penetration of any existing campaigns.  

 

Media based interventions are often a key method of educating target populations about 

injury prevention. For example, a review of 13 years of ACL injury prevention program in 

Norwegian female handball showed an initial reduction in incidence from baseline 0.48 

injuries per team per season to 0.33 after 2 seasons (44). They initially used coaches to 

implement their program but changed to physical therapists after initial poor compliance. 

Also, when they ceased promoting the program, within 4-5 years the injury incidence 

returned to at least as high as previously. A large study was then published confirming the 

reduction of risk, and was featured in the sport’s national magazine (circulated to all 

members), as well as receiving other media attention. Following this the rate dropped around 

twice as much as with the initial promotion.  

 

There is also a lot of research done on the effectiveness of media interventions for other 

health benefit outcomes. A 2017 Cochrane review found mass media interventions for 
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smoking cessation to be effective (45). Also notable is a systematic review that found media 

programs combined with circulation of free or reduced-price products were effective (they 

quote a median increase in product use of 8.4% for example condoms and smoking cessation) 

(46). It is possible that distributing protective equipment to riders (alongside a media 

programme), or providing this equipment at a subsidised rate, might be cost effective. In road 

cycling helmet use, Karkhaneh et al (in reviewing the influence of legislating use) quote NZ 

figures of increasing use from 11% to 59% over 5 years (pre-legislation) following 

promotional and educational activities. In Australia, an 8-year promotional intervention 

increased use 30% (although legislation the following year produced a further 37% in one 

year) (47). 

 

These studies emphasise the importance both of effective communication regarding the 

benefits to the target audience, and of the need for ongoing reinforcement. This study shows 

that current level of exposure is low and therefore a well-communicated program, potentially 

involving a discount on protective equipment, would be expected to prove effective. In this 

study, the correlation between equipment use and media appears to be poor. This might 

suggest that media based interventions in this sport as yet at least have been ineffective; 

however, given the exposure to media was very low, statistical power is low. However, it 

seems to suggest that an education program is likely to be of benefit for riders in general, and 

a specific benefit may be gained from educating primary care doctors of injury prevention 

practices. 

 

Directly comparing the importance of attitudes found in this study to those in student helmet 

use, they reported significant correlations in “Perceived Exemption from Harm”, “Perceived 

Severity”, “Emotional Benefits”, “Safety Benefits”, “Cost Barriers”, “Personal Vanity and 

Discomfort Barriers”, “Friends and Family”, “Parental Rules in Childhood”; and no 

correlation with “Perceived Danger of Cycling” or “Media Influences”. Thus, their results 

were strongly different for Harm and Severity, but the same for Benefits, Cost, Cues, Danger 

and Media (and similar for Comfort). These differences may reflect the different populations 

outlined above, or more likely the different motivation for the activity. Commuting is a 

necessary task, whilst mountain biking is a leisure time activity. People may therefore be 

accepting of the risk of ‘harm’, and even ‘severe’ injury for a leisure activity but not for a 

work task when there are other options. Commuting may also involve meeting peers and 

attending other activities, increasing vanity and comfort considerations. Parental rules are a 
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more recent influence for students, compared to the population of this study. Also in contrast 

to this study, they only looked at helmets. While both activities occur on bikes the risks 

associated with each activity, in terms of actual injury events, by comparison may be quite 

different. Major commuter injuries often involve a motor vehicle, whilst mountain biking 

injuries usually involve impacts with the ground or other stationary objects such as trees. 

Both studies assessed volume of activity. In their sample, about half of the participants (53%) 

only rode a few times per year; compared to this study where most were riding several times 

each week. Their analysis was simpler, in that they had a binary outcome of helmet use or 

not; this was felt too simplistic for this study to reflect the variability between circumstances 

(i.e. commuting involves travelling the same route repeatedly, whilst mountain biking 

typically varies widely from ride to ride). 

 

Developing an injury prevention intervention for mountain biking 

 

Injury prevention programmes and interventions have worked in other sports, and a 

programme in mountain biking appears feasible. Following the ‘van Mechelen’ approach 

(outlined in the literature review) a sequence of events for developing a sports injuries 

prevention model can be developed (49). These are: 

• establish the extent of the problem; 

• establish aetiology and mechanisms of injury;  

• introduce preventive measures; 

• finally assess their effectiveness. 

 

Finch then expanded on this, as shown below in table 25. The key reasons for this were to 

assist researchers to move past the second stage and direct research that would directly 

prevent injuries, and then to address implementation issues. 

  



	 88	

 

Table	25:	Extract	from	Finch’s	paper	on	TRIPP	(Translating	Research	into	Injury	Prevention	

Practice)	framework,	detailing	the		requirements	for	injury	prevention	(50)	

a)	a	detailed	understanding	of	the	aetiology	of	injuries	

b)	development	of	interventions	to	directly	address	the	identified	mechanisms	of	injury	

c)	formal	testing	of	these	interventions	under	controlled	conditions	(i.e.	efficacy	research)	

d)	understanding	of	the	sporting	and	individual	athlete	behaviours	context	in	which	the	

interventions	are	to	be	implemented	

e)	potential	modification	of	interventions	to	take	this	implementation	context	into	

account	

f)	assessment	of	potential	factors	associated	with	the	real-world	introduction	and	

application	of	safety	measures	and	development	of	implementation	strategies	to	

accompany	the	real-world	“roll-out”	of	the	interventions	

g)	formal	evaluation	of	the	effectiveness	of	injury	prevention	measures	within	the	

implementation	context	

 

Donaldson (along with Finch) recently published a generalizable process for developing 

sports injury prevention interventions, describing the six steps in table 26 that expand on the 

third component of van Mechelen’s process and stages (d) to (g) of the TRIPP (51). This was 

based on an example of their application of the TRIPP to lower limb injuries in Australian 

football. 

 

Table	26:	Extract	from	Donaldson’s	paper	on	developing	sports	injury	prevention	

interventions	(51)	

Step	1:	Use	the	research	evidence	and	clinical	experience	

Step	2:	Consult	the	experts	

Step	3:	Engage	the	end	users	

Step	4:	Test	the	intervention	

Step	5:	Evaluate	against	theory	

Step	6:	Obtain	feedback	from	early	implementers	
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This study equates with stage (d) of the TRIPP, or steps 1 and 2 of Donaldson’s plan. 

Therefore, the next steps in this process are to design a prevention program, implement it and 

then assess its efficacy. 

 

As per Donaldson’s plan, a strategy might start by forming a focus group with riders and 

event managers to discuss the prior evidence and data from this study, to consider methods of 

administering a program.  

 

Particular factors from this study to discuss might include the following: 

1) The psychological factors that are likely to increase uptake are Benefits and Cues 

(specifically friends and family). Levering off this is more likely to be effective than 

other prompts, for example how bad an injury might be. This is also likely to be more 

palatable to the race directors and industry. 

2) Cost in a big contributor to some riders’ decision making. It is harder to directly 

influence, given the nature of an individual purchasing the equipment from a private 

company. However, insurance companies (and in NZ specifically, ACC) might 

potentially offer a financial incentive: In the past, they have provided wrist guards for 

snowboarders, and they currently fund orthotics if a person has suffered a related 

injury. 

3) Increasing rider skill and overall experience levels would likely help, but it might 

require more extensive resources to provide training. There are comparable primary 

prevention programs funded by ACC, such as the falls prevention program for the 

elderly (52), or FIFA 11-plus for ACL ruptures, but these are targeted to specific 

groups at high risk of a specific, relatively high cost injury. 

4) Providing experience of a personal or witnessed injury might increase equipment use, 

as this study confirms a correlation (p=0.013). Practically this might involve showing 

videos of injuries: A systematic review and meta-analysis in 2013 by Leppänen et al 

found 3 such studies, with only one being successful (53). Anyhow the increasing 

popularity of the sport does mean events are increasingly televised or available online, 

and along with personal filming and social media it may be more likely riders will be 

exposed to videos of crashes. However, these may often be dissociated with the actual 

outcomes, or specifically sanitised for those not resulting in injury. The increasingly 

professional component of the sport also provides an insight into injury for those 

riders motivated to follow specific athletes, who might require time off the sport.  
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Encouraging the professionals to use and endorse appropriate equipment might also 

have a peer-type effect on uptake, particularly in younger riders. A memorable 

example of this was the use of a plastic face mask by Kobe Bryant and LeBron James 

removing stigma and triggering an interest amongst high school and collegiate 

basketballers (54). 

5) Eyewear was used less frequently by younger riders, who may be at higher risk of eye 

injuries, therefore an intervention to increase this specific component might be of 

particularly high value. As above, they might be expected to respond better to a social 

media campaign championed by a well-known professional. 

6) Targeting riders in their 30-40s might provide the largest cost/benefit from a financial 

perspective. They might be better targeted by a club based intervention, pushing the 

benefits relative to family. 

7) Emphasising the benefit of full-face helmets over standard: Previous evidence 

suggests this but many riders did not fully agree. Given the relatively high cost of a 

head injury, this would be worthwhile. 

8) Encouraging manufacturers to design more comfortable equipment, offer trials and 

provide data on its efficacy, would likely be useful. 

 

From the other research discussed in this portfolio, factors might include: 

1) Mandating use of certain equipment at events. Although clearly going to increase 

compliance in those competing, there would likely be concern from the race directors 

about reduced participation. While this has not been proven to be the case with 

commuter cycle helmets, it has been a strong concern with many and while 

commuting is a required activity, racing is voluntary and therefore the threshold may 

be lower. Some races have recently mandated the use of full face helmets (48), 

although none of those surveyed in this study had. Riders may have a higher injury 

risk when racing, making races a key target. 

2) Providing good information on the technical challenges of individual trails (e.g. 

online, perhaps with video guidance) might provide riders a chance to view the trail 

beforehand, allowing better judgement around suitability for their skill level. 

3) Mechanical checks for the bikes pre-race: Mechanical failure is a known cause of 

injury (25,55), and is relatively easy to implement pre-event. Encouraging 

recreational riders to check their bikes, and educating them on how to do this, is also 

possible. 
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4) Focusing marketing of individual events or races to appropriately skilled riders, and 

providing enough details of skill level required, might avoid having inadequately 

prepared riders get injured, as trail surface has been implicated in injuries (55). Also 

avoiding having a wide mix of skill levels on the course together might be of benefit 

(25). 

5) Providing guidance to race directors on factors for race abandonment, for example 

with inclement weather or high temperature: These factors have been suggested as 

causes for injury, particularly in longer or adventure format races (11,13,56). Other 

sports have adopted pre-determined limits, for example based on a wet bulb/globe 

temperature (57). Although these have limitations they might provide a good base and 

encouraging directors to consider this and have fixed limits, prior to the event, would 

be sensible. 

 

Once discussed, an agreement and plan might be made around delivering the program. As 

mentioned above, social/online media might be a particularly good way to target younger 

riders, whilst clubs might offer an additional route to older ones. Events offer a captive 

population. Medical facilities near popular riding areas might be involved. A professional 

rider might be the face of the campaign. Local clubs could offer skills and first aid sessions to 

riders, or local guides/shuttle drivers could be trained to higher levels of first aid 

qualifications and provided with equipment. The sponsoring of essentially a local ambulance 

in Rotorua is proving very successful there, but the large number of riders in a relatively 

small, confined area makes it cost effective: This is likely of limited practical use most other 

places, although certain localities might be suitable (e.g. Wellington and Christchurch hills – 

large riding networks near large population centres). 

 

Following an intervention, efficacy should be assessed. At a national level, the ACC statistics 

provide a valuable start point. However due to the wide catchment of injuries, any 

intervention effect in a sub-population might have to be large to reach detectable 

significance. A more sensible approach might be to measure the specific rate and pattern of 

injury in a particular group, such as a club, then provide the intervention and reassess a year 

later. Any injury reduction could then be extrapolated to other similar groups, or the 

intervention modified by feedback, before reassessing.  
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Further research 

 

More research regarding the efficacy of each item of protective equipment would be useful. 

There is currently very little good quality evidence related to the efficacy of these. A small, 

captive, homogenous population, such as a bike park, might be a good setting and not so 

impractical, with high numbers and fewer variables. Randomisation might even be possible. 

This would add more weight to the outcomes of this and other similar studies looking at the 

psychological aspects to equipment choice. 

 

Further studies assessing the psychological aspects of risk taking and protective equipment 

use in sports would also be valuable, but is very open ended in terms of volume and depth. 

With the ever-increasing variety of sports and numbers participating, this is difficult. 

Attitudes and practices also change with time. Work regarding the optimal delivery methods 

and implementation strategies to best target this particular population, would also be good. 

 

The ultimately goal would be to develop and implement a practical, evidence-based injury 

prevention programme. The effectiveness of the programme would ideally be tested in a 

randomised controlled trial. If so, the effect of this intervention would ultimately justify and 

validate the value of this particular research. 

 

 2.4.2 Strengths and limitations 

 

Questionnaire 
	

A potential weakness relates to the questionnaire used and the method used to summate it 

into scales. This process has not been validated. However, the very sport-specific questions, 

limited previous research and limited size of the study, make this difficult to resolve. Using a 

questionnaire format that is very similar to a previously used one that was validated, does 

support the results of this study and allows a meaningful comparison to be made. Also, 

inherent to predominately quantitative data, results regarding correlation are useful but there 

is no insight into reasoning, which requires qualitative research. It is possible that major 

factors of more significance (if not identified from the psychological models, previous studies 

and brief qualitative final questions) might not have been assessed. However, the themes 

identified in the qualitative questions are well contained by the quantitative questions, and 
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therefore support the use of the main questionnaire; there are no obvious deficiencies. It 

should however be noted that the free text questions were at the end of the questionnaire, so it 

is likely that participants would be influenced and more likely to comment on the topics 

raised, so attributing excessive meaning to the quantity of themed responses should be 

avoided. 

 

The estimated minimum response rate was 26%. A higher rate would have clearly have been 

desirable. The questionnaire was designed to expect several hundred responses to enable 

probability calculations to be performed with enough numbers. The survey web page used 

recorded that 300 people started the questionnaire but only 263 completed it. As a result, 37 

respondents closed the form before finalising it (responder fatigue), i.e. 88% completed the 

whole form. A meta-analysis that investigated completion rates, found that a single invitation 

email questionnaires should expect a response rate of 25-30% (58). The same study 

suggested that a reminder might potentially double this, although their assessment found 

39.6% was the mean. A repeat invitation would have likely increased the uptake in this study, 

but might also have dis-incentivised the race directors to participate (one of them did express 

concern about irritating his clients when discussing the survey to obtain consent), and the 

numbers gained after one cycle were deemed sufficient for statistical assessment. It might 

have been better to invite participants directly from the researchers, but this would have 

created privacy issues with the race directors not able to provide details without specific 

individual consent. It is known that a number of factors contribute to a good response rate 

(59). In general, providing a financial incentive, keeping questionnaires short and simple, 

personalising the invite, sending it from a university and making it easy for people to 

respond, all help with response rates (60). In this study, a reasonable financial incentive was 

provided. Higher value might have again produced a greater response rate.  

 

The questionnaires were relatively short and straightforward, with essentially multiple-choice 

questions rather than novel responses required. The questionnaire was trialled pre-

implementation (by the author and two other local riders, completing it as per the study 

protocol), taking 10-15 minutes to complete, which was felt an acceptable balance between 

response likelihood and data collection. An 88% completion rate suggests the balance was 

good, although when incomplete questionnaires are assessed, most dropouts occurred within 

the first few pages rather than further through. This is in keeping with a study by Galesic et al 

in 2009 that assessed response rates relative to indicated length of questionnaire (61). They 
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compared an advertised 10 minutes, 20 minutes or 30 minutes questionnaire and found most 

dropouts occurred in the demographic screener questions (completion of this stage only 

59.1% in 10 minutes to 52.6% in 30 minute) with a completion rate of 73.5% if they passed 

this stage. In terms of specific procedural limitations, no reasons for withdrawal were 

collected but presumably the 10 to 15 minutes timeframe for completion of the questionnaire 

proved unsatisfactory to these respondents. The response rate of 26% was acceptable for this 

sort of study, but is indeed a limitation to the validity of applying the results to the whole 

population, whom any intervention might target. In particular, with cost playing such a large 

part in people’s decision making, using a cohort who might inherently be more financially 

well off could produce biased results. Assessing a larger group would require more resources, 

and recruiting from a poorly defined recreational group would need a different recruitment 

approach and might still be prone to selection bias. It may be presumed that those with more 

financial means both ride more frequently and cost more in terms of ACC entitlement claims, 

therefore this study might target those higher risk exposure riders anyway. Also in support of 

this study’s generalisability, the demographic data collected compares well with other studies 

of the whole population such as the Sport NZ survey (7). 

 

There were very limited responses on the questionnaire feedback. These included:  

• A comment from a (presumably) healthcare professional positively commenting on 

the use of a behavioural model; 

• another on the research topic being interesting and close to their own Master’s degree 

research topic; 

• Three comments were received concerned about the content of the questionnaire 

being either poorly presented or irrelevant (these would hopefully be addressed by 

reading this full research portfolio and understanding the decisions made); 

• a final comment suggested that perhaps engaging a marketing researcher from 

business would be useful in identifying key targets.  
	

Interest 

 

Interest in this study seems to have been relatively high among race directors and race 

participants. The response rate from the race directors was 75% (6 of 8), with all of those 

who responded to the initial invitation having agreed to participate. Three of the six directors 

wished to discuss the study with the researcher, mainly to offer their own insights and advice 
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although one wanted to clarify what was involved before agreeing to participate. Also, 

although 6 agreed to participate, it appears only 5 ultimately circulated the questionnaire 

(implied by a very low response rate to a particular race compared to the others). These race 

directors represent a key part of the culture of mountain biking as they set the rules for their 

races and therefore the expectations about safety equipment. Resistance from the race 

directors would make it very hard to implement an effective injury prevention strategy based 

on protective equipment, for racing at least. The race directors want to sell race entries, not 

equipment, however they have an interest in presenting a safe appearance of the sport to their 

clients and the outside world, in order to maintain and grow their business. The high level of 

response may be seen as a good indicator of their general interest in this work (although 

interest in a questionnaire does not necessarily equate to interest in assisting an intervention). 

Cooperation is not always given among sporting administrators. In 2014, Hanson et al 

published an editorial in the BJSM discussing the apparent ‘research-to-practice’ gap in 

sports injury prevention, making the case that although the research is often done to show 

what should be done, there is not enough focus on the practicalities of what can be done and 

how it should be done (62). Following on from this research, a recent study from some of the 

same authors assessed the ecological system for the key program adopters in a community 

Australian football injury prevention program (51). They concluded that coaches were the 

primary implementers and therefore key target for intervention. In the context of this setting, 

however, there are no coaches and so the role of key event organisers might fulfil this role.   

 

A further potential indicator of interest in this research is evident in the rate of request for 

results from participants (73.8%). There is much recent research around the ethical 

considerations of returning individual results of participants in studies, particularly with 

respect to genetic tests in cancer. Note that anonymity was maintained in this study with only 

email addresses supplied by the participants if a write up was requested, and this was split 

from the questionnaire responses at time of collection. A review in 2008 found that up to 

90% of participants in such research wanted to know the results (63). However, these were all 

studies in which there were direct implications for the health of the individual participant. 

Rates of interest without direct individual health implication might be expected to be lower. 

Given the overall response rate of 26.3%, 73.8% request for information suggests that 19.4% 

of all racers were interested in what they perceived the study to be about (they answered this 

question prior to completing the survey), and is a significant starting point for intervention. 
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There was a financial incentive to complete the study, but they did not need to request the 

results for this. 

 

Future applicability of this research 

 

This study assesses the use of current-day equipment. This is continually being updated and 

evolved, therefore it may be expected that use and attitudes might change in response to this. 

However as long as this research is viewed in the current context, this is an acceptable 

limitation. 
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 2.4.3 Conclusions 

 

This is one of the first studies to look at a wide variety of types of protective equipment, not 

just focusing on helmets. It also appears to be the first to differentiate between full-face and 

standard helmet use. This is particularly important given the additional level of protection 

afforded by the former. 

 

The table 27 below highlights some key points from this study. 

 

This is a small scale, but useful study providing direct information about a specific group, 

which adds to the overall scientific data on injury prevention in sport, particularly the 

psychology of such. 

 

It has some procedural limitations, some inherent of this type of research and some of the 

specific set up and setting as Master’s research portfolio, but overall should be taken in 

context. 

 

The hypothesis was: “Mountain bike riders will have a low uptake of protective equipment 

despite high levels of injuries. Their attitudes towards protective equipment will determine 

their choice whether to use it or not.” Both parts of this have been answered in the affirmative 

by this research. 

 

Table	27:	Key	points	from	this	research	

What	is	already	known	 What	this	study	adds	

Helmets	and	eyewear	reduce	injuries	 Full-face	helmets	and	other	protective	

equipment	types	are	not	always	used	

The	causes	of	crashes	are	multifactorial	 Benefits,	costs,	cues,	skill	and	experience	

level,	and	personal	injury	experience	are	

key	determinants	of	use.	Older	riders	are	

also	more	likely	to	use	eyewear	

Mountain	biking	injuries	are	a	significant	

cost	to	health	and	financially	

Interest	in	injury	prevention	is	high	in	riders	

and	race	directors	
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With the results of this study and previous research, it is possible to commence discussion on 

an injury prevention program for mountain biking. 
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Appendix I: Research Proposal 
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Appendix II: Email to race directors 
 

  

 
Hi, 
 
My name is Dr Chris Pratt and I am doing some research aimed at reducing injury severity 
and rates in mountain bikers. I’m a sports medicine doctor and a keen mountain biker 
myself. I’m doing a Masters level project looking at practices and attitudes to use of 
protective equipment in riders who race the enduro format. As such I’d appreciate your help 
in inviting your race participants to complete a brief questionnaire (which will take them 
around 10-15 mins). 
 
I’ve attached an information sheet and consent form (can just be completed in word and 
sent back electronically). 
 
If you are happy to take part, we suggest using the following introduction, and attaching 
the participant information sheet: 
 
“As race director I’ve been asked to email you the attached information about a research 
study, which is trying to make mountain biking safer. It’s being done by a sports doctor, 
who is a keen mountain biker. It should take you around 10-15 minutes, is confidential, 
and you go into a drawer to win one of two $100 vouchers for Torpedo 7 (or alternative 
if preferred). If you love this sport, and want to help it progress, then we’d appreciate 
your help. 
The link to the questionnaire is https://www.surveymonkey.com/r/CQCZDX6 
 
 
Please feel free to contact me if you have any queries, questions or thoughts! 
 
Thanks, 
Dr Chris Pratt 
02102577175 
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Appendix III: Race Director Information Sheet 
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Appendix IV: Race Director Consent Form 
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Appendix V: Participant Information Sheet 
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Appendix VI: Participant Consent Form 
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Appendix VII: Questionnaire 
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Abstract 
 
Authors: Dr Christopher F Pratt, Dr Mark L Fulcher 

 

Title: Practices and attitudes of mountain bikers towards the use of protective equipment. 

 

Aim: The primary aims were to assess the attitudes of mountain bikers to the use of 

protective equipment, to quantify the rates of use of protective equipment in this group and 

the explore attitudes about the use of this equipment. 

 

Methods: A prospective cohort study was conducted. An online questionnaire assessed use of 

different types of equipment, and the rider’s attitudes towards these. The responses for each 

rider were evaluated under various theme domains and correlated with their reported 

equipment use under 4 categories (full-face helmet, eyewear, other equipment and total).  

 

Results: 263 questionnaires were completed. 55% had experienced an injury requiring a week 

off work. 41% had ongoing symptoms from a previous injury. Equipment use during racing 

and non-racing was similar. Standard helmets were used more than full face. 36.9% used 

eyewear most of the time. Glove use was high at 89%, and kneepads at 74%. Elbow pads are 

used infrequently with 61% never using them, and body armour use was very low (never 

used by 87.8%). Perceptions of benefits, barriers and potential injury severity proved to be 

most well correlated with equipment use. 

 

Conclusion: Use of full-face helmets was relatively low; eyewear was also only moderate. 

The current study confirms that time off work and morbidity from injuries is high and use of 

full-face helmets and eyewear could be increased. Interventions to increase use should focus 

on the benefits of protective equipment and possible severity of injuries, in order to be most 

effective.   
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Introduction 

 

8.8% of New Zealanders participate in mountain biking. Statistics from the Accident 

Compensation Corporation (ACC), a national insurance scheme show that the incidence of 

injury is increasing rapidly (1,2). In 2016 soft tissue injuries alone cost $5,838,023 with total 

costs of $14.8m. The most common injury group is 35-39 year olds, and most costly 40-44 

year olds. The incidence of injury in mountain bike racing and other specific disciplines has 

been documented (3–6). They have been shown to suffer more facial injuries than road 

bikers, and lots of soft tissue injuries (7,8).  

 

In mountain biking, body armour, clip-in pedals, full suspension bikes and helmets have been 

shown to help reduce the risk of injury (8,9). Lower limb armour is associated with fewer 

lower injuries (10). Expert opinion recommends helmets with facial protection, padded 

gloves, shorts and shin protection (8). In road cycling, helmets reduce head injuries in motor 

vehicle accidents by 63-88% (11). Enduro races consist of several stages with untimed 

ascents but timed descents, which are totalled. It was developed to match daily trail riding 

with friends, and as such may provide a sample of the recreational riding population. 

 

Equipment has been shown to reduce injury in other sports as well. In motorcycling, various 

pieces have been shown effective (12) and in motocross and ice hockey, full face helmets are 

significantly better than standard helmets (13,14). Eyewear protects against eye injuries (15). 

Attitudes to equipment have been studied in other sports: In equestrian sports, attitudes to 

products and use by peers was important (16). In under 15s rugby union, safety factors and 

previous injury encouraged headgear use and discomfort was a barrier (17). Australian Rules 

Football players were motivated to use headgear and mouthguards by injury prevention, but 

discouraged by comfort and cost (18). In snow sports, age and sex predicts helmet use 

(children and men more likely) along with higher experience, past major crash, lessons and 

location of activity (19). Wrist guard use showed no correlation with gender, previous wrist 

injury or experience level; reasons for non-use were discomfort, fear of more significant 

injury and cost (20).  

 

This aim of the current research was to quantitatively assess the usage rates of protective 

equipment in ‘enduro’ mountain bikers. A secondary aim was to understand the reasons 

behind the decision to use this type of equipment (or not).  
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Methods 

  

This was a prospective cross-sectional cohort questionnaire study. The questionnaire used 

was adapted from one applied to helmet use in student cyclists (21). 

 

Potential participants were identified through their participation in the New Zealand (NZ) 

Enduro Crown (a national title) during the 2016/17 season. No riders were excluded. Race 

directors were asked invite their entrants by email. Riders were then directed electronically to 

the questionnaire, which included confirming consent. The questionnaire was expected to 

take between 10 and 15 minutes.  

 

Quantification of equipment use was performed using simple descriptive statistics, 

characterising the use of various types of equipment when racing, and when not racing. 

 

Analysis of correlations between equipment use and attitudes was completed using SPSS 

(IBM SPSS Statistics, Version 24.0.0.1, IBM 2016). Spearman’s rho test was used to assess 

for correlation between each input variable and outcome target. 

 

The list of variables is shown in table 1. 

 

The input variables were derived from Likert scales, converted into numerical values. 

Following this, a scale within each domain was created by simple summation of the Likert 

values. The target variables were designed to provide a measure of the safety habits of the 

respondents regarding equipment use. Given the differential in effectiveness, full-face 

helmets and goggles were weighted double compared with standard helmets and sunglasses 

respectively. The race and non-race habits were combined with equal weighting.  

 

Ethical approval was obtained from the University of Auckland human ethics committee 

(reference 018487).  
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Table 1: input and outcome variables 

INPUT VARIABLE 

SCALES 

OUTCOME/ TARGET 

VARIABLE SCALES 

Age Helmet Use 

Rider Skill & Experience Eyewear 

Personal Experience* Other Equipment 

Harm* Overall Total 

Danger*  

Severity*  

Benefits*  

Comfort*  

Costs*  

Cues*  

Media*  

*Score from psychometric part of questionnaire 
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Results 

 

Six race directors consented to participate (75% participation rate), circulating the invitation 

to approximately 1000 potential participants (estimated from race entry figures). A total of 

263 questionnaires were completed (response rate to completion of 26.3%). Data from 37 

(12.3%) incomplete surveys was not included in the analysis.  

 

There were 224 male and 39 female participants (a ratio of nearly 6:1). The majority (n=x, 

73.8%) were NZ European. Age data is displayed in table 2. 

 

Table 2: Age demographics 

Age Number of participants Percentage (%) 

18-25 51 19.4 

26-35 67 25.5 

36-45 86 32.7 

46-55 52 19.8 

Over 56 7 2.7 

 

More than half of participants (54.8%, n=144) had experienced an injury requiring a week off 

work, and 19.8% (n=52) responded that they had one requiring a month or more off 

work,(shown in table 3). 

 

Similar rates of equipment use were reported in racing and non-racing. The vast majority of 

riders (91.6%, n=241) always rode full suspension bikes for racing. Nearly two thirds 

(61.2%, n=161) always rode full suspension for non-racing. 

 

A small number (7.2%, n=19) always used a full-face helmet for racing, with even fewer 

(1.1%, n=3) always using one non-racing. The number of riders never using a full-face 

helmet was similar racing and non-racing (35.7%, n=94; and 38.7%, n=102 respectively). 

  

Around a fifth (17.5%, n=46) always used eye protection (either goggles or sunglasses), but a 

similar proportion (14.4%, n=38) were never using it.  
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Table 3: Injury experience  

Injury Experiences Yes No Not sure 

Week or more off work due to 

mountain biking injury 

144 (54.8%) 114 (43.3%) 5 (1.9%) 

Month or more off work due to 

mountain biking injury 

52 (19.8%) 

 

209 (79.5%) 2 (0.8%) 

Ongoing symptoms from a 

mountain biking injury 

108 (41.1%) 143 (54.4%) 12 (4.6%) 

Seen a nasty crash 34 (12.9%) 225 (85.6%) 4 (1.5%) 

Personally saved by gear 30 (11.4%) 215 (81.7%) 18 (6.8%) 

Seen someone else saved by gear 27 (10.2%) 210 (79.8%) 26 (9.9%) 

 

 

Glove use was high, with 89.4% (n=235) always or mostly using them whilst racing and 

85.6% (n=225) when not racing. The use of kneepads was moderately high, with 74.1% 

(n=195) always or mostly using them racing, although reducing to 46.4% (n=122) for non-

racing. Elbow pad use was low, with 61.2% (n=161) never using them racing and 66.1% 

(n=174) never using them non-racing. Body armor was never used racing by 91.6% (n=241) 

of participants and non-racing 87.8% (n=231). 

 

51.0%, (n=134) of respondents did not believe a full-face helmet definitely offered more 

protection than a standard, although only 1.9% (n=5) disagreed. 64.6% (n=170) disagreed 

that wearing a helmet increased chances of injuring the neck, leaving 35.4% (n=93) who at 

least slightly agreed or more.  

 

Analysis of the correlations between the different scales and equipment use scales is shown 

in table 4 below.  
	

The Injury Experience scale correlated well with helmet, eyewear and overall use, but not 

other equipment, as did the Rider Skill and Experience scale (i.e. more skilled, more 

experienced respondents).  

Costs proved to be a good differentiator. Questions about cost correlated with helmet, 

Equipment and Overall use despite most people responding at the Disagree end of the 
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spectrum for most questions. Conversely, the Cues questions were also very well correlated 

with Helmet, Equipment and Overall, but received a much more uniform spread of answers 

across all questions. 

The Benefits scale didn’t correlate with Eyewear, but did correlate with Helmet, Equipment 

and Overall score. 

Comfort questions were only significant for ‘other Equipment’ and not for Eyewear or 

Helmets. 

Severity only correlated with Eyewear use (p=0.01). As age is also well correlated with 

eyewear use, this may be a confounding factor in this analysis, as this correlated well with 

Eyewear and Equipment scales.  

Harm, Danger and Media were poorly correlated.  
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Table 4: Correlations 

Domain Scale  Helmets Eyewear Equipment Overall 

Injury 

Experiences 

Correlation Coefficient .127* .238** -0.022 .153* 

 Sig. (2-tailed) 0.04 0 0.723 0.013 

Harm Correlation Coefficient 0.059 -0.012 0.056 0.045 

 Sig. (2-tailed) 0.341 0.848 0.365 0.472 

Danger Correlation Coefficient 0.001 0.027 0.046 0.054 

 Sig. (2-tailed) 0.983 0.661 0.46 0.384 

Severity Correlation Coefficient -0.023 -.158* 0.001 -0.07 

 Sig. (2-tailed) 0.71 0.01 0.99 0.248 

Benefits Correlation Coefficient .131* 0.091 .304** .260** 

 Sig. (2-tailed) 0.034 0.142 0 0 

Comfort Correlation Coefficient 0.066 -0.073 .187** 0.1 

 Sig. (2-tailed) 0.283 0.239 0.002 0.106 

Costs Correlation Coefficient .128* 0.099 .339** .254** 

 Sig. (2-tailed) 0.038 0.109 0 0 

Cues Correlation Coefficient .164** 0.038 .306** .223** 

 Sig. (2-tailed) 0.008 0.538 0 0 

Media Correlation Coefficient 0.064 0.086 0.017 0.07 

 Sig. (2-tailed) 0.3 0.164 0.78 0.259 

Age Correlation Coefficient -0.076 -.125* .265** 0.052 

 Sig. (2-tailed) 0.218 0.043 0 0.398 

Rider Skill & 

Experience 

Correlation Coefficient .153* .178** -0.023 .138* 

 Sig. (2-tailed) 0.013 0.004 0.71 0.026 

* Correlation is significant at the 0.05 level (2-tailed). 

** Correlation is significant at the 0.01 level (2-tailed). 
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Discussion 

 

This is the first study that has investigated injury prevention beliefs in a population of enduro 

mountain bike riders. It provides data on a novel population in a growing sport, competition, 

and topic area. The study population differed from previously reported data. While age 

compare favourably with ACC injury statistics, and recreational riding figures from Sport NZ 

(1). Compared with existing data the sample in the current study have 2-3 times as many men 

(6:1). As a result, this study likely over-represents what is considered to be a higher risk 

group. An excess of men in races has been found in other studies, and felt to relate to club 

membership (21). This factor may be important when considering how to target an injury 

prevention program.  

 

A very high number of respondents had received injuries requiring extensive time off work, 

and were riding while injured. This is similar to the rate, in student cyclists, of around 75% 

reporting previous injury (21), and confirms the need for work in injury prevention. Low 

numbers reported having seen a nasty crash, and that either they or others had been saved by 

protective gear. This is quite low considering the amount of injuries reported. It may reflect 

that riders often do not directly witness crashes. The high number of positive answers might 

also support a concern regarding response bias. It does suggest videos of injuries, as 

previously used in other sports to variable effect (22), might be a potential intervention. 

Despite low reports of being saved from injury by their gear, high numbers believed that 

protective equipment was effective. This is similar to the findings of other studies. In 15-

year-old rugby union players, even in the group who did not use headgear, only 7.1% may 

have believed that it didn’t work (17). In squash, despite the vast majority or players 

accepting that eye protection was effective, uptake was still very poor (23).  

 

In this sample, the more skilled and experienced riders (based on self-reported scales) were 

more likely to use protective equipment (p=0.026), especially helmets (p=0.013) and eyewear 

(p=0.004). The results of previous studies on participant experience have been conflicting. In 

handball players, elite player showed increased compliance with an ACL injury prevention 

program (24). In elite football players, compliance with a validated hamstring injury 

prevention program was very poor at only 16.7% (25). 11 of 33 UEFA Elite Club teams 

reporting that no players at all adhering to hamstring injury prevention programs (26), and 

overall there is only 13% compliance with the FIFA 11+ (27). Reasons for non-compliance 
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included muscle soreness and effects on competition play, a lack of believe in the 

effectiveness of the programme or concerned about incurring an injury (26). Previous studies 

in mountain biking have reported a higher incidence of injury amongst experienced riders, 

and 4 times higher during racing (28), although another author suggests that during adventure 

racing featuring mountain biking, inexperience may contribute (29). This study may therefore 

reflect the higher injury rate with experience and during racing within this selective 

population. Riding experience and increased age may be associated factors, as skill-based 

experience is cumulative (in comparison to fitness based level of competence). Older may 

also translate to more time to collect (and therefore use) equipment. Older riders may have 

stronger family cues, also correlated very well with equipment use (p=0.00). Eye protection 

also correlated particularly highly with rider experience (p=0.04), which may have age as a 

cofounder: Older riders may have increased presbyopia, therefore wearing glasses for acuity 

rather than protection. A United States report found 58% of those with serious eye injuries 

were under 30 years, emphasizing that targeting younger riders may be important (30).  

 

Injury experience correlated with eyewear and helmet use. There was no significant 

correlation with other types of equipment. This is similar to the findings that previous crashes 

in snow sports participants increased helmet use (19), but not wrist guards in snowboarders 

(20). It may be that saving from an eye or head injury is influencing, whilst limb injuries are 

not. Level of experience in the sport, age and sex have also been shown to be significant in 

snow sports, and also were so here (19). Snow sports are similar to this style of mountain 

biking in many respects, and it may be that similar factors are responsible, such as nature of 

individual activity, adrenaline, gravity-fuelled sports, and gradual acquiring of different 

pieces of equipment over time.  

 

The cost appears to be an important consideration in this group, being a key differentiator for 

full-face helmets, with a higher perception of cost correlated with lower use (p=0.00). This is 

in contrast to other studies, with mouth guard use in Australian football players only slightly 

influenced by cost (18) and only 14% of snowboarders feeling wrist guards too expensive 

(20). The difference may be the relative cost. This does identify a potential target for 

intervention, with a role for ACC or private health insurers to encourage use by effectively 

subsidising equipment. 
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The ‘media’ questions correlated poorly with all scales suggesting that there is a lack of 

publicity about both injury prevention and use of protective equipment. Despite the high 

reported rates of injury, very few (80.6%) had been recommended to use protective 

equipment by a healthcare professional. Most reported no pro-equipment media had been 

seen within a year. This is important, as media campaigns may be vital to injury prevention 

program success: Previous reports emphasise the need for effective communication and 

message reinforcement (31). An additional benefit may be gained from educating primary 

care doctors of injury prevention practices. 

 

There was no correlation between the use of protective equipment and perceptions of harm, 

danger or severity but benefits did. This suggests more responsiveness to possible benefits of 

protective equipment, rather than risks. This is similar to previous research, which found that 

‘Friends and family’ cue was highest predictor of use, followed by ‘Emotional Benefits’, 

while ‘Perceived exemption from harm’. ‘Safety Benefits’ and ‘Perceived Danger of 

Cycling’ were lower (21). A financial incentive may also be used to influence behaviour (23). 

Directly comparing to those in student cyclists, their results were strongly different for Harm 

and Severity, but the same for Benefits, Cost, Cues, Danger and Media (and similar for 

comfort). These differences may reflect the different populations, or the different motivation 

for the activity. Commuting is a necessary task, whilst mountain biking is a leisure time 

activity. People may therefore be accepting of the risk of ‘harm’, and even ‘severe’ injury for 

a leisure activity but not for a work task where there are other options. Commuting may also 

involve meeting peers and attending other activities, increasing vanity and comfort 

considerations.  

 

Benefits, barriers and severity have previously been found to be the most common themes in 

health behaviour modelling (32). This study is mostly in keeping with this. The area of most 

dissimilarity is severity, where this study suggests a lessor role. This may be an aspect of the 

sport, in that riders may feel that injuries are part of it. It might also reflect a lack of 

perception of injury potential, or alternatively the potential risk compensation effect of 

protective equipment.  

 

Actual values for the prevalence of equipment use in mountain bikers is scarce in the 

literature, and are likely to be very specific to the populations studied (10,33,34). Comparing 

the current studies results to a study of downhill riders, the uptake of equipment is lower (34). 
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This is likely because downhill riding often avoids uphill pedalling, so weight concerns are 

unimportant; the demographics also may be different. This study additionally provides a 

more specific breakdown of the individual pieces of equipment, which is essential if 

particular injuries are to be considered in future studies. Most research has studied injured 

riders; this study is therefore better suited to informing injury prevention.  

 

There was a low reported uptake of full-face helmets compared to standard ones. This might 

have been related to low belief in additional benefit, or cost (a full-face is significantly more 

expensive).  

 

Comfort was correlated with general equipment use, but not full-face helmet or eye 

protection, implying that the range of helmets and eyewear is probably satisfactory at present 

to allow suitable individual choices.  

 

A strength of this research was the high interest implied by race director participation. Key 

providers are recognised in delivery of other injury prevention programs (35,36), and they 

could fill this role. Weaknesses are the non-validated questionnaire and analysis methods, but 

is common in this type of research in a novel area and does not negate the results. 
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Conclusions: 

 

This study targeted a rapidly growing sport, and a population of riders with high rates of 

injury. It showed that older, more experienced riders were more likely to use protective 

equipment. This study provides data that might be useful to help develop an injury prevention 

program in mountain bikers. Key areas that might be of importance are the need to emphasise 

the benefits of using equipment or exposing riders to the effects of injury. Reducing cost, 

perhaps by insurer subsidy, would likely also help particularly with the low uptake of full-

face helmets. As media exposure is low a media campaign is likely to be important. 
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Practices	and	attitudes	of	mountain	bikers	towards	the	use	of	
protective	equipment	–	lay	summary	

Dr	Christopher	Pratt	
	
This	was	a	2-year	Master	of	Health	Sciences	research	portfolio,	which	has	taken	a	lot	of	work,	
and	I	would	like	to	thank	you	all	for	participating.	One	of	the	strongest	features	of	this	research	
was	the	enthusiasm	from	the	race	directors	and	riders,	reflecting	the	good	nature	of	the	
community.		
Attached	is	a	very	short	summary	of	the	research,	without	any	medical	or	scientific	jargon.	
Please	feel	free	to	contact	me	(email	chrisfpratt@me.com	)	if	you	would	like	either	the	
scientific	journal	write-up,	or	even	the	full	research	portfolio.		
Please	be	aware	that	as	a	university	piece,	it	is	subject	to	copyright	and	personally	I	would	
appreciate	it	not	being	reproduced	or	published	elsewhere	(including	social	media)	without	
prior	discussion.	
	
Background	
Mountain	biking	is	rapidly	increasing	in	popularity,	and	unfortunately	injuries	are	part	of	it.	
ACC	figures	show	it	cost	$14.8m	in	2016.	Most	injuries	were	soft	tissue	(such	as	cuts,	bruises)	
and	these	do	add	up.	There	were	nearly	200	head	injuries	(including	fractured	skulls,	bleeds,	
concussion)	and	similar	dental	injuries.	Time	off	work	was	substantial.	
The	aim	of	this	research	was	to	provide	information	about	how	we	might	try	and	reduce	this.	
	
Other	studies	have	shown	protective	equipment	(helmets,	knee	pads	in	particular)	can	be	
effective	at	preventing	injuries	in	mountain	biking,	and	eyewear	is	protective	in	other	sports.	
Full-face	helmets	have	been	shown	to	be	better	than	standard	ones	in	other	sports,	and	
mountain	bikers	suffer	a	much	higher	rate	of	face/jaw	fractures	than	other	cyclists.	
	
Previous	studies	have	looked	at	injured	riders’	use	of	equipment,	but	not	all	competitors	as	
this	one	did,	and	no-one	has	looked	at	enduro	riders	in	particular.	We	chose	enduro	as	there	is	
a	lot	of	flexibility	over	what	someone	might	use,	and	also	as	it	supposedly	represents	the	style	
of	trail	riding	a	lot	of	people	do	recreationally.	
	
Results	

• Most	of	you	have	had	at	least	a	week	off	of	work	from	a	mtb	injury,	and	around	20%	
have	had	more	than	a	month	off.	Nearly	half	are	still	riding	with	symptoms	from	an	old	
injury.	
-This	suggests	we	targeted	a	high	risk	group,	and	that	clearly	we	as	medical	
professionals	can	try	to	help	reduce	this	injury	burden.	

• We	found	that	most	riders	never	use	full-face	helmets,	and	eyewear	is	also	not	well	
used.	Knee	pads	are	used	by	most.		
-Encouraging	use	of	full-face	helmets	an	eyewear	might	help.	
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• Most	believe	that	the	equipment	works,	but	don’t	believe	it’s	ever	saved	them	or	
someone	else.	
-Interesting	as	seems	contradictory.	Distributing	more	information	about	protective	
benefit	might	help.	Also,	discussing	the	injuries	sustained	alongside	the	crash	video	
might	help	people	understand	the	risk	better.	

• More	experienced/skilled	riders	used	more	equipment.	
-This	might	reflect	more	time	in	the	sport	to	collect	equipment,	or	more	willingness	to	
spend	money	on	equipment.	

• Cost	was	the	most	important	factor.	
-Perhaps	encouraging	ACC	or	race	organisers	to	offer	a	subsidy	on	equipment	might	be	
useful.	

• Comfort	was	only	important	for	limb	protection	(not	helmets/eyewear).	
-It	looks	like	most	of	us	can	find	comfortable	versions	of	these	if	we	want	to,	but	there	is	
room	for	improvement	with	kneepads	etc.	

• Potential	benefits	(such	as	to	avoid	injury),	or	strong	cues	(such	as	family	to	look	after)	
were	the	strongest	triggers	to	use	equipment.	Perceived	severity	of	an	injury	was	also	
significant,	but	less	so.	
-Encouraging	us	to	consider	these	when	making	choices,	is	likely	to	impact	more	of	our	
decisions.	

• Potential	harm	and	considerations	of	danger	were	not	significant	factors.	
-Encouraging	thinking	about	these	is	unlikely	to	affect	decision	making.	

• Media	was	also	not	a	significant	factor,	but	almost	no-one	reported	being	exposed	to	
any	real	advice	or	information	about	equipment	and	injury	prevention.	
-This	is	likely	an	important	area	to	improve	upon.	

	
So	what	next?	
This	study	was	really	interesting,	and	the	support,	particularly	from	the	race	directors,	was	
incredible.	I	presented	this	at	an	international	conference	of	sports	medicine,	and	interest	was	
also	high.	The	portfolio	has	now	been	submitted	to	the	university	for	marking,	and	a	scientific	
article	has	been	submitted	for	publication	in	a	leading	journal,	and	will	hopefully	be	accepted.	
The	results	will	be	sent	to	ACC,	who	will	hopefully	consider	some	financial	assistance	for	some	
of	the	recommendations,	such	as	subsidising	equipment	and	skills	courses,	or	providing	first	
aid	equipment	to	clubs.	
Hopefully	either	myself	or	someone	else	will	be	able	to	build	on	this,	to	help	reduce	our	injury	
risk	as	mountain	bikers	and	move	the	sport	forward.	
	
Thanks	again	for	participating	and	please	feel	free	to	contact	me	with	any	comments.	
	




