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Abstract 
 

Aims: The aim of the research was to explore the association between wrist guard use and 

wrist fracture risk in snowboarders in Australia.  During the study, the opportunity was also 

taken to examine the relationship between wearing wrist guards and the severity of wrist 

and elbow injury. 

 

Design, Setting, and Participants: A case-control study was conducted at the Mount 

Buller Medical Centre, Victoria, Australia. A total of 494 participants was recruited during 

the 2004 and 2005 ski seasons. Cases were defined as any snowboarder seen at the Clinic 

with a fractured wrist (N = 119), and controls as any snowboarder seen at the clinic for any 

reasons other than a fractured wrist (N = 375).  Severity of forearm injuries were defined 

and analysed separately.  

 

Interventions: Study participants completed a questionnaire consisting of: basic 

demographics (age and sex only); wrist guard use on the day of presentation; normal use of 

protective equipment; the number of days spent snowboarding that season; the ability of the 

snowboarder; and ski run difficulty. Risk taking behaviour was assessed by a history of any 

previous fracture or joint injury and psychometric questions. Clinic medical staff recorded 

site and severity of fractures and soft tissue injuries. Logistic regression was used to obtain 

adjusted odds ratios for these risk factors against the main outcome measure. 

 

Main Outcome Measures: Presence of wrist fracture and injury in snowboarders with and 

without wrist guards. 
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Results: The results were suggestive of a protective association between the use of wrist 

guards and wrist fracture (adjusted odds ratio = 0.58, p = 0.069, 95% CI: 0.32 – 1.04). 

Despite a lack of overall statistical significance (arguably due to the relatively small sample 

size), the confidence intervals, clinical context of the association, and consistency in 

direction of findings suggests that snowboarders who wear wrist guards under Australian 

snow conditions could benefit from a reduction in wrist fracture injury of up to 42%. 

  

School age children (odds ratio = 2.37, p < 0.001, 95% CI: 1.55 – 3.63) and novice 

snowboarders (odds ratio = 3.41, p < 0.001, 95% CI: 1.79 – 6.49) were associated with 

wrist fracture. A third of snowboarders who normally wore wrist guards, were not doing so 

on the day of presentation to the clinic. There is thus strong evidence from this study to 

target school age snowboarders with intervention strategies. 

 

There was a significant association between wrist guard use and soft tissue elbow injuries 

(adjusted odds ratio = 17.6, p = 0.011, 95% CI: 1.93 – 160.2), but no significant association 

with elbow fractures (adjusted odds ratio = 1.84, p = 0.385, 95% CI: 0.46 – 7.30). There 

was thus no evidence in this study that wrist guards increase the occurrence of other severe 

injuries in the forearm by transferring the impact force away from the protected wrist up the 

arm. 

 

No evidence was found for compensatory risk taking behaviour in participants wearing 

protective equipment. 
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Application to injury prevention: A local injury prevention strategy was implemented in 

schools in the Mt Buller district during the course of this study. Education about the 

protective effects of wrist guards enabled a policy change in the local secondary college so 

that wrist guard use is now mandatory for all snowboarders in the school ski programme: 

That policy states: “No wrist guard = no snowboarding”.  

 

Recommendations for further research: Recommendations are made to evaluate the 

local injury prevention strategy by monitoring fracture rates prospectively, and to 

investigate the effect of type of wrist guard used on injury type and frequency. 

 

Conclusions: The results of this study are consistent with the international literature and 

provide support for the suggestion that wrist guard use amongst novice and school age 

snowboarders should be mandatory. Wider dissemination of such evidence to ski schools in 

Australia could provide the necessary impetus to argue for a mandatory policy of wrist 

guard use in all novice snowboarders.  Such a policy could be readily enforced through ski 

schools. 
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Chapter 1 Introduction and background 
 
1.1 Introduction 
 
This thesis examines the association between the use of protective equipment (wrist guards) 

and injury outcomes for snowboarders at Mt Buller, Australia, during the 2004 and 2005 

ski seasons, with a view to better informing injury prevention strategies in this population. 

 

Snowboarding evolved into a mainstream winter sport in the 1970’s, following initial 

development of snowboards in the 1960’s.(2) Snowboarding has been an increasingly 

popular pastime on the world’s ski slopes over the last two decades,(3, 4) accompanied by an 

increasing perception that snowboarding is a riskier sport than snow skiing: Snowboarders 

in Australia have been shown to have 2.4 times as many fractures as skiers, with 35% of 

upper limb injuries being fractures.(5) Upper limb injuries account for approximately half of 

all injuries in snowboarders,(4, 6) and snowboarders are three times more likely than alpine 

skiers to have an injury of the upper extremity.(7) The most common site of injury is the 

wrist, accounting for 21.6% of all snowboarding injuries,(8) leading to the suggestion that 

using a simple intervention such as wrist guards could reduce this risk of injury.  Because 

the mechanism of injury in snowboarders tends to be impactive rather than torsional,(9) such 

protective equipment is likely to be more effective at reducing injury rates in snowboarders 

than in skiers, by redistributing the force of impact. For the same reason, wrist guards have 

been shown to be very effective in preventing wrist injuries in inline skaters.(10) 

 

Having worked at the Mt Buller Medical Centre since 1998, anecdotal experience indicated 

that snowboarders who wear wrist guards were less likely to sustain wrist fractures than 
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those who did not. It is rare to see a wrist fracture in a snowboarder who is wearing 

properly fitted wrist guards, and a number of snowboarders have presented to the medical 

centre wearing only one wrist guard, with a fracture in the unguarded wrist. 

 

The present research describes a case-control study that was conducted at the Mount Buller 

Medical Centre, Victoria, which operates on a seasonal basis from mid-June to the 

beginning of October (southern winter) each year, providing medical services for one of 

Australia’s busier ski resorts. It also examines the rationale behind snow sport injury 

prevention programmes and proposes a strategy for targeting intervention in the 

snowboarder population. 

 

The thesis is presented in the following order: 

 

Chapter 1 details the research objectives and background literature about injury, 

snowboarder injury and injury prevention programmes. 

 

Chapter 2 describes the methodological approach to the study; the initial questionnaire 

development process, ethics approval, recruitment of subjects, and statistical approaches to 

the data analysis. 

 

Chapter 3 presents the results of the study, initially detailing the relationship between wrist 

guards and wrist fracture, then wrist injury generally, followed by injuries proximal to the 

wrist guard at the elbow.  
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Chapter 4 discusses the results of the study, and sets out the arguments supporting an injury 

prevention strategy specifically targeting beginners and school age children who 

snowboard. 

 

In the appendices I have included three journal articles, two that were published during the 

completion of this thesis, and one that has been accepted subject to minor revision: 

 

Slaney GM, Finn JC, Cook A, Weinstein P. Wrist guards and wrist and elbow 

injury in snowboarders. Medical Journal of Australia. 2008 Oct 6;189(7):412. 

(Appendix I). 

 

Slaney GM, Finn J, Cook A, Weinstein P. Compulsory helmets for school-age 

skiers and snowboarders. Medical Journal of Australia. 2007 Sep 3;187(5):319-20. 

(Appendix IIB). 

 

Slaney GM, Weinstein, P. (in review) Community driven intervention to reduce 

injury rates in school age snowboarders. Australian Journal of Rural Health; 

(Accepted subject to minor revisions 28/4/2009). (Appendix IV) 

 

Appendix IIIA provides a copy of the letter written to the schools in the Mansfield district 

detailing the initial results of the study and my recommendations for policy change at the 

schools. 

 

Appendix IIIB contains the letter from the Mansfield Secondary College to parents. 
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Appendix V contains a copy of the study questionnaire. 
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1.2 Research objectives 
 

The aim of this research was to investigate the protective effect of the use of wrist guards in 

snowboarders with a view to reducing the rate of injuries incurred. 

 

1.3 Hypotheses 

1.3.1 Primary null hypothesis 

 

Cases (snowboarders with wrist fractures) are no more or less likely than controls 

(snowboarders without wrist fractures) to have worn wrist guards. 

 

1.3.2 Secondary hypotheses 

 

1. The wrist fracture severity in snow boarders without wrist guards will be the same 

as the wrist fracture severity in snowboarders wearing wrist guards. 

2. The severity of wrist injury in snow boarders without wrist guards will be the same 

as the severity of wrist injury in snowboarders wearing wrist guards. 

3. Cases (snowboarders with elbow injuries) are no more or less likely than controls 

(snowboarders without elbow injuries) to have worn wrist guards. 
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1.4 Background literature review and rationale 

 

Snowboarding Injuries in context 

Injuries are a major problem in Australia accounting for 5.9% of all deaths in 2006 and a 

leading cause of death in children and young adults.(11) Injuries are often referred to as 

“accidents” implying that they occur randomly and cannot be prevented. From a public 

health perspective this is an unfortunate implication because there are several injury 

prevention strategies that can be utilized to reduce the disease burden from some injuries. 

These include legislative changes, design factors and education/behaviour change.(12, 13) 

The belief that injury is “accidental” also often hinders the development of injury 

prevention programmes. To be effective any intervention that prevents injury and thus 

decreases the associated disease burden often requires a strong evidence base to overcome 

such a belief, coupled with two or more injury prevention strategies. 

 

The majority of the morbidity and mortality from accidental injury in Australia results from 

land transport and falls,(11) but sports injuries also contribute significantly to the disease 

burden. While most sports injuries are not severe, the disease burden is difficult to ascertain 

because national data from the Office for Recreation and Sport are limited to hospitalisation 

and mortality statistics. It has been estimated that there are 5.3 million sports injuries per 

year in Australia and that 1.6 million injuries result in treatment.(14) In 2003, estimates from 

the Australian Sports Commission indicate 1.3% of the Australian population 15 years and 

over participated in ice and snow sports.(15) Skiing injury rates quoted vary depending on 

the definition of injury, but are about 2-3/1000 skier/days for alpine skiing and 6-10/1000 

snowboarder days for snowboarding.(16, 17) Whilst snow sport injuries affect a relatively 
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smaller part of the sporting population, they are none the less significant as there is 

evidence of both an increasing rate of injury amongst snowboarders in particular, and an 

increase in injury severity.(18-20) The increase in injury rate and severity particularly relates 

to Traumatic Brain Injury (TBI) and Spinal Cord Injury (SCI) in snowboarders associated 

with high speeds and jumps.(18-20) 

 

Skiing falls can be fatal: a skier died as a result of a head injury sustained colliding with a 

tree branch when on an intermediate run at Mt Buller in 2003, and in 2006 a novice 

snowboarder died as a result of falls sustained whilst snowboarding at Thredbo(21): Neither 

person was wearing a helmet. In Australia in 2002-03,(15) 3.5% of skiing- and 6.2% of 

snowboarding related hospital admissions were due to intracranial injuries. Indeed, 

Traumatic Brain Injury (TBI) is the leading cause of death and catastrophic injury in the 

skiing and snowboarding population and as therapeutic interventions that restore 

neurological function are severely limited,(18) the emphasis needs to be on prevention. 

 

Central to any injury prevention strategy is an understanding of the profile of injuries that 

occurs with a particular activity, the persons who are most at risk, and the biomechanical 

mechanisms of the injury process.(16) The present review therefore now proceeds to outline 

the profile of snowboarding equipment and injuries, followed by injury prevention theory 

and concepts. The last section details opportunities for injury prevention in snowboarders 

and the rationale behind this research project. 

 

Profile of snowboarding equipment 

Snowboarding evolved into a mainstream winter sport in the 1970’s, following 

development of snowboards in the 1960’s.(2) The 1998 Winter Olympic Games in Nagano, 
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Japan, showcased this sport to the world, when it was introduced to the Olympics for the 

first time.(22) These initial snowboards were very similar to surf boards, being made of 

wood with a rear fin underneath. Indeed much of the present culture and language 

associated with snowboarding has origins in these early “snow surfing” days. Modern 

snowboards are constructed much like alpine skis with fibreglass bodies, plastic bases and 

steel edges.  

 

Snowboarding equipment differs from skiing, for example, in that it has non-releasable 

bindings, and when snowboarding (or “riding”) both feet are fixed to the snowboard. The 

snowboarder stands sideways on the snowboard, much like a surfer or skateboarder, with 

the rear foot at 90 degrees to the long axis of the board, and the front foot at 45-90 degrees. 

Turns are executed by tilting the board partially onto its edge (toe side or heel side) and the 

centripetal force is balanced by shifting body weight. The snowboarder does not use ski 

stocks (poles), the arms are held out for balance, and are thus generally used also to break a 

fall. Generally snowboarders use stiff soft shell boots, which either clip directly onto the 

board, or are buckled into a folding plastic ankle brace that is mounted on the board. In 

both cases both feet are fixed when snowboarding, but when stationary, or moving over flat 

terrain (eg in lift queues at ski resorts), the rear foot is undone from the board so the 

snowboarder can use this foot to propel themselves forward, much like a skateboarder.  

 

Ski areas have undergone considerable changes in the last decade with many skiers and 

snowboarders frequenting “non traditional” ski surfaces. Rather than the smoothed 

(groomed) ski runs (pistes), more experienced snowboarders seek off-piste skiing in 

irregular snow covered terrain and tree slopes. For this reason many alpine resorts now 

offer “terrain parks”,(23) in a specific area, generally fenced, and off the main ski run. These 
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terrain parks are constructed with a series of jumps made from carefully designed snow 

piles, rails (variously shaped metal poles to skid along with the board off the snow), and 

half pipes (long [100m+] wide [10m] semicircular snow pipe with edges that approach 

vertical). 

 

These differences in snowboarder stance, equipment used, and terrain traversed result in a 

different pattern of injury to that of traditional alpine skiing. 

 

Profile of snowboarder injuries 

As a result of the differences outlined above, snowboarding injuries have a different pattern 

to those of skiers, and occur mainly as a result of falls,(16, 24)  with collisions accounting for 

less than 10% of snowboarding injuries.(2) Snowboarding injuries occur more frequently in 

the upper limbs, the head, and ankles, and less frequently in the knees, when compared with 

traditional alpine skiing.(3-5, 7-9)  

 

Upper limb injuries account for 45%-49% of snowboarder injuries,(4, 8) with a snowboarder 

being 3 times more likely to have an injury of the upper limb, than an alpine skier.(7) The 

Australian Snowboard Injury Data Base study published in 1993,(5) which included data 

from Mt Buller, demonstrated that snowboarders had 2.4 times as many fractures as skiers, 

with fractures accounting for 24% of all injuries. In Snowboarders 35% of upper limb 

injuries were found to be fractures. The experience over 10 years in Colorado also 

demonstrates the high incidence of upper limb fractures in snowboarders, with 56.43% of 

upper limb injuries being fractures and overall the most common site of injury was found to 

be the wrist, accounting for 21.6% of all snowboarding injuries.(8) The figures are 

remarkably similar to those from a 10 year study in Sweden, which found the most frequent 
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single diagnosis was a wrist/lower arm fracture – accounting for 20% of all injuries in 

snowboarders.(25)  

 

Snowboarders have a higher risk of head injury than skiers,(7, 26-28) and are also more likely 

to sustain cervical spine injuries.(7, 28) Occipital impact injuries are more frequent 

particularly in beginner snowboarders.(27) More advanced snowboarders tend to travel faster 

and sustain more severe injuries, particularly when associated with aerial manoeuvers 

characteristic of “freestlyle” snowboarding.(24)  These aerial manoeuvers are often 

performed over fixed objects, such as flat pipes curved in a number of different ways 

(“rails”) in terrain parks specifically designed for this activity on the ski slopes. The 

promotional videos often screened at ski resorts generally showcase this spectacular form 

of athletic endeavor, but rarely show the side effects. With respect to head injuries several 

studies have highlighted the importance of wearing helmets to protect snowboarders,(7, 27) 

and a recent analysis of data from Quebec demonstrated a 29% to 56% reduction in risk of 

head injury for helmet use in skiers and snowboarders.(29) As snowboarders have a higher 

incidence of head injuries than skiers, it is likely that wider use of helmets by snowboarders 

would result in a significant reduction in the numbers of head injuries in snow sports.  

 

Lower limb injuries are characteristically less common in snowboarders than skiers, but 

75% of all leg injuries that do occur are in the lead leg.(9) Snowboarders are also susceptible 

to lead leg ankle injuries on landing, and a characteristic “snowboarders ankle” (a fracture 

of the lateral process of the talus) is well recognized, but often difficult to diagnose with 

plain x-rays.(3, 30) 

 

The level of experience of the snowboarder also has a bearing on the pattern of injury they 
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sustain. Beginners tend to fall more, particularly backwards, and thus sustain a higher 

proportion of upper body injuries, particularly wrist and occipital head injuries.(8, 25, 27) 

Experienced riders are more stable but generally travel at higher speed and often seek “big 

air” jumping over obstacles in terrain parks designed for that purpose. Mistakes with these 

manoeuvres result in more severe injuries, particularly of the head and neck(8, 24, 25) and 

abdomen.(31) In a study on competition snowboarders in Norway, injury rates were high, 

with a different spectrum again: fewer wrist injuries and more knee injuries.(32) Beginners 

are also over-represented in injury surveys of snowboarders, first day participants being 

over twice as likely to injure themselves as the rest of the snowboarder population.(33) 

 

The equipment that snowboarders use can also directly contribute to injury. Older style 

bindings (which are still found on many hire equipment snowboards) have a plastic outer 

shell that is hinged, and clamps around the boot at the toe, ankle and lower leg. On 

investigating the high number of vulval injuries in female snowboarders in Japan, 

investigators found that failure to push the unclipped binding flat when one foot is off the 

board (such as when standing in lift queues and pushing along on flat terrain) and 

subsequently falling onto the erect binding led to this injury in 88% of cases.(34) 

 

The changing pattern of lower limb injury in snowboarders over the last two decades is an 

example of how the type of equipment used in snow sports can have a dramatic impact on 

the type and incidence of injury. Snowboard boots come in three styles, either soft, hard or 

hybrid. Traditionally soft boots were worn by experienced riders and rigid boots by 

beginners. The newer hybrid boot has a combination outer shell and stiff inner boot which 

provides more stability and control with better comfort. Currently the use of hybrid boots is 

almost universal with hard shell boots worn only by competition snowboard racers. 
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In the Australian Snowboard Injury Data Base Study published in 1993, serious lower limb 

injuries were found to be more common in beginners who wore rigid boots, leading the 

authors to recommend the use of hybrid boots by beginners.(5) The proportion of lower limb 

injuries in earlier studies has declined from about a half at the time of the Australian study 

to less than a third of snowboarding injuries in studies published more recently.(3, 5, 9) It is 

likely that the change in boot type used by snowboarders over time has resulted in this 

reduction in lower limb injuries. 

 

Injury prevention 

In order to reduce the snowboard related disease burden through an injury prevention 

strategy, consideration needs to be given to the attitudes within the community targeted 

regarding the intervention, its role in preventing injury and secondary negative impacts. 

Parallels can be drawn from the seat belt and bicycle helmet debates, in both of which the 

Australian approach has been different from that in other parts of the world. 

 

There is little debate in the literature about the injury prevention effectiveness of a properly 

fitted seat restraint in the event of a motor vehicle accident. The secondary injury effects to 

occupants loose in the car are well recognized and have subsequently led to legislative 

changes in most developed countries. Victoria passed the first legislation in the world 

making the wearing of seat belts for front seat passengers mandatory in 1970.(35) The rest of 

Australia rapidly followed and by 1972 it was compulsory throughout Australia. The 

effects were dramatic with reduction in road fatalities quoted in the order of 18-26%.(35) It 

took a longer time for other parts of the world to adopt mandatory policies however. 
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However there were some problems. An unforeseen negative effect was an increase in 

childhood injury from seat belt use,(36) which subsequently led to the development and 

recommendation of child booster seats and baby capsules. Most community members, 

especially in Australia, accept that seat belts save lives and use them, despite their use 

being a conscious act requiring behaviour change on the part of the user. 

 

The situation with regard to bicycle helmets is however different. There is still debate in the 

literature as to the effectiveness of bicycle helmets in preventing injury,(37-40) and 

significant antagonism to mandatory laws in some parts of the world. In some communities, 

most notably the Netherlands,(41) the bicycle is seen as an extension of walking, and as such 

there is no legislative requirement for helmet use.(42) The community has safe cycle paths, 

limited interaction with motor vehicles and a very low rate of bicycle related injury. In 

Australia by contrast, where cycling is seen as a form of recreation in its own right, helmet 

use is mandatory. There are few bicycle paths, frequent interactions with motor vehicles 

and a much higher rate of bicycle related injury.(43) It could be argued that the Australian 

community largely accepts the use of helmets as an injury prevention strategy because they 

see few secondary negative impacts, have been educated, and perceive a bicycle helmet as 

important in preventing injury. Thus in the sense that cycling is a recreational or sporting 

activity in Australia, bicycle helmets are perceived by the community as part of the 

“uniform” or standard equipment needed to participate. 

 

In snowboarders, who are clearly pursuing a recreational activity, the challenge in any 

injury prevention strategy will be to produce a cultural change towards the acceptance of 

passive safety measures, such as helmets and wrist guards. The cultural change should 

result in snowboarders accepting that helmets and wrist guards are both effective in 
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reducing injury to the participant, and should form part of the standard equipment needed to 

participate. 

 
Risk compensation 

The theory of “risk compensation” proposes that increased protection to an individual with 

the use of safety equipment leads to a compensatory increase in riskier behaviour by that 

individual, thereby negating any protective effect.(38) There is significant debate in the 

literature over this theory,(37, 38) with proponents claiming that it supports the argument 

against mandatory bicycle helmet use. The occurrence of risk compensation with an 

increase in risky activity has not been supported in recent publications examining the 

phenomenon in skiers and snowboarders wearing helmets.(44, 45) It has been proposed too 

that the voluntary use of safety equipment by skiers and snowboarders was part of a 

personal intention to reduce risk overall by the individual.(45) That is, the philosophy is 

more that the person concerned is thinking “I am going to do something risky, so I better 

protect my head”, rather than “now I have head protection so I can do something risky”. 

The process is therefore one of risk management, rather than one of risk compensation. 

 

Injury prevention in snowboarders 

As the mechanism of injury in snowboarders tends to be impactive rather than torsional,(9) 

protective equipment that reduces the force of impact is likely to be more effective at 

reducing injury rates in snowboarders than in skiers. Wrist guards have been shown to be 

very effective in preventing wrist injuries in inline skaters.(10) As the incidence of wrist 

fractures in snowboarders is 20%,(8, 25) it seems probable that a significant proportion of 

these fractures – which account for 50% of all fractures in snowboarders(3) – could be 

prevented with the use of wrist guards. Additionally, because beginner snowboarders fall 
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more often and sustain a higher rate of injury, any injury reduction strategy is likely to have 

the greatest impact in this group. As a result many authors recommend wrist guards, 

helmets and lessons particularly for first time snowboarders.(3, 5, 25, 27, 46) 

 

Although the hypothesis that wrist guard use reduces injury would be suggested by 

common sense, there is a counter-view that the use of wrist guards may lead to more 

significant arm injuries, by shifting the distribution of impactive forces further up the 

forearm, more proximal to the wrist guard.(3) Many snowboarders and local equipment hire 

outlets (personal communication Mount Buller snowboarders 2004-2005) argue that wrist 

guard use results in more injury, and use this reasoning to explain their unwillingness to 

wear or promote wrist guard use. Other studies have reported on injury rates proximal to 

the wrist guard, indicating either an increased,(47) or no increased rate(48-50) of injury. The 

situation is similar to that which exists for wearing motorcycle helmets: it could be argued 

that the force of impact is simply transferred away from the protected head down to the 

neck. However, a Cochrane review(51) found that motorcycle helmets reduce the risk of 

head injury by 69%, with no effect on the risk of neck injuries. 

 

There have been six main studies published on wrist guard use and wrist injuries in 

snowboarders. Two randomised control trials(48, 49) (Austria RR 0.12; CI 0.02-0.97; n=721 

and Norway RR 0.28; CI 0.13-0.60; n=5029), two prospective cohorts(50, 52)  (Austria RR 

0.25; CI 0.10-0.63; n=2579 and USA RR 0.04; CI 0.0-0.66; n=2355), and two case control 

studies(8, 47) (Canada OR 0.4; CI 0.2-0.79; n=1651 and USA OR 0.48; CI 0.35-0.66; 

n=6725). To date there have been no studies in Australia. A recent review of these 

studies(53) concluded that there was evidence that wrist guards are effective in reducing 

injury, but their effect on other injuries in the forearm was unclear: several studies did not 
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specifically report on this outcome, and with those that did giving conflicting results.(47, 49, 

53)  Despite strong evidence in the literature about the higher incidence of injury in 

beginners, there is also limited information on specific target groups in these studies.(53) 

There was also evidence that snowboarders found wrist guards cumbersome and 

uncomfortable, thereby limiting their use of wrist guards.(53) 

 

Given these gaps in the body of knowledge in the international literature, the present study 

sought to explore: 

(1) the association between wrist guard use and wrist fracture risk in snowboarders in 

Australia; 

(2) the association between wearing wrist guards and the severity of wrist and elbow injury; 

 

Although the main hypothesis centred on wrist fracture as the outcome, the opportunity was 

also taken to examine any association between the use of helmets and head injury in 

snowboarders, to compare the degree of reduction in head injury risk that may exist from 

the use of helmets in Australian conditions, with overseas data. (The latter does not form 

part of the main body of the thesis but is reported in Appendix II).  

 

The next chapter details the processes involved in the development of the case control 

study. 
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Chapter 2 Method 

This chapter details the study design, research setting and then describes the initial 

processes involved in setting up this study, together with information about the design of 

the study questionnaire, the study itself, and the data analysis process.  

 

2.1 Study design 

The study was a retrospective case control study designed to examine whether the cases 

(snowboarders with wrist fractures) were more or less likely than controls (snowboarders 

without wrist fractures) to have worn wrist guards. 

Cases were defined as any snowboarder seen at the Clinic with a fractured wrist (N = 119), 

and controls as any snowboarder seen at the clinic for any reasons other than a fractured 

wrist (N = 375) during the study period. 

A case control design was selected because this type of study is accepted as the most 

efficient approach in a situation where the denominator (numbers of snowboarders) is 

unknown, and where small numbers of cases are likely to be observed in the at risk 

population. 

 

2.2 Research setting 

The Mount Buller Medical Centre operates on a seasonal basis from mid June to the 

beginning of October each year. It provides medical services to the winter ski resort of Mt 

Buller, which is one of Australia’s busier ski resorts. Mt Buller has 6883 commercial beds 

with 1000 staff employed each season to service the hospitality, resort management and ski 
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lift services{ XE "1" }.(54) Skier days per season can be up to 400 000, with the busiest day 

on record (2003) having 7648 skiers on 80kms of groomed ski runs.(55) Injury rates for 

snow sports participants vary depending on the definition of injury, but they have been 

calculated as 3/1000 per day,(56) so that on average 900 injuries each season could be 

expected at Mt Buller, and this is consistent with our experience.  

 

An increasing proportion of the visitors to Mt Buller are snowboarders, in keeping with 

studies overseas which have estimated that snowboarders comprise 25%-37% of the 

population on ski slopes.(3, 4, 57) At Mt Buller the proportion of snowboarders to skiers 

varies according to snow conditions, with generally a higher proportion of snowboarders 

when the snow conditions are poor. Some snowboarders were even seen using the 

remaining snow in the terrain park half pipe during the summer of 2003, with the added 

bonus of the left over snow providing excellent cooling for their stubbies.  

 

The Mt Buller Medical Centre is equipped to stabilise and evacuate major trauma, as well 

as the usual general practice and acute medical emergencies that would be expected with 

the large visitor numbers and significant staff population. The ski slopes are serviced by ski 

patrollers, who render immediate first aid to any injured person on the ski slope. The 

injured person is then transported to the medical centre via skidoo (motorised snow scooter) 

usually as a passenger, or towed behind on a stretcher. The ski patrollers are also active in 

injury prevention, checking the terrain and marking hazards, and ensuring skiers use the ski 

slopes responsibly. Throughout the winter season the medical centre has two doctors 

available, and employs three nursing staff and a radiographer. The researcher undertaking 

this study is one of the principal doctors at the Mt Buller Medical Centre, and has worked 

in the centre since 1998. 
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2.3 Hypotheses 

Although presented in the introduction, the main hypotheses to be addressed by the study 

are restated here: 

2.3.1 Null hypothesis 

 

Cases (snowboarders with wrist fractures) are no more or less likely than controls 

(snowboarders without wrist fractures) to have worn wrist guards. 

 

2.3.2 Secondary hypotheses 

 

1. The wrist fracture severity in snow boarders without wrist guards will be the same 

as the wrist fracture severity in snowboarders wearing wrist guards. 

2. The severity of wrist injury in snow boarders without wrist guards will be the same 

as the severity of wrist injury in snowboarders wearing wrist guards. 

3. Cases (snowboarders with elbow injuries) are no more or less likely than controls 

(snowboarders without elbow injuries) to have worn wrist guards. 

 

2.4 Sample size calculation 

The Mt Buller Medical Centre treats approximately 100 wrist fractures per season, and as 

discussed in the background literature review presented in Chapter 1, these patients with 

wrist fractures are largely snowboarders. The medical clinic treats about 2000 patients 

through the season, and it is estimated that up to 35%-50% of these would be 
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snowboarders. 

 

Because no previous study of this topic has been undertaken in Australia, the difference in 

fracture rates between snowboarders with and without wrist guards is not known, however 

the international literature suggests that there is a reduction in risk of between 52%-85%.(8, 

47) 

 

A power calculation was undertaken to determine the numbers of cases and controls 

required for the study, so that a significant result could be obtained. It was determined that 

at least 106 cases and 318 controls (1:3) would have at least 80% power to detect a 40% 

reduction in frequency of fractures in individuals wearing wrist guards on the day of 

snowboarding (with 95% confidence intervals). 

 

Estimated sample size for two-sample comparison of proportions 

Test Ho: p1 = p2, where p1 is the proportion in population 1 
                    and p2 is the proportion in population 2 
Assumptions: 

alpha   = 0.0500 (two-sided) 
power   = 0.8000 
p1   = 0.2500 
p2   = 0.1250 
n2/n1   = 3.00 

 
Estimated required sample sizes: 

n1(cases) = 106 
n2(controls) = 318 
 

The study was therefore designed to recruit about 120 cases of wrist fracture and 300-400 

controls based on the power calculation and allowing for some loss of participants through 

unforseen circumstances. Knowing that approximately 100 wrist fractures present each 
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season as above, it was anticipated that it would take two ski seasons to recruit enough 

snowboarders to meet this target. 

 

 

2.5 Questionnaire development 

 

The questionnaire was developed on the basis of an international literature review as well 

as my own experience of the factors associated with snowboarding and snowboarding 

injury. To be in a position to adjust for potential confounders, the following data was 

therefore collected: 

 

Demographic 

Age and sex of the snowboarder as standard demographic variables. 

 

Age, sex, ability, days snowboarding, ski run 

Data on the snowboarder’s ability and days snowboarding were collected as it is well 

recognized that novice snowboarders have a higher rate of injury.(3, 5, 25, 27, 46) Information 

on the difficulty of the ski run that the snowboarder had spent most time on, on the day of 

presentation, was also recorded, as it was anticipated that this may affect the frequency of 

injury. 

 



 32  

Risk taking behaviour 

Risk taking behaviour is thought to be associated with higher injury rates and its effect 

needs to be considered as a confounding variable in the context of the use of protective 

equipment and injury.(37, 38) 

 

The snowboarder’s previous injury history was therefore recorded as the number of 

previous joint fractures or dislocations, making the assumption that multiple previous 

injuries would indicate a higher risk taking individual. 

 

A psychometric risk assessment was included in the study questionnaire. It was designed to 

test for risk taking behaviour using a modification of the Zuckerman-Kuhlman Personality 

Questionnaire (ZKPQ)(1). The modification to the ZKPQ involved the use of a subset of 

questions that were specific to the action of snowboarding, thus enabling the study to 

account for the specific issue of risk taking behaviour in the snowboarder study population. 

The ZKPQ was chosen because the sensation seeking scale it uses did not have any 

reference to specific “risky” activities such as binge drinking, drug use or dangerous sports. 

The scale was designed specifically for use in studies of persons who engage in these 

activities to account for the effect of risk as a confounding variable.(1) 

 

Time of injury, snow conditions 

Time of injury and snow conditions are two variables not covered in this study. If the injury 

occurs early in the day, when snow conditions are more likely to be icy, then a significant 

wrist injury is more likely from a fall. Likewise at the end of the day, fatigue is likely to 

result in a higher rate of falls, and therefore injury. Although potentially important, 
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overseas research has shown these factors to be far less important than the other variables 

described above(24) (sex, age, run, ability and days). 

The omission of these factors does present an opportunity for confounding, but with the 

selection of controls from snowboarders accompanying the case, this potential was 

minimised (given that the cases are likely to have been snowboarding at the same time and 

in the same snow conditions as the snowboarders accompanying them). The inclusion of 

this extra information would have also made the questionnaire extend beyond the desirable 

one page limit. For these reasons time of day and snow conditions were not included in the 

questionnaire. 

 

Use of protective equipment 

A question on whether the snowboarder normally wore protective equipment was included 

in the questionnaire. It was my experience that snowboarders commonly presented to the 

medical centre with wrist injury, having forgotten to put on their wrist guards that morning. 

Anecdotally this seemed common amongst school age children, who are often present at the 

resort on school ski trips without direct parental supervision. In order to target injury 

prevention strategies effectively, “normally wears wrist guards” was considered an 

important factor in the questionnaire. 

 

The final questionnaire was a compromise between accuracy and brevity in consideration 

of the condition of the people needing to complete it. It was in a one-page tick box format 

readily completable by persons using their non-dominant hand, or by accompanying 

persons. A full copy of the questionnaire is included as Appendix V. 
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2.6 Participants 

Cases were defined as any snowboarder seen at the Mt Buller Medical Centre with a 

fractured wrist. Controls were snowboarders — identified by their boots — who attended 

the clinic, either as companions to case participants or other patients, or as patients 

presenting for a reason other than wrist fracture.  

 

 Three controls per case were recruited to increase the power of the study (see 2.4 Sample 

size calculation). Controls were deliberately selected from snowboarders accompanying the 

cases in order to obtain controls with snowboarding behaviour (run and time on slope) that 

was as similar to the cases as possible. The approach will conservatively bias the odds ratio 

towards one.(58) 

 

2.7 Ethical issues 

Ethics approval was obtained from the University of Western Australia Human Research 

Ethics Committee on 23rd July 2004; Ref Number: 1039. 

 

The study questionnaire seeks data that are routinely required to manage the patient’s 

medical condition, with the exception of the risk taking questions.  As a result ethical 

approval was easily obtained, because there were limited ethical issues related to the private 

patient information sought through the questionnaire. Additionally, the right of patients to 

choose NOT to participate in the study was acknowledged and respected and the patients 

were assured that their non-participation in no way impacted on their subsequent medical 

care. On this basis University of Western Australia Human Research Ethics Committee 

approval was granted. 
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Under usual circumstances, the average waiting time in the clinic is 15 minutes.  Since it is 

estimated that it took less than 5 minutes to complete the questionnaire, the patient’s 

medical treatment was not delayed in any significant way by participation in the study. 

 

Consent to participation in the study was sought from the parents of minors, in the same 

way that the medical team usually seeks consent prior to any medical treatment. 

 

All five principal doctors of the medical clinic were supportive of the study, hoping that the 

results would better inform aspects of injury prevention with the use of protective 

equipment on the snowfield. 

 

2.8 Recruitment/consent process 

All patients and accompanying persons presenting to the Mt Buller Medical Centre during 

the 2004 and 2005 snow seasons wearing snowboarding boots were asked by the triage 

nursing staff about snowboarding activity. If they were snowboarders, they were informed 

about the study and asked if they would be interested in participating.  Each potential study 

participant was given the information sheet and provided with an opportunity to ask 

questions about the study objectives and procedure.  If the patients were happy to 

participate in the study they were asked to sign a consent form (which some participants 

undertook with their non dominant hand). In the case of minors, consent for participation in 

the study was sought from the child’s parents. Each consented participant completed a 

questionnaire (Appendix V). 
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2.9 Questionnaire 

Following consent being obtained, study participants were asked to complete a 

questionnaire consisting of: basic demographics (age and sex only); wrist guard use on the 

day of presentation; normal use of protective equipment; the number of days spent 

snowboarding that season; the ability of the snowboarder; and ski run difficulty. Ability 

was self reported and graded as novice, intermediate or advanced. The ski run difficulty 

was graded according to the Mount Buller 2004 ski trail map(23) from easiest to most 

difficult. Risk taking behaviour was assessed by a history of any previous fracture or joint 

injury and psychometric questions from the Zukerman-Kuhlman Personality 

Questionnaire.(1) The Zukerman-Kuhlman Personality Questionnaire and its modification 

for this study is described in section 2.10.7 Risk taking behaviour and a copy of the full 

study questionnaire is provided in Appendix V. 

 

When necessary the questionnaire was completed by the patient’s friends, or nursing staff, 

where the study participant was unable to write (e.g. as a result of a fractured wrist). Details 

of the nature of injury were recorded systematically by the medical staff on a proforma 

attached to the questionnaire (Appendix V). Data entry followed examination and x-ray of 

the patient and was entered prior to the patient’s discharge from the medical centre. If 

medical details were found to be incomplete on coding, they were checked against the 

original patient history. 

 

2.10 Description of variables 

The information from the questionnaire was coded for analysis according to the variables 

defined below.  I have included the variable codes used in the Stata analysis to allow for re-
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evaluation of the data if required. Some of the variables were further defined into 

subgroups to allow for homogeneous grouping of data within the variables, and are defined 

where relevant below. One would expect different behaviour patterns in specific subgroups 

based on published studies(4, 6, 33, 46, 59) as well as preliminary data. Thus specific subsets of 

groups were selected to correspond with possible injury patterns within variable categories. 

These categories allow for clearer differentiation of confounding variables in the analysis, 

and are discussed in more detail where relevant below. 

2.10.1 Demographic 

The variables sex and age were recorded as self reported on the questionnaire. Age was 

subcategorised to the variable “agesc” – age by school level. These specific ages were 

grouped as it was expected that injury patterns would be different between these age 

groups, and to allow for age- and school-specific targeting of intervention strategies to 

prevent injury if particular patterns were found. Age by school level was age categorised 

as: 

“agesc” 1 <12yrs Primary school 
2 12 – 19yrs Secondary school 
3 20 – 35yrs University and young adult 
4 >35yrs  

 
Subsequently age categories were collapsed as “agescstud” – school students by age, as the 

numbers in some of the above age groupings were too small meaningful for analysis: 

 “agescstud” 1 0 – 19 years (school students) 
   2 > 19 years (non school students) 

2.10.2 Days 

The number of days spent snowboarding at Mt Buller in the same season was self reported 

on the questionnaire as a continuous variable, which was then grouped to a new variable 

“daysgr” – days grouped: 
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 “daysgr” 1 0 to 4 days 
   2 5 to 8 days 
   3 >8 days 
 

This grouping reflects the amount of snowboarding that an individual is likely to have done 

for that season, and thus how familiar they were with the activity at the time. The three 

groups represent participants that have done only a few days, then the individuals that have 

spent a week in the snow, and lastly those that have spent more than a week, and are thus 

likely to have spent an extended time snowboarding that season. Days snowboarding were 

further collapsed into the variable “daysgr4” reflecting the significant improvement in 

ability of snowboarders after the first four days of snowboarding, based on preliminary 

analysis and supported by published literature:(46) 

 “daysgr4” 1 0 to 4 days 
   2 > 4 days 

2.10.3 Run 

The ski run that the snowboarder had spent the most time on that day was self reported on 

the questionnaire. This run was then coded to three levels based on the run grading 

difficulty as defined in the Mt Buller Trail Map 2004:(23) 

 “run”   1 Easy 
   2 Intermediate 
   3 Advanced 

2.10.4 Ability 

The snowboarder’s ability level was self reported on the questionnaire and coded as: 

“ability” 1 Novice 
2 Intermediate 
3 Advanced 
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2.10.5 Previous injury 

This variable, “prev”, describes the number of occasions on which the snowboarder had 

previously sustained an injury that resulted in a fracture or joint dislocation. It was self 

reported on questionnaire and categorised as: 

 “prev”  0  No previous injury 
   1  One previous injury 
   2  Two previous injuries 
   3  Three previous injuries 
   4  Four previous injuries 

5 Five or more previous injuries 
 

Categories within this variable were collapsed subcategorising for the analysis to “prevgr” 

– previous injury grouped to: 

 “prevgr” 1 No previous injury 
   2 1 – 3 previous injuries 
   3 > 3 previous injuries 
 

2.10.6 Protective equipment 

The variables for protective equipment were categorised to snowboarders who normally 

wore wrist guards “normwg” and snowboarders who were wearing them on the day of 

clinic presentation, “todwg”. 

2.10.7 Risk taking behaviour 

The study questionnaire was designed to test for risk taking behaviour using a modification 

of the Zuckerman-Kuhlman Personality Questionnaire (ZKPQ).(1) The modification to the 

ZKPQ was to account for the specific issue of differential risk taking behaviour within the 

snowboarder study population. A subgroup of questions on the ZKPQ Impulsive Sensation 

Seeking scale were used to describe a general need for thrills and excitement, a preference 

for unpredictable situations and the need for change and novelty. The ZKPQ was chosen 
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because the sensation seeking scale it uses did not have any reference to specific “risky” 

activities such as binge drinking, drug use or dangerous sports. The scale was designed 

specifically for use in studies of persons who engage in these activities to avoid 

confounding.(1) The risk taking behaviour questions were coded by true/false answers to 

questions 1.11 to 1.19 on the study questionnaire provided in Appendix V. 

 

The risk taking behaviour questionnaire also contained infrequency questions derived from 

the ZKPQ. (See below, section 2.10.7.1 Sensation seeking scale for explanation of 

questions used from ZKPQ). These questions were designed to test for reliability of an 

individual subject’s answer and were used to eliminate subjects who have carelessly 

responded to items without regard to truth. The answers to these questions were coded as 

variable “Infreq” – infrequency. The infrequency variable was then used to exclude those 

questionnaires inappropriately completed, and the remainder were coded as variable “sens” 

– sensation seeking. The senation seeking variable was used to categorise risk taking 

behaviour – “Risk” according to the ZKPQ criteria as follows: 

“Risk”  1 Low risk 
   2 Medium risk 
   3  High risk 
 

2.10.7.1 Sensation seeking scale 

The scale was derived from the Zuckerman-Kuhlman Personality Questionnaire (ZKPQ),(1) 

which was modified to account for the specific issue of differential risk taking behaviour 

within the snowboarder study population, as outlined above. The subgroup of questions on 

the ZKPQ Impulsive Sensation Seeking Scale that were used are defined below, together 

with the original question number from the ZKPQ in brackets. Also listed are the 
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infrequency questions used from the scale, designed to test for reliability of an individual 

subject’s answers. 

Infrequency questions: 
I never met a person that I didn’t like. (4) 
I always win at games. (26) 
I never get annoyed when people cut ahead of me in line. (52) 
 If 0-1 true, include data from subject, if 2-3 true exclude data from subject. 

Sensation seeking: 
I like to have new and exciting experiences and sensations even if they are a little 
frightening. (24) 
I enjoy getting in to new situations where you can’t predict how things will turn out. 
(39) 
I like doing things just for the thrill of it. (45) 
I sometimes like to do things that are a little frightening. (55) 
I’ll try anything once. (60) 
I sometimes do “crazy” things just for fun. (70) 

Number of true answers correlates to low risk for 2 or less positive answers, 
3-4 as medium risk, and 5-6 as high risk. 

2.10.8 Wrist injury 

The variable wrist injury – “Binwristi” was coded to include all injuries to the wrist. 
Further subcategories were then created more easily from this broad grouping allowing for 
specific analysis. 
 “Binwristi” 0 No injury 

1 Sprain (soft tissue injury) 
2 Clinically wrist fracture, no radiological evidence 

   3 Non displaced wrist fracture (radiological evidence) 
   4 Displaced wrist fracture (radiological evidence) 
 
To analyse wrist fractures the variable, “wristf”  was defined as: 
 “wristf” 0 No wrist fracture 

1 Wrist fracture 
 
To allow analysis of the effect of wrist guards on injuries proximal to the guard, at the 
elbow, the variable “proxi” was created and defined as: 
 “proxi” 0 No elbow injury 

1 Soft tissue bruising or laceration of the elbow 
   2 Fracture or dislocation of the elbow (radiological evidence) 
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2.11 Case Definition 

2.11.1 Wrist injury 

Wrist injuries can be graded in severity from a sprain, through a fracture that is not 

displaced, to a more severe fracture with displacement.  

Wrist injury 

Snow boarders attending the Mt Buller Medical Centre with a presenting complaint of wrist 

injury, were graded by the examining doctor as: 

  1 - Soft tissue injury no fracture 
2 - Clinically fracture, no radiological evidence 
3 - Fracture non displaced (radiological evidence) 
4 - Fracture displaced (radiological evidence) 
 

Wrist fracture  

The case definition for wrist fracture was any snowboarder with an injured wrist attending 

the Mt Buller Medical Centre during the 2004 and 2005 snow seasons who was found, by 

the examining doctor, to have a fracture on clinical or radiological findings (2 – 4 above). 

2.11.2 Proximal injury 

Injuries occurring proximal to the wrist at the elbow and thus proximal to a wrist guard (if 

one was worn). 

Elbow injury 

The case definition for elbow injury was any snowboarder with an injury in the elbow 

region attending the Mt Buller Medical Centre during the 2004 and 2005 snow seasons. 

Two grades of elbow injury were recognized in order of increasing severity, and 

determined by the examining doctor:  

1 - Soft tissue bruising or laceration 
  2 - Fracture or dislocation (radiological evidence) 
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2.12 Data analysis process 

Data from the questionnaire completed by cases and controls were enetered into a spread 

sheet and analysed using Stata statistical software.(60)  

 

The initial statistical test, whether χ2 or Fisher’s exact, was applied as a two tail test 

because it was not known whether injured cases were more or less likely to have been 

wearing wrist guards than controls. This initial univariate analysis also enabled assessment 

of the significance of any relationship between the main variables and potential 

confounding factors. 

 

Unadjusted odds ratios with 95% confidence intervals were then calculated using logistic 

regression to establish the association between the use of wrist guards and wrist fracture, 

and wrist guards and the other variables. 

 

Finally an adjusted odds ratio was calculated using logistic regression to account for the 

effect of possible confounding by variables such as demographic characteristics, risk taking 

behaviour, experience of the snow boarder and difficulty of the ski run. All variables of 

significance were included in the multivariate analysis. 

 

The data analysis provides an indication of the contribution that wrist guards may make to 

reducing the incidence of wrist fractures in snowboarders in Australian snow conditions. 

The next chapter will detail the results from the study questionnaire and the data analysis. 
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Chapter 3 Results 

In this chapter the results of the study will be presented. The results relating to the principal 

null hypothesis, namely cases (snowboarders with wrist fractures) are no more or less likely 

than controls (snowboarders without wrist fractures) to have worn wrist guards, will be 

presented in three sections. The first section is a description of the characteristics of the 

study population and a comparison of cases and controls drawn from this population 

(section 3.1.1). The second and third sections will be the analytic study exploring the 

association between wrist fracture and wrist guard use, initially the univariate logistic 

analysis (section 3.1.2), then the multivariate analysis (section 3.1.3) 

 

Results for each of the subsidiary hypotheses will then be presented in the subsequent 

sections (section 3.2 and 3.3). 

 

These results have been published in part as Slaney et al 2008(61) (Appendix I). 

 

3.1 Wrist fracture and wrist guard use 

The data were initially examined in relation to the null hypothesis that cases (snowboarders 

with wrist fractures) are no more or less likely than controls (snowboarders without wrist 

fractures) to have worn wrist guards. Characteristics of both cases and controls, for the 

variables collected in the study questionnaire, are presented in Table 1.  
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Overall 494 snowboarders were recruited to the study. There were 119 wrist fractures in the 

study group, comprising 24.1% of the snowboarders, and 375 controls (Table 1). Two of 

the study participants had bilateral wrist injuries, one of whom had two wrist fractures. 

Only the most significant injury was counted for these snowboarders. Neither of them were 

wearing wrist guards. 

3.1.1 Data description and comparison cases and controls 

The characteristics of cases and controls are detailed in Table 1. Each variable is discussed 

in more detail in the following sections. 
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Table 1 - Characteristics of cases (snowboarders with wrist fracture) and 
controls (snowboarders without wrist fracture) 
Values are numbers (percentages) 

Characteristic Cases (n=119) Controls (n=375) Difference (p-value) 
Sex:   0.001 
   Female 47 (39.5)   90 (24.0)  
   Male 71 (59.7) 285 (76.0)  
   Missing data 1 (0.8) -  
Age (years):   <0.001 
    0-19 72 (60.5) 149 (39.7)  
    >19 46 (38.7) 226 (60.3)  
    Missing data 1 (0.8) -  
Days snowboarding:   0.043 
     0 – 4 99 (83.2) 274 (73.1)  
     5 – 8 8 (6.7)  45 (12.0)  
     > 8 9 (7.6)  51 (13.6)  
    Missing data 1 (0.8)  5 (1.3)  
Ability of snowboarder:    <0.001 
     Novice 60 (50.4) 112 (29.9)  
     Intermediate 43 (36.1) 173 (46.1)  
     Advanced 14 (11.8)    89 (23.7)  
     Missing data 2 (1.7)    1 (0.3)  
Run difficulty:   0.101 
     Easy 68 (57.1) 173 (46.1)  
     Intermediate 46 (38.7) 172 (45.9)  
     Advanced 3 (2.5) 19 (5.1)  
     Missing data 2 (1.7) 11 (2.9)  
Previous injury (Fracture or joint 
dislocation): 

  0.816 

     None 63 (52.9) 223 (59.5)  
     1 - 3 39 (32.8)   114 (30.4)  
     > 3 12 (10.1)  35 (9.3)  
     Missing data 5 (4.2)    3 (0.8)  
Risk taking behaviour:   0.646 
     Low risk 10 (8.4) 24 (6.4)  
     Medium risk 26 (21.8)   77 (20.5)  
     High risk 70 (58.8) 237 (63.2)  
     Missing data 13 (10.9) 37 (9.9)  
Wearing wrist guards today:   0.246 
     Yes   18(15.1)   75 (20.0)  
     No 100(84.1) 299 (79.7)  
     Missing data   1 (0.8)   1 (0.3)  
Normally wear wrist guards:   0.523 
     Yes 31 (26.1)   88 (23.5)  
     No 86 (72.3) 285 (76.0)  
     Missing data 2 (1.7)   2 (0.5)  
 *Reference category 
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3.1.1.1 Demographics and wrist fracture 

Sex 

Overall males comprised 72.1% of the snowboarders, 59.7% of the cases and 76.0% of 

controls as shown in Table 1. Amongst cases a disproportionate number was female, 39.5% 

of cases, 24.0% of the controls, but only 9.5% of the study population (χ2 (1df) = 11.2093; 

p = 0.001). One case did not state its sex, and because this could not be determined from 

the name nor clinic file, the case was excluded from analysis. 

 

To further explore the statistically significant relationship between sex and wrist fracture, 

the sex and ability of snowboarders were tabulated and analysed as in Table 2. 

 
Table 2 – Sex of snowboarder and ability of the snowboarder 
Values are numbers (percentages)  

Ability of snowboarder Characteristic 
Novice Intermediate Advanced 

p-value 
number 

Sex:    p<0.001 
     Male   96 (27.1) 167 (47.2) 91 (25.7)  
     Female   76 (55.5)   49 (35.8) 12 (8.7) n=491 
 
Again a strong association was found, with female snowboarders significantly more likely 

to be novices (χ2 (2df) = 39.1170; p < 0.001). Of the females, 55% are in the novice ability 

group, versus 27% for males. This finding will be discussed in more detail in Chapter 4 

Discussion and Recommendations (female snowboarders section 4.1). 

 

Age 

Of the cases of wrist fracture, school age snowboarders (19 years or less) are 

disproportionally represented, constituting 60.5% of the cases but only 39.7% of controls as 

shown in Table 1. There is a statistically significant relationship between age and wrist 

fracture (χ2 (3df) = 18.3829; p < 0.001).  
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This single easily definable group accounts for well over half of all of the cases of wrist 

fracture, 60.5% of school age children sustaining a wrist fracture in the study population. 

 

To check that the artificial grouping of the age variable into school age subgroups did not 

bias the results, a χ2 was also performed using the full range of ages in one year age groups: 

χ2 (36df) = 59.3089; p = 0.009. This result demonstrates little variation between the 

statistical significance of these two age groupings, corroborating the findings above.  

3.1.1.2 Days and wrist fracture 

The proportion of cases presenting to the clinic in the first four days of snowboarding was 

83.2%, compared with 73.1% of controls see Table 1. This result was statistically 

significant of an association between number of days of snowboarding and wrist fracture 

(χ2 (2df) = 6.3091; p = 0.043).  

3.1.1.3 Ability and wrist fracture 

Novice snowboarders were disproportionally represented in the cases, accounting for 

50.4% of wrist fractures, but only 29.9% of the controls as shown in Table 1. There is a 

statistically significant relationship between ability and wrist fracture (χ2 (2df) = 19.3573; p 

< 0.001). The cases with wrist fracture are therefore significantly more likely to be novice 

snowboarders. Of the novices in the study group, 34.9% sustained wrist fractures.  

 

The significant relationship between the ability and sex of the snowboarder has already 

been commented on in 3.1.1.1 above. 
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3.1.1.4 Run difficulty and wrist fracture 

Of the cases, 57.1% rode the easiest ski runs, compared with 46.1% of controls as shown in 

Table 1. There is no statistically significant relationship between the run difficulty and wrist 

fracture (χ2 (2df) = 4.5784; p = 0.101). 

3.1.1.5 Previous injury and wrist fracture 

Previous injury was included as a variable as a proxy to risk taking behaviour. There was 

little difference between the cases and controls in the number of previous injuries (Table 1) 

and there is no statistically significant relationship between previous injury and wrist 

fracture (χ2 (5df) = 2.2316; p = 0.816).  

3.1.1.6 Risk taking behaviour and wrist fracture 

There was little difference between the cases and controls when it came to risk taking 

behaviour as assessed by the ZKPQ, 58.8% of the cases were in the high risk group, 

compared with 63.2% of the controls (Table 1). There is no statistically significant 

relationship between risk taking behaviour and wrist fracture (χ2 (2df) = 0.8743; p = 0.646). 

Overall 69.1% of the study population that completed the psychometric questionnaire were 

in the high risk behaviour group. 

3.1.1.7 Risk questionnaire completion and wrist fracture 

The sudden loss of function of the dominant hand has a substantial effect on a person’s 

ability to function. In particular, tasks of daily living can be severely compromised (see 

Appendix VI). 
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3.1.1.8 Wrist guard  use and wrist fracture 

On the day of clinic presentation 15.1% of the cases wore wrist guards, compared with 

20.0% of the controls (Table 1). On analysis this difference was not statistically significant 

(χ2 (1df) = 1.3477; p = 0.246). One case and one control did not record if wrist guards were 

worn, and because this could not be determined, these cases were excluded from analysis. 

 

The study also examined whether the snowboarders normally wore wrist guards, 26.1% of 

the cases with wrist fracture normally wore guards, compared with 23.5% of the controls 

(χ2 (1df) = 0.4083; p = 0.523) (Table 1). This difference was not statistically significant on 

analysis. Two cases and two controls did not record if wrist guards were normally worn, 

and because this could not be determined, these cases were excluded from analysis. 

 

There does however appear to be a difference in the proportion of snowboarders who 

normally wear wrist guards and those wearing wrist guards on the day of clinic 

presentation. In the study 24.3% of the snowboarders normally wore wrist guards, but only 

18.9% of the snowboarders were wearing wrist guards on the day of clinic presentation. 

 

To analyse this difference, the relationship between the use of wrist guards and the ability 

of the snowboarder was examined by combining and tabulating data for all cases and 

controls. A χ2 analysis was performed for each of the two variables, “wearing wrist guards 

today” and “normally wearing wrist guards”, compared with the ability of the snowboarder 

and is shown in Table 3. 
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Table 3 - Wrist guard use and ability of the snowboarder 
Values are numbers (percentages)  

Ability of snowboarder Wrist guard use 
Novice Intermediate Advanced 

p-value 
number 

Wearing wrist guards today:    p=0.019 
     No 132 (76.7) 173 (80.1) 93 (90.3)  
     Yes   40 (23.3)   43 (19.9) 10 (9.7) n=491 
     
Normally wear wrist guards:    p<0.001 
     No 114 (66.7) 163 (75.8) 93 (90.3)  
     Yes   57 (33.3)   52 (24.2) 10 (9.7) n=489 
  
 
There is a statistically significant relationship between wrist guard use and ability, with a 

higher rate of wrist guard use in novices, 23.3% compared with 9.7% of the advanced 

snowboarders using wrist guards on the day of injury (χ2 (2df) = 7.9352; p = 0.019). This 

relationship was also statistically significant for those snow boarders who normally wore 

guards, of the snowboarders, 33.3% were novices and 9.7% were advanced (χ2 (2df) = 

19.4888; p < 0.001).  

 

These results demonstrated that there was no difference between wearing wrist guards 

today and normally wearing wrist guards in the advanced snow boarders, but up to a third 

of novices appear to be forgetting to wear wrist guards, despite normally wearing them, 

when they go out snowboarding (33.3% wear them normally, but only 23.3% today). 

 

3.1.2 Univariate logistic analysis cases and controls 

In the previous section, 3.1.1, the cases and controls drawn from the study population were 

compared and statistically significant relationships between cases and controls were found 

for the variables sex, age, ability and first four days snowboarding.  
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This section details the results of the additional data analysis using logistic regression 

calculations to calculate odds ratios for each of the variables in the study population and the 

cases (snowboarders with wrist fracture). The results are presented in Table 4. 
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Table 4 - Characteristics of cases (snowboarders with wrist fracture) and 
controls (snowboarders without wrist fracture) with odds ratios. 
Values are numbers (percentages) 

Characteristic Cases 
(n=119) 

Odds 
Ratio 

95% CI Controls 
(n=375) 

Difference (p-
value) 

Sex:      
   Female 47 (39.5) 2.10 1.35-3.25   90 (24.0) 0.001 
   Male 71 (59.7) 1.00*  285 (76.0)  
   Missing data 1 (0.8)   -  
Age (years):      
    0-19 72 (60.5) 2.37 1.55-3.63 149 (39.7) <0.001 
    >19 46 (38.7) 1.00*  226 (60.3)  
    Missing data 1 (0.8)   -  
Days snowboarding:      
     0 – 4 99 (83.2) 2.05 0.97-4.31 274 (73.1) 0.059 
     5 – 8 8 (6.7) 1.01 0.36-2.83  45 (12.0) 0.989 
     > 8 9 (7.6) 1.00*   51 (13.6)  
    Missing data 1 (0.8)    5 (1.3)  
Ability of snowboarder:       
     Novice 60 (50.4) 3.41 1.79-6.49 112 (29.9) <0.001 
     Intermediate 43 (36.1) 1.58 0.82-3.04 173 (46.1) 0.171 
     Advanced 14 (11.8) 1.00*     89 (23.7)  
     Missing data 2 (1.7)      1 (0.3)  
Run difficulty:      
     Easy 68 (57.1) 2.49 0.71-8.68 173 (46.1) 0.153 
     Intermediate 46 (38.7) 1.69 0.48-5.97 172 (45.9) 0.413 
     Advanced 3 (2.5) 1.00*  19 (5.1)  
     Missing data 2 (1.7)   11 (2.9)  
Previous injury (Fracture or 
joint dislocation): 

    0.246 

     None 63 (52.9) 0.82 0.40-1.68 223 (59.5) 0.594 
     1 - 3 39 (32.8) 1.00 0.47-2.11   114 (30.4) 0.995 
     > 3 12 (10.1) 1.00*   35 (9.3)  
     Missing data 5 (4.2)      3 (0.8)  
Risk taking behaviour:      
     Low risk 10 (8.4) 1.41 0.64-3.09 24 (6.4) 0.390 
     Medium risk 26 (21.8) 1.14 0.68-1.92   77 (20.5) 0.613 
     High risk 70 (58.8) 1.00*  237 (63.2)  
     Missing data 13 (10.9)   37 (9.9)  
Wearing wrist guards today:      
     Yes   18(15.1) 0.72 0.41-1.26   75 (20.0) 0.246 
     No 100(84.1) 1.00*  299 (79.7)  
     Missing data   1 (0.8)     1 (0.3)  
Normally wear wrist guards:      
     Yes 31 (26.1) 1.17 0.73-1.88   88 (23.5) 0.523 
     No 86 (72.3) 1.00*  285 (76.0)  
     Missing data 2 (1.7)     2 (0.5)  
 *Reference category 
 
The analysis confirms the initial data analysis presented in section 3.1.1. Fewer of the cases 

wore wrist guards (15.1%) on the day of clinic presentation compared with controls 

(20.0%) (Table 4). This difference was not statistically significant (OR 0.72 CI 0.41-1.26 
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p=0.247). The variables sex, age, and ability were found to be significantly associated with 

wrist fracture and are shown in Table 4. School age snowboarders (19 years or less) 

comprised 60.5% of the cases but only 39.7% of controls. Of the cases with wrist fracture, 

26.1% had wrist guards (normally wore wrist guards) but only 15.1% were wearing wrist 

guards on the day (Table 4). No statistically significant association was found between the 

other variables in the study (ski run difficulty, previous injury and risk taking behaviour) 

and wrist fracture. The unadjusted odds ratios for sex (OR=2.10; p=0.001; 95%CI=1.35-

3.25), age (OR=2.37; p<0.001; 95%CI=1.55-3.63), ability (OR=3.41; p<0.001; 

95%CI=1.79-6.49), and days snowboarding (OR=2.05; p=0.059; 95%CI= 0.97-4.31) were 

significant, or approached significance, and were therefore included as covariates in the 

multivariate analysis. 

3.1.3 Multivariate analysis wrist fracture and wrist guard use 

In the previous sections, 3.1.1 and 3.1.2, the cases and controls drawn from the study 

population were compared and statistically significant relationships between cases and 

controls were found for the variables sex, age, ability and first four days snowboarding. The 

null hypothesis, namely that cases (snowboarders with wrist fractures) are no more or less 

likely than controls (snowboarders without wrist fractures) to have worn wrist guards, was 

supported since there was no statistically significant relationship found on univariate 

analysis. 

 

This section details the additional data analysis using logistic regression calculations to 

further examine the relationship between wrist fracture and wrist guard use. An adjusted 

odds ratio was calculated to account for the effect of confounding variables identified in the 
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univariate analysis as being statistically significant (ability, days snowboarding, sex, and 

age). The results of this analysis are presented in Table 5. 

 

Table 5 - Effectiveness of wrist guard use in cases (snowboarders with wrist 
fracture) and controls (snowboarders without wrist fracture) with adjusted 
odds ratios. 
Values are numbers (percentages) 

Characteristic Cases 
    (n=119) 

Odds 
Ratio(Adj) 

95% CI Difference (p-
value) 

Controls 
(n=375) 

Wearing wrist guards 
today: 

     

     No 100(84.1)    299 (79.7) 
     Yes   18(15.1) 0.58 0.32-1.04 0.069   75 (20.0) 
     Missing data   1 (0.8)      1 (0.3) 

Number of observations = 486 
 
Although no statistically significant association between the use of wrist guards and wrist 

fracture was found overall in the multivariate model (adjusted odds ratio = 0.58, p = 0.069, 

95% CI: 0.32 – 1.04), the confidence interval is suggestive of an association. 

3.1.4 Correlation analysis 

A correlation matrix was used to analyse any possible co-linearity between explanatory 

variables and is presented in Table 6. This analysis only demonstrated co-linearity between 

snowboarders who normally wore wrist guards and snowboarders who were wearing wrist 

guards on the day of presentation, which is to be expected. These two variables were not 

analysed concurrently in the multivariate analysis. 
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Table 6 - Correlation analysis of study variables 

Number of observations = 429 

 Sex Ability Normally 
wearing 
wrist 
guards 

Wearing 
wrist 
guards 
today 

Run 
difficulty 

Age Days Previous 
injury 

Risk 
taking 
behaviour 

          
Sex 1.0000         
Ability -

0.2867 
1.0000        

Normally 
wearing 
wrist 
guards 

0.0758 -
0.2001 

1.0000       

Wearing 
wrist 
guards 
today 

-
0.0223 

-
0.1062 

0.8348 1.0000      

Run 
difficulty 

-
0.2041 

0.4696 0.0144 0.0349 1.0000     

Age -
0.0678 

0.0091 0.0148 0.0520 0.0016 1.0000    

Days -
0.0064 

0.3862 0.0223 0.0147 0.1892 0.0264 1.0000   

Previous 
injury 

-
0.1277 

0.1655  0.0185 0.0292 0.0816 0.0108 0.1800 1.0000  

Risk 
taking 
behaviour 

-
0.1203 

0.1609 0.0750 0.0196 0.0988 0.0806 0.0877 0.1516 1.0000 

 
When the correlation matrix was performed for the stratum “novice snowboarders” in the 

“snowboarder ability” variable, the co-linearity between snowboarders who normally wore 

wrist guards and snowboarders who were wearing wrist guards on the day of presentation 

decreased. This finding was previously explored in the preceding analysis (see section 

3.1.1.8, and Table 3). 

3.1.5 Summary: wrist fracture and wrist guard use 

Overall 494 snowboarders were recruited to the study, with 119 cases with wrist fractures 

and 375 controls (Table 1).  
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Univariate analysis 

Table 1 shows the characteristics of cases and controls. In the univariate analysis, fewer of 

the cases wore wrist guards (15.1%) on the day of clinic presentation compared with 

controls (20.0%). This difference was not statistically significant (OR 0.72 CI 0.41-1.26 

p=0.247), but the variables sex, age, and ability were found to be significantly associated 

with wrist fracture (Table 4). School age snowboarders (19 years or less) comprised 60.5% 

of the cases but only 39.7% of controls. Of the cases with wrist fracture, 26.1% had wrist 

guards (normally wore wrist guards) but only 15.1% were wearing wrist guards on the day 

(Table 1). No statistically significant association was found between the other variables in 

the study (ski run difficulty, previous injury and risk taking behaviour) and wrist fracture. 

The unadjusted odds ratios for sex (OR=2.10; p=0.001; 95%CI=1.35-3.25), age (OR=2.37; 

p<0.001; 95%CI=1.55-3.63), ability (OR=3.41; p<0.001; 95%CI=1.79-6.49), and days 

snowboarding (OR=2.05; p=0.059; 95%CI= 0.97-4.31) were significant, or approached 

significance, and were therefore included as covariates in the multivariate analysis. 

 

Multivariate analysis 

Table 5 demonstrates the association between wrist guard use and wrist fracture. Although 

no statistically significant association between the use of wrist guards and wrist fracture 

was found overall in the multivariate model (adjusted odds ratio = 0.58, p = 0.069, 95% CI: 

0.32 – 1.04), the confidence interval is suggestive of an association. 

 

The next section will present the results for the first of the secondary hypotheses, relating to 

wrist injury severity. 
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3.2 Wrist injury severity and wrist guard use 

In this section the data will be presented and examined for the two secondary hypotheses:  

• The wrist fracture severity in snow boarders without wrist guards will be the same 

as the wrist fracture severity in snowboarders wearing wrist guards. 

• The severity of wrist injury in snow boarders without wrist guards will be the same 

as the severity of wrist injury in snowboarders wearing wrist guards. 

 

In the study population, 29.8% of the snowboarders sustained a wrist injury, overall 5.7% 

of the snowboarders had a soft tissue injury only, 24.1% had a wrist fracture and 8.9% 

sustained a displaced fracture of the wrist as shown in Table 7. For completeness the data 

analysis in section 3.1 for wrist fracture was repeated for “any wrist injury”. The latter 

analysis did not differ significantly as there were only 28 snowboarders (5.7%) who had 

sustained a soft tissue (non fractured) wrist injury. 

 

Table 7 - Wrist injury severity 
Values are numbers (percentages) 

Wrist injury Number(percent) 
No wrist injury 347(70.2) 
Wrist injury:  
     Sprain 28(5.7) 
     Clinically fracture (xray normal) 6(1.2) 
     Fracture non displaced 69(14.0) 
     Fracture displaced 44(8.9) 

Number of observations = 494 
 
Biologically one would expect a wrist guard to “convert” a potential fracture to a less 

severe injury, with the expectation that a higher number of soft tissue injuries would occur 

in cases wearing wrist guards than in cases not wearing wrist guards. To test the secondary 

hypotheses that wrist fracture or injury severity in snow boarders without wrist guards will 

be the same as the wrist fracture or injury severity in snow boarders wearing wrist guards, 
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an analysis was performed of the cases with wrist fracture, then the cases with wrist injury 

(which included soft tissue injuries to the wrist) and is presented in the next sections. 

 

3.2.1 Wrist fracture cases and wrist guard use 

The cases with wrist fracture, graded by severity of wrist fracture were analysed to test the 

secondary hypothesis that wrist fracture severity in snow boarders without wrist guards will 

be the same as the wrist fracture severity in snow boarders wearing wrist guards. One case 

with wrist fracture did not record if wrist guards were worn, and because this could not be 

determined, this case was excluded from analysis. 

 

Table 8 - Wrist fracture severity and wrist guard use 
Values are numbers (percentages) 

Wearing wrist guard Severity of wrist fracture 
 Clinically fracture Non displaced Displaced 
No 6 (6.0) 58 (58.0) 36 (36.0) 
Yes 0 (0.0) 11 (61.1)    7 (38.9)) 

Number of observations = 118 
Fisher's exact = 0.831 

 
There were no cases with a clinical (non radiological) fracture in the snowboarders wearing 

wrist guards. Because of this, the Fisher’s exact test was used to analyse the data, as the χ2 

would have been invalid with a zero value in one cell. There is no statistically significant 

difference in the snowboarders with wrist fractures, between the severity of the fracture, 

and wrist guard use (Fisher's exact = 0.831). 

3.2.2 Wrist injury cases and wrist guard use 

In view of the lack of a statistically significant difference between the severity of the 

fracture, and wrist guard use in the cases (demonstrated in section 3.2.1), the data were then 

analysed comparing soft tissue injury at the wrist and wrist fracture with wrist guard use. 
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This makes biological sense too in so far as it could be hypothesized that a wrist guard is 

likely to “convert” a potential wrist fracture to a less severe soft tissue injury. 

 

In the group of snowboarders with a wrist injury 5.7% of the snowboarders had a soft tissue 

injury only and 24.1% sustained a fracture (Table 7). The group of snowboarders with wrist 

injury was analysed to test the secondary hypothesis that wrist injury severity in snow 

boarders without wrist guards will be the same as the wrist injury severity in snow boarders 

wearing wrist guards. Two cases did not record if wrist guards were worn and were 

therefore excluded from analysis. 

 

Table 9 - Wrist injury severity and wrist guard use 
Values are numbers (percentages) 

Wearing wrist guard Severity of wrist injury 
 Soft tissue Fracture 
No 18 (15.3) 100 (84.8) 
Yes   9 (33.3)   18 (66.7) 

Number of observations = 145 
χ2  (1df) = 4.74; Pr = 0.029 

 
In the group of snowboarders with a wrist injury there is a statistically significant 

relationship between the severity of wrist injury and wrist guard use, with the snowboarders 

who have less severe (soft tissue) wrist injuries more likely to be wearing wrist guards (χ2 

(1df) = 4.74; Pr = 0.029). Further analyses were then performed using logistic regression. 

 

3.2.3 Logistic univariate analysis wrist injury and wrist guard use 

In the logistic univariate analysis, taking the snowboarders with a wrist injury, each 

category of injury (soft tissue and fracture) was compared against the rest of the 
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snowboarders in the study and analysed for the wearing of wrist guards. The results of this 

analysis are presented in Table 10. 

 

Table 10 - Effect of wrist guard use on wrist injury severity 
Values are numbers (percentages) 

Characteristic Patients 
 

Odds Ratio 95% CI Difference 
(p-value) 

Wrist injury severity:     
     Soft tissue 28 (7.5) 2.13 0.92-4.95 0.079 
     Fracture  119(25.6) 0.72 0.41-1.26 0.247 
 Number of observations = 492 
 

Although no significant relationship was found, there was a suggestion of an association 

between the use of wrist guards and soft tissue injury at the wrist, the results approaching 

significance. 

 

3.2.4 Multivariate analysis wrist injury and wrist guard use 

Multivariate analysis was performed to account for the significant confounding variables. 

Because of the small numbers of injured snowboarders available for analysis in the soft 

tissue group, only age and sex were included in the multivariate model, as the other 

variables, when added, resulted in failure of the statistical calculation. Table 11 details the 

adjusted odds ratio calculation for wrist soft tissue injury and wrist guard use, and Table 12 

for wrist fracture and wrist guard use. 
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Table 11 - Effect of wrist guard use on wrist soft tissue injury (adjusted for age 
and sex) 
Values are numbers (percentages) 

Characteristic Wrist soft 
tissue injury 

 

Odds 
Ratio(Adj) 

95% CI Difference 
(p-value) 

Wearing wrist guards 28 (7.5) 2.19 0.94-5.12 0.070 
     Age  0.97 0.91-1.03 0.377 
     Sex  1.02 0.41-2.53 0.958 

Number of observations = 374 
 
Although not statistically significant the data suggest that a snowboarder with a soft tissue 

wrist injury is more likely to have been wearing wrist guards. 

 
Table 12 - Effect of wrist guard use on wrist fracture (adjusted for age and sex) 
Values are numbers (percentages) 

Characteristic Wrist fracture 
 

Odds 
Ratio(Adj) 

95% CI Difference 
(p-value) 

Wearing wrist guards 119 (25.6) 0.74 0.41-1.34 0.321 
     Age  0.89 0.86-0.94 <0.001 
     Sex  2.11 1.34-3.35 0.001 

Number of observations = 374 
 
 
Although not statistically significant the data suggest that a snowboarder with a soft tissue 

wrist injury is more likely to have been wearing wrist guards, and with a fracture less likely 

to have been wearing wrist guards. 

 

 

3.2.5 Summary: wrist injury severity and wrist guard use 

On analysis of the group of snowboarders with wrist injury, no statistically significant 

difference was found between the severity of the fracture, and wrist guard use, in those 

snowboarders with wrist fractures.  
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Although amongst snowboarders with any wrist injury, the results were again not 

statistically significant overall, the data suggest an association between wrist guard use and 

wrist injury once adjustment for age and sex is made. A snowboarder with a wrist soft 

tissue injury is more likely to have been wearing wrist guards, and a snowboarder with a 

fracture is less likely to have been wearing wrist guards. 

 

The next section will present the results for injuries proximal to the wrist guard, at the 

elbow, and any association with the use of wrist guards. 
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3.3 Injury proximal to wrist guard and wrist guard use 

In this section the data will be presented and examined for the secondary hypothesis that 

cases (snowboarders with elbow injuries) are no more or less likely than controls 

(snowboarders without elbow injuries) to have worn wrist guards. The previous analysis of 

cases with wrist fractures (section 3.1) demonstrated a protective effect of wrist guards 

amongst a defined population of snowboarders in the study. It is theoretically possible that 

in protecting the wrist from injury, the wrist guard transfers force more proximally and 

causes injury to the elbow. For this reason the elbow injury and wrist guard use were also 

analysed. 

3.3.1 Data description of proximal injury and wrist guard use 

Data on soft tissue injuries and fractures/dislocations at the elbow were collected and 

analysed as proximal injuries to the wrist guard. The data demonstrate an excess of 

proximal injuries in snowboarders wearing wrist guards, although injuries at the elbow 

were infrequent, there being only 15 cases (3.0%) in the study population (Table 13). 

 
Table 13 - Injury proximal to wrist guard and wrist guard use 
Values are numbers (percentages) 

Elbow injury (n=15) Characteristic 
Soft tissue injury 

elbow 
Fracture or 

dislocation elbow 

No elbow injury 
(n=479) 

Difference 
(Fisher’s exact p-

value) 
Wearing wrist 
guards today: 

   p=0.004 

     No 1 (6.7) 7 (46.7) 391 (81.6)  
     Yes   4 (26.7) 3 (20.0)  86 (18.0)  
     Missing data - -   2 (0.4)  
 

Because of the low numbers in some cells, a Fisher’s exact test was used. There is a 

statistically significant relationship between elbow injuries and the use of wrist guards, with 
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snowboarders who have an injury at the elbow more likely to have been wearing wrist 

guards (Fisher’s exact p = 0.004). 

 

However, in the group of snowboarders with serious elbow injuries (fracture or 

dislocation), there was an excess of snowboarders who were not wearing wrist guards. 

Because of the paradoxical nature of these results, the data were then analysed using 

logistic regression comparing soft tissue injury and fracture/dislocation with wrist guard 

use. 

 

3.3.2 Logistic univariate analysis of proximal injury and wrist guard use 

In the logistic univariate analysis, taking the snowboarders with a proximal injury, each 

category of injury (soft tissue and fracture/dislocation) was compared against the rest of the 

snowboarders in the study and analysed for the wearing of wrist guards. The results of this 

analysis are presented in Table 14. 

 
Table 14 – Effect of wrist guard use on elbow injury severity 

 Values are numbers (percentages)  
Characteristic Patients 

 
Odds Ratio 95% CI Difference 

(p-value) 
Elbow injury severity:     
     Soft tissue 5 (1.0) 18.2 2.01-164.7 0.010 
     Fracture/dislocation 10 (2.1) 1.95 0.49-7.69 0.341 
 Number of observations = 492 
 

A statistically significant association was found between soft tissue injury and wrist guard 

use, with snowboarders having a soft tissue elbow injury more likely to have been wearing 

wrist guards. On the other hand there was no statistically significant relationship between 

the use of wrist guards and severe elbow injuries (fracture or dislocation). 
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3.3.3 Multivariate analysis of proximal injury and wrist guard use 

Multivariate analysis was performed to account for the significant confounding variables. 

Because of the small numbers of injured snowboarders available for analysis, only age and 

sex were included in the multivariate model, so as to maintain validity. Table 15 details the 

adjusted odds ratio calculation for proximal soft tissue injury and wrist guard use, and 

Table 16 for proximal fracture/dislocation and wrist guard use. 

 
Table 15 - Effect of wrist guard use on elbow soft tissue injury (adjusted for 
age and sex) 

Values are numbers (percentages)   
Characteristic Patients 

 
Odds Ratio 

Adj. 
95% CI Difference 

(p-value) 
Soft tissue injury 5 (1.0) 17.6 1.93-160.2 0.011 
     Age  1.02 0.99-1.06 0.100 
     Sex  1.11 0.66-1.85 0.704 

Number of observations = 482 
 

A statistically significant relationship was again found, with a snowboarder having a soft 

tissue injury at the elbow, proximal to the wrist guard, being more likely to be wearing a 

wrist guard (adjusted odds ratio = 17.6, p = 0.011, 95%CI: 1.93 – 160.2).  

 

Table 16 - Effect of wrist guard use on elbow fracture/dislocation (adjusted for 
age and sex) 
Values are numbers (percentages)   

Characteristic Patients 
 

Odds Ratio 
Adj. 

95% CI Difference 
(p-value) 

Fracture/dislocation 10 (2.1) 1.84 0.46-7.30 0.385 
     Age  1.03 0.99-1.06 0.128 
     Sex  1.04 0.63-1.75 0.858 
 Number of observations = 487 
 

No statistically significant relationship was found between wrist guard use and severe 

injury at the elbow. 
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3.3.4 Summary: injury proximal to wrist guard and wrist guard use 

In summary, the multivariate analysis (section 3.3.3) confirms the statistical significance of 

the univariate result (section 3.3.1) suggesting that a snowboarder with an elbow injury is 

more likely to have been wearing wrist guards (Fisher’s exact p = 0.004) but that these 

injuries are more likely to be soft tissue injuries (adjusted odds ratio = 17.6, p = 0.011, 

95%CI: 1.93 – 160.2) rather than the more serious fractures at the elbow. The significance 

of the apparently paradoxical nature of these results will be discussed in more detail in the 

discussion (Elbow injuries in section 4.1). 

 

 

 

The next chapter will discuss the relevant results that have been presented here, and using 

those results, present a recommendation for their application in a targeted injury prevention 

programme for snowboarders. 
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Chapter 4 Discussion and Recommendations 

In this chapter results from Chapter 3 will be discussed and an argument presented for the 

introduction of a policy for the mandatory wearing of wrist guards in school age and novice 

snowboarders. The initial section will discuss the study results, and then indicate the study 

limitations. Subsequent to that, a section on the translation of the study results into an 

injury prevention strategy and its application in the local Mt Buller region will be outlined. 

The final section details the recommendations stemming from the research overall. 

 

4.1 Overview of study outcomes 

This case control study tested the hypothesis that there was no association between wrist 

guard use and risk of wrist fractures in snowboarders. There have been several studies 

overseas looking at this issue,(8, 47-50, 52) but the present study is the first in Australia. 

 

The results from this study suggest that the use of wrist guards could reduce the risk of 

wrist fracture in Australian snowboarders (adjusted odds ratio=0.58; p=0.069; 95%CI: 

0.32-1.04). Despite a lack of overall statistical significance (arguably due to the relatively 

small sample size), the confidence intervals, clinical context of the association, and 

consistency in direction of findings suggests that snowboarders who wear wrist guards 

under Australian snow conditions could benefit from a reduction in wrist fracture injury of 

up to 42%. This is in keeping with published international literature that shows a protective 

effect ranging from 40% to 87%.(8, 47-50, 52) 
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Ability of snowboarder 

The study demonstrated a strong association between ability and wrist fracture, with 

novices over-represented in snowboarders with wrist fracture (OR=3.41; p<0.001; 95%CI: 

1.79-6.49). Snowboarders with wrist fractures were also more likely to be in their first four 

days of snowboarding (OR=2.05; p<0.059; 95%CI: 0.97-4.31). While this relationship did 

again not reach statistical significance, it does suggest that an injury prevention strategy 

promoting the use of wrist guards would be best targeted at novice of snowboarders. 

 

Female snowboarders 

A surprising result was the statistically significant relationship between wrist fracture and 

sex, females having a higher risk of wrist fracture (OR=2.10; p=0.001; 95%CI: 1.35-3.25).  

Other studies have found an association between female snowboarders and wrist fracture, 

but not to this extent.(8, 47)  However, with further analysis, there was also a statistically 

significant relationship found between the ability and sex of the snowboarder, with female 

snowboarders being more likely to be novices (χ2 (2df) = 39.1170; p = <0.001). Therefore 

it is likely that ability (or rather a lack of experience in female snowboarders) accounts for 

the difference in fracture rates between the sexes, rather than females being more prone to 

wrist injury per se. 

 

School age 

School age children were significantly over-represented in the cases with wrist fracture 

(OR=2.37; p<0.001; 95%CI: 1.55-3.63). It is interesting that this single, easily definable 

group accounted for nearly two thirds of all of the cases of wrist fracture in our study 

(60.5%). Targeting injury prevention strategies to this group would therefore be more 

appropriate and easier than a general population strategy aimed at all snowboarders on the 
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ski slopes. Such an injury prevention strategy would be both cost effective and relatively 

simple to implement. As a result of the significant and obvious nature of this finding, I 

contacted the local schools to inform them of the preliminary results of my study as 

detailed in section 4.3. 

 

Normally wearing guards 

A third of snowboarders who normally wore wrist guards, were not doing so on the day of 

presentation to the clinic. This finding has important implications for targeting injury 

prevention strategies. As discussed above, school age children, particularly those who are 

novices and beginning to snowboard, are most at risk of wrist fracture. School children are 

also the group which tends to have wrist guards (perhaps supplied by concerned parents), 

but fail to wear them when they go snowboarding. Our study suggests that a mandatory 

policy of wrist guard use at the school level would be expected to result in prevention of a 

significant number of wrist fractures in this group of snowboarders. 

 

Wrist injury severity 

The results suggested an association between wrist guard use and wrist injury: a 

snowboarder with a wrist soft tissue injury was more likely to have been wearing wrist 

guards, and a snowboarder with a fracture was less likely to have been wearing wrist 

guards, when adjusted for age and sex. This finding makes biological sense as it could be 

hypothesized that a wrist guard is likely to “convert” a potential wrist fracture to a less 

severe soft tissue injury by both absorbing and redistributing the impact energy. A study by 

Staebler et al, examining the effect of wrist guards on bone strain of the distal forearm in 

cadavers(62) is consistent with this suggestion. There is thus evidence that wrist guard use is 

protective of severe wrist injury. 
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Risk 

Risk taking behaviour was assessed by use of psychometric questions from the Zukerman-

Kuhlman Personality Questionnaire (ZKPQ)(1) and a history of previous joint fractures or 

dislocations. A subgroup of questions on the ZKPQ Impulsive Sensation Seeking scale was 

used to describe a general need for thrills and excitement, a preference for unpredictable 

situations, and the need for change and novelty. The ZKPQ was chosen because the 

sensation seeking scale it used did not have any reference to specific “risky” activities such 

as binge drinking, drug use, or dangerous sports. The scale was designed specifically for 

use in studies of persons who engage in these activities.(1) 

 

Although there were biologically plausible a priori reasons for including the variables 

indicative of risk taking behaviour, neither ZKPQ nor previous numbers of fractures were 

found to be significant, and were therefore excluded from the adjusted odds ratio 

calculations. 

 

Elbow injuries 

There was a small number of elbow injuries (soft tissue, fractures and dislocations) which 

occurred both in the snowboarders wearing wrist guards, and in those who did not.  

 

There is a significant association between wrist guard use and soft tissue elbow injuries, but 

no significant association between wrist guard use and the more serious elbow fractures, 

suggesting that wrist guards lessen the degree of severity of injury. As previously 

suggested, it could be argued that a wrist guard “converts” a potential wrist fracture to a 

less severe soft tissue injury by both absorbing and redistributing the impact energy 
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throughout the forearm. A study already cited that examined the effect of wrist guards on 

bone strain of the distal forearm in cadavers(62) is consistent with this suggestion, again 

corroborating the evidence that wrist guard use is protective of severe wrist injury. 

 

There was thus no evidence in this study that wrist guards increase other severe injuries in 

the forearm by transferring the impact force away from the protected wrist up the arm. As 

previously stated, injury severity at the elbow was examined and showed an increased risk 

for soft tissue injury proximal to the guard (soft tissue elbow injury), but no significant 

difference in the risk of severe injury (fracture or dislocation at the elbow).  

 

The differential result in the degree of elbow injury (reduced risk of severe injury, but 

increased risk of soft tissue injury with wrist guards) is an important new finding and to the 

best of my knowledge the difference in severity of injury proximal to the guard has not 

been reported previously. Other studies have reported on injury risk proximal to the wrist 

guard with most indicating no increased risk(48-50) of injury. One study has reported an 

increased(47) risk of injury proximal to the wrist guard, but did not analyse the injury 

severity. The differential result in injury severity proximal to the wrist guard found in this 

study offers a possible explanation for the inconsistencies of the international findings, and 

supports the value of wearing wrist guards to reduce overall injury severity. 

 

In a similar way, it has been suggested that wearing motorcycle helmets simply transfers 

the force of impact away from the protected head down to the neck. However, a Cochrane 

review(51) found that motorcycle helmets reduce the risk of head injury by 69%, with no 

effect on the risk of severe neck injuries. For wrist guards in snowboarders, from a public 
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health perspective the trade off of a small increased risk of mild injury at the elbow is cost 

effective against a significant decrease in severe injury or fracture risk at the wrist. 

 

Summary 

From a population health perspective, the overall significance of the study findings is clear. 

Those snowboarders who have wrist guards need to wear them, and those who do not have 

wrist guards need to get a pair and wear them too! The recommendation for wrist guard use 

is particularly relevant in school age and novice snowboarders, who should not go 

snowboarding without wrist guards. In the context that wrist fractures alone account for 

21% of all injuries in snowboarders(8, 25) the benefits of the use of wrist guards by 

snowboarders are all the more significant. 

 

4.2 Limitations of the study 

 

The study was a retrospective case control study designed to examine whether the cases 

(snowboarders with wrist fractures) were more or less likely than controls (snowboarders 

without wrist fractures) to have worn wrist guards. 

 

A case control design was selected because this type of study is accepted as the most 

efficient approach in a situation where the denominator (numbers of snowboarders) is 

unknown, and where small numbers of cases are likely to be observed in the at risk 

population. However, case control studies have a number of limitations related to the 

controls and their selection. Controls should have the same range of exposures to risk 

factors for the disease as the cases and exposures should be measurable. Further, recall bias 
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may affect the controls accuracy of reporting the exposure, and referral bias (where controls 

are selected from other patients attending a clinic) may cause a lack of representativeness of 

the general population under study. 

 

In this study cases were incident rather than prevalent cases as presenting to the medical 

clinic. However because wrist fractures are a disease of immediate onset and short duration, 

the incidence and prevalence are essentially equivalent. 

 

Given the relatively short time interval between the exposure and event, recall bias(58, 63) is 

not likely to be a limitation of this study. Furthermore participants were asked both whether 

they had worn wrist guards on the day, and whether they normally wore wrist guards. On 

the day of clinic presentation 15.1% of the cases with wrist fracture wore wrist guards, but 

nearly twice as many - 26.1% of the cases admitted to normally wearing wrist guards. If 

cases thought that they should have been wearing wrist guards, but were not, their 

statements about wearing wrist guards at the time of wrist fracture may have been biased. 

However the fact that many more admitted to normally wearing wrist guards, than were 

wearing on the day, suggests that this is unlikely. 

 

The exposure in this study – wearing of wrist guards – is an exposure that is both easily 

defined and measured. 

 

Controls were any snowboarders— identified by their boots — who attended the clinic, 

either as companions to case participants or other patients, or as patients presenting for a 

reason other than wrist fracture. Controls were thus selected from both patients and non 
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patients at the medical centre and were not confined to an “injury population” thereby 

reducing referral bias. 

 

The controls were unmatched in this case control study, but risk factors were adjusted for in 

the regression analysis. Because the controls were deliberately selected from snowboarders 

accompanying the cases (in order to select controls with risk factors [run difficulty and time 

on slope] that were as similar to the cases as possible) it is possible that the odds ratios 

were conservatively biased towards one. (58, 63) Thus the protective value of wrist guards 

may in fact be greater than that suggested by this study. However, minor adjustments to the 

odds ratio are unlikely to affect the conclusions reached, and injury prevention strategies 

can therefore be implemented based on the best knowledge available, as is often necessary 

in Public Heath practice – John Snow removing the Broad Street pump handle is one 

classic example of such intervention, and warnings about smoking were issued long before 

the underlying biological mechanisms of injury were fully understood. 

 

Information on the type of wrist guard used was not recorded; there is some evidence that 

different wrist guards have different biomechanical properties, and this may affect their 

protective effect(62) but was beyond the scope of the present study. 

 

If the sample size had been larger some of the borderline statistical results may have 

reached significance, but as suggested it is unlikely that the overall conclusion that wrist 

guards have a protective effect would change.  
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4.3 Translation of research 

My aim in conducting this study as part of my Masters in Population Health was to inform 

an injury prevention strategy for Australian snowboarders, and in particular to provide a 

statistically valid evidence base to counter the false beliefs about wrist guard use that 

appear particularly prevalent in my local ski region. 

 

Injury prevention strategies 

There are three strategies generally recognised as effective in injury prevention: 

 Changes to legislation (eg bicycle helmets) 

 Education or behaviour change (eg rebate system for protective equipment) 

 Design factors (eg impact absorbing playground surfaces) 

Using more than one strategy is often the key to successful injury prevention 

programmes.(12) Implementation of these strategies can either be through a community 

based approach, which is particularly effective for local injury problems where community 

stakeholders can be involved, or a community organization approach which is generally 

required for large scale interventions.(12, 13) 

 

In implementing a response to the preliminary results of my thesis I used a community 

based approach as one of the local rural general practitioners, in approaching the local 

schools and informing them of the study outcomes. Once informed all three injury 

prevention strategies were used by: education of the school staff and students; encouraging 

policy change at the school level; and finally the use of a passive protective device. 
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Local action – Community injury prevention strategy 

Following the initial data analysis that was completed in May 2006, it was readily apparent 

that there was a potentially significant injury protective effect of wrist guard use in 

snowboarders. Furthermore there was also an over-representation of school age children 

amongst the cases of wrist fracture. I therefore felt it was important to inform the local 

schools of the preliminary results of my study, prior to the 2006 ski season, so that the 

schools had the opportunity to ensure their snow sports programme incorporated processes 

to accommodate the results. In fact, as a rural medical practitioner and ski resort doctor I 

would have felt negligent if I did not act to prevent injury to at risk individuals in my 

community. 

 

I contacted all of the local schools by phone and subsequent email to the respective school 

snow sports coordinators. There are five primary schools (Mansfield Primary School, Saint 

Mary’s Primary School, Merrijig Primary School, Jamieson Primary School, Mansfield 

Steiner School) and three secondary schools (Mansfield Secondary College, Lauriston 

School – Howqua Campus, Geelong Grammar School – Timbertop Campus) in the 

Mansfield region. With the exception of the Mansfield Secondary College, all of the 

schools had a policy of mandatory helmet and wrist guard use for snowboarders. Following 

discussions with the Mansfield Secondary College principal and the snow sports 

coordinator, I subsequently wrote a letter detailing the preliminary findings of my study 

and this is included as appendix IIIA. As a result of my letter, and following ratification by 

the school council, the Mansfield Secondary College rapidly introduced a policy of 

compulsory wrist guard use for all snowboarders during their 2006 and subsequent snow 

sports programmes. That policy now states: 

“All snowboarders must wear wrist guards during Mansfield SC Snow Sports and 
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related events, for example, PE excursions, interschool competitions etc.” 

 

This policy was articulated in a letter to all parents and guardians signed by the acting 

principal and snow sports coordinator. A copy of this letter is attached as appendix IIIB. 

 

Further action – Community organization injury prevention strategy 

The Mansfield Secondary College principal has had further discussions with the Victorian 

Education Department who are interested in adopting this policy on a broader scale, to 

protect all school children who snowboard during winter sports activities. I am anticipating 

that the published results from my thesis will support this endeavour in time for the 2009 

snow season. 

 

Risk compensation 

The theory of “risk compensation” proposes that increased protection to an individual with 

the use of safety equipment leads to a compensatory increase in riskier behaviour by that 

individual, thereby negating any protective effect.(38) There is significant debate in the 

literature over this theory,(37, 38) but for snow sports the contention has not been supported 

in recent publications examining the phenomenon in skiers and snowboarders wearing 

helmets.(44, 45) It has been proposed too that the voluntary use of safety equipment by skiers 

and snowboarders was part of a personal intention to reduce risk overall by the 

individual.(45) My study failed to demonstrate any association between risk taking 

behaviour and use of protective equipment, nor any association between risk taking 

behaviour and wrist fracture. The lack of any association suggests, at least in the study 

population, that there was no change in risk taking behaviour associated with the use of 
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protective equipment, and that “risk compensation” is unlikely to be a significant 

consideration in this context. 

 

Assessment of injury prevention strategy 

Although the local injury prevention strategy has not been formally evaluated, and such an 

evaluation was not included as part of the aims of this thesis, the anecdotal evidence 

suggests that it has successfully contributed to a reduction in the morbidity and mortality 

resulting from snow sport injury. Injury prevention campaigns as simple as the one outlined 

above, consisting merely of educating a community and instituting simple policy changes, 

can reduce injury severity and even save lives. 

 

 

4.4 Conclusion and recommendations 

This study explored the association between protective equipment (wrist guards) and injury 

outcomes during snowboarding, with adjustment for potential confounders. It suggested 

that simple, cheap protective equipment (wrist guards) reduced the disease burden of wrist 

fracture in snowboarders by up to 42% in Australian snow conditions, and should be 

recommended particularly for novices and school children. 

 

Injury prevention 

Data from this study should be used to support a program to target beginner snowboarders 

through ski hire outlets and schools, emphasizing the advantages of lessons for beginners 

and use of protective equipment. I hope it will provide a tool to lobby industry locally in 

Australia to promote the use of wrist guards in Snowboarders. I have already seen an 
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increase in discussion of the use of wrist guards in snowboarders, albeit not always 

supportive, by my local ski hire outlets over the last few years, as a result of their 

awareness of my study and the 2004 and 2005 seasons’ questionnaire process. 

 

As snowboard injuries tend to be impact related, and there is a high incidence of wrist 

injury, protective equipment use for this area could be expected to have a major impact on 

injury rates for snowboarders. Reduction in the rates and severity of injury would have 

significant implications for the snow boarding population, as well as the wider community.  

 

Further study 

As one of the rural medical practitioners working closely with the local schools, and 

involved in both the Mansfield Medical Clinic and Mt Buller Medical Centre, there is an 

opportunity to use extant Department of Education injury surveillance programme data to 

see if the policy change at the Mansfield Secondary College has led to a decrease in injury 

in snowboarding students during the schools snow sports programme. Future researchers 

could use the data to investigate the rate of wrist injury for the three years prior to the 

policy change, and then subsequently. Such a study could enable a formal evaluation of the 

injury prevention programme to be undertaken. An example of such work undertaken in 

association with this thesis appears in Appendix IV. 

 

Several authors have commented(22, 62, 64) on the need to investigate the type of wrist guard 

used and its relation to wrist injury protection. Our Medical Centre is currently involved in 

a collaborative study across several ski fields in Australia looking at this issue. 
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Summary 

This case control study tested the hypothesis that there was no association between wrist 

guard use and risk of wrist fractures in snowboarders. The results suggest that the use of 

wrist guards could reduce the risk of wrist fracture in snowboarders by a figure in the order 

of 42%. 

 

Because a third of snowboarders who normally wore wrist guards were not doing so on the 

day of presentation to the clinic, and because school age children were more likely to have 

wrist fractures, there is evidence from this study that wrist guard use amongst school age 

snowboarders should be mandatory.  

 

The size of this study was limited to 494 cases and controls, meaning that some analyses 

failed to reach statistical significance because of the limited sample size. However the 

direction of the trend in the results was consistent with those findings that did reach 

statistical significance, and when taken together with corroborative international literature, 

the evidence is overwhelming that wrist guards should be encouraged for all snowboarders 

in Australia. 

 

With the exception of condoms, there would be very few public health initiatives costing 

under $20 with the potential to reduce the disease burden by over a third. Twenty dollars a 

child is cheap insurance in the context of a ski holiday. Local schools in the Mansfield 

District, near Mt Buller, have adopted a policy of “no wrist guard = no snowboard” on the 

slopes, and it is hoped that other schools visiting Mt Buller, and indeed other ski resorts in 

Australia, will follow this lead. Wider dissemination of these findings to the ski schools on 

the mountains in Australia could provide the necessary evidence to argue for a mandatory 
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policy of wrist guard use in all novice snowboarders, a policy that could be readily enforced 

through ski schools.  
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Appendix I – Medical Journal of Australia Wrist guards 
and wrist and elbow injury in snowboarders. 
 
 
Slaney GM, Finn JC, Cook A, Weinstein P. Wrist guards and wrist and elbow injury in 

snowboarders. Med J Aust. [Letter]. 2008 Oct 6;189(7):412.
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Appendix IIA – Head injury and helmet use 

 

This appendix summarises an opportunistic parallel study of head injuries that was carried 

out at the same time as the main study of wrist injury reported in the body of the thesis. The 

approach was identical to that for wrist injuries, except as detailed below. The results are 

presented here as is a publication resulting from the work(65) (Appendix IIB). 

 

Introduction and background 

This study examines the association between the use of protective equipment (helmets) and 

injury outcomes for snowboarders at Mt Buller, Australia, during the 2004 and 2005 ski 

seasons, with a view to better informing injury prevention strategies in this population. 

 

Since Traumatic Brain Injury is the commonest cause of catastrophic injury and, 

subsequent disability and death in snowboarders, wider use of helmets could lead to a 

reduction in this problem. 

 

The opportunity was thus taken to examine the association between wearing helmets and 

the severity of head injury amongst snowboarders in addition to the main study presented in 

the body of the thesis. 

 

Only nine patients with head injury were recruited into the study because of restrictive 

ethics committee approval parameters.  None of these was wearing a helmet.  
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Method 

The hypotheses relevant to the head injury study presented in this appendix are as follows: 

Hypotheses 

1. Cases (snowboarders with head injuries) are no more or less likely than controls 

(snowboarders without head injuries) to have worn helmets. 

2. The head injury severity in snow boarders without helmets will be the same as the 

head injury severity in snow boarders wearing helmets. 

Sample size 

The Mt Buller Medical Centre treats approximately 100 significant head injuries per 

season. Although the patients with wrist fractures are largely snowboarders, the head 

injuries are distributed more evenly between skiers and snowboarders. There are 

approximately 6 severe head injuries requiring helicopter evacuation per season, most of 

which have small cerebral bleeds and make a full recovery. Deaths do occur however, 

including one case of head injury in a skier in 2003, who was not wearing a helmet. I aimed 

to recruit approximately 100 cases of significant head injury over the course of the study 

period. 

Ethical issues 

Consent to participation in the study was sought from the participants in the same way that 

the medical team usually seeks consent prior to any medical treatment. In the case of head 

injuries, where the patient was either confused or had an altered conscious state, Human 

Research Ethics Committee approval determined that they would be excluded from the 

study. This exclusion criterion had unfortunate consequences for the number of cases in the 

head injury part of the study (see Discussion for details). 
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Description of variables 

 

The information from the questionnaire was coded for analysis according to the variables 

defined in the main body of the thesis. I have included below the variables specific for head 

injury, together with the variable codes used in the Stata analysis to allow for re-evaluation 

of the data if required.  

 

Protective equipment 

The variables for protective equipment were categorised to snowboarders who normally 

wore helmets “normh” and snowboarders who were wearing them on the day of clinic 

presentation, “todh”. 

 

Head injury 

Head injuries were defined according to the degree of head injury by the variable “headi”: 

 “headi” 0 No head injury 

1 Soft tissue with no loss of consciousness 

2 Loss of consciousness with recovery – GCS normal 

3 Altered conscious state – GCS <15  

 

The small numbers of cases that had a head injury in the study were collapsed into a futher 

variable as any head injury – “heading”: 

 “heading” 0 No head injury 

   1 Any head injury 
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Head injury severity 

Head injuries can also be graded in severity, and are assessed clinically on the history of 

loss of consciousness, and current level of consciousness when seen at the clinic as 

determined by the Glasgow Coma Scale (GCS).(66, 67) The GCS provides a score in the 

range 3-15; patients with scores of 3-8 are usually said to be in a coma. The total score is 

the sum of the scores in three categories.  

 

Case definition 

The case definition for head injuries was any snowboarder attending the Mt Buller Medical 

Centre during the 2004 and 2005 snow seasons with a head injury. Three grades of head 

injury were recognised by the examining doctor in order of increasing severity:   

1 - Soft tissue with no loss of consciousness 
2 - Loss of consciousness with recovery – GCS normal 
3 - Loss of consciousness with altered conscious state – GCS < 15 

 

Results 

 
In contrast to the cases recruited with wrist injury, which were presented in the main body 

of the thesis, very few of the patients with head injury presenting to the clinic were 

recruited as cases to the study because of the particularly restrictive ethics committee 

approval parameters. The data for head injury were thus limited as a result of the small 

sample size. The small numbers resulted in difficulty in testing the two hypotheses for head 

injury, namely: 

• Cases (snowboarders with head injuries) are no more or less likely than controls 

(snowboarders without head injuries) to have worn helmets. 
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• The head injury severity in snow boarders without helmets will be the same as the 

head injury severity in snow boarders wearing helmets. 

 

The results relating to head injury are presented in the following two sections, initially with 

a comparison of the characteristics of cases and controls, and then the analysis of helmet 

use. 

 

Characteristics of cases with head injury and controls 

In the study population there were only 9 snowboarders with head injuries (1.8%) as shown 

in Table 17. Most of these head injuries were snowboarders with loss of consciousness and 

recovery at time of presentation to the clinic (LOC with recovery – GCS normal) 

Table 17 - Head injury severity 
Number of observations = 494 

Head injury severity Number Percent 
No head injury 485 98.2 
Soft tissue with no LOC 2 0.4 
LOC with recovery (GCS normal) 6 1.2 
Altered conscious state (GCS<15) 1 0.2 
  
 

Males comprised nearly all of the snowboarders with head injury (88.9%), with only one 

female (11.1%). All the head injuries occurred in cases between ages 12 and 35, with 

66.7% of the head injuries occurring in secondary school age snowboarders, and 33.3% of 

the snowboarders in the age range 20 to 35 years. The data are summarised in Table 18. 
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Table 18 - Characteristics of cases with head injury and controls 
Values are numbers (percentages) 

Characteristic Cases (n=9) Controls (n=485) Difference (Fisher’s exact 
p-value) 

Sex:   0.456 
   Male 8 (88.9) 348 (71.8)  
   Female 1 (11.1) 136 (28.0)  
   Missing data -    1 (0.2)  
Age (years):   0.545 
    <12 0 (0.0)   6 (1.2)  
    12-19   6 (66.7) 209 (43.1)  
    20-35   3 (33.3) 254 (52.4)  
    >35 0 (0.0)  16 (3.3)  
    Missing data - -  
Wearing helmet:   0.374 
     No     9 (100.0) 388 (80.0)  
     Yes 0 (0.0)   87 (18.0)  
    Missing data - 10 (2.0)  

 

 

Univariate analysis head injury and helmet use 

The data were analysed for snowboarders who had head injuries and who were using 

helmets on the day of presentation to the clinic to test the hypothesis that cases 

(snowboarders with head injuries) are no more or less likely than controls (snowboarders 

without head injuries) to have worn helmets. Only nine snowboarders with head injury 

were recruited in the study, and none of these snowboarders were wearing helmets. None of 

the snowboarders presenting to the clinic wearing helmets sustained a head injury as shown 

in Table 18. 

 

On analysis of the data with the two sided Fisher's exact test there was no statistically 

significant relationship between head injury and helmet use (Fisher's exact p = 0.374) 

(Table 18). Because of the significant world literature on helmet use indicating a protective 

effect for head injury,(18, 19, 26, 29) analysis was then performed using the one sided Fisher’s 
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exact test, the result of which was also not statistically significant (1-sided Fisher's exact p 

= 0.165).  

 

For completeness the cohort of snowboarders with head injuries is presented here in Table 

19. 

Table 19 - Head injury severity and helmet use 
Values are numbers 

Wearing helmet Severity of head injury 
 Soft tissue no LOC  LOC with recovery Altered conscious 

state 
    
No 2  6  1 
Yes 0  0   0  

Number of observations = 9 
 

Analysis of the data to test the hypothesis that the head injury severity in snow boarders 

without helmets will be the same as the head injury severity in snow boarders wearing 

helmets could not be performed because of the small number of cases in each category. 

 

Discussion and recommendations 

 

Overview of study outcomes 

 

The study collected data from snowboarders who had sustained a head injury to test the 

hypothesis that cases (snowboarders with head injuries) are less likely than controls 

(snowboarders without head injuries) to have worn helmets.   

 

Only nine patients with head injury were recruited in the study, and none of these were 

wearing helmets. Unfortunately very few of the patients presenting to the clinic with head 
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injury were recruited to the study because of the particularly restrictive ethics committee 

approval parameters: I was not allowed to follow up unconscious cases by subsequent 

telephone contact. Higher numbers of cases would have otherwise allowed sufficient data 

for more extensive analysis. However, since none of the cases with head injury were 

wearing helmets, and none of the snowboarders presenting to the clinic that wore helmets 

had a head injury, there is no reason to suspect that Australian skiers and snowboarders 

would be any different from their overseas counterparts, whose head injury rate is 

dramatically reduced (up to 60%) by wearing a helmet.(18, 19, 26, 29)  

 

The use of helmets for snow sports makes biological sense, is supported by international 

studies and should be recommended for all snowboarders. Since the incidence of Traumatic 

Brain Injury is increasing in skiers and snowboarders, and it is the commonest cause of 

catastrophic injury, subsequent disability and death,(18) wider use of helmets should result 

in a reduction of this problem in the snowboarding population. It is particularly 

disappointing that the ethics committee restrictions negated my ability to interview patients 

with head injury, resulting in a loss of potentially important Australia-specific data. 

 

Translation of research – helmet use and injury prevention strategy 

 

In the main body of the thesis, the change in attitude about the use of wrist guards by 

snowboarders  were detailed. Another change that occurred in the local community, relates 

to helmet use. Prior to my study, ski helmets were an expensive item, usually costing over 

one hundred dollars through local ski hire outlets. This cost was a significant barrier to their 

purchase by many people, and limited their general acceptance by the local skiing and 
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snowboarding community. Following the discussions that were held at the time of 

administering the questionnaire, a local community member returned from a Chamber of 

Commerce trip to the International Ski Show in Las Vegas USA. He was determined to 

import helmets directly from the manufacturers at a discount price. This he subsequently 

did, and now high quality helmets are available at a fraction of the price to the local 

community, and more widely via mail order. In particular, even further discounted helmets 

were provided by him to the local schools, so all school children could own their own 

quality ski helmet for forty dollars.  

 

The use of helmets has since gained further momentum with the publication of national 

press articles about a snowboarder dying from head injuries on a NSW ski resort(21) in 

2006. 

 

The increase in helmet use in my local region is another example of the application of the 

principles of injury prevention. Following education, behaviour change was able to be 

implemented (with significantly discounted helmets for purchase) using a passive 

protective device (a helmet). Other researchers have commented on the effectiveness of 

similar injury prevention programmes, including one study showing that an education and 

helmet loaning programme in Denver, Colorado(68) resulted in a significantly higher rate of 

helmet acceptance by skiers and snowboarders in participating ski hire stores. As a possible 

example of the positive outcomes of the local injury prevention process, on one day alone 

in July 2007, I saw two adolescent snowboarders at the Mt Buller Medical Centre with no 

apparent head injuries, but both with broken helmets. I believe one at least would have been 

dead without a helmet; he had simply fallen at high speed onto the run and his helmet had 

sustained a 5cm diameter depressed concavity in the hard plastic outer shell, with 
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disruption of the underlying foam core. One can imagine what his skull would have been 

like without a helmet. The other snowboarder had hit a tree and split her helmet over the 

temporal region. Such examples reinforce the anecdotal impression that fewer children are 

now presenting to our medical centre with severe head injury. 

 

Conclusion and recommendations 

As snowboard injuries tend to be impact related, and there is a high incidence of head 

injury, protective equipment use for this area could be expected to have a major impact on 

injury rates for snowboarders. Reduction in the rates and severity of injury would have 

significant implications for the snow boarding population, as well as the wider community. 

Particularly for severe head injuries leading to a Traumatic Brain Injury, improved 

awareness of safety factors and the use of helmets could have a profound impact on the 

prevention of an individual’s long-term disability, and a reduction in ongoing health care 

costs to the community. 

 

The use of helmets for snow sports makes biological sense, is supported by international 

studies and should be recommended for all snowboarders. 
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Appendix IIB – Medical Journal of Australia Compulsory 
helmets for school-age skiers and snowboarders. 
 
 

Slaney GM, Finn J, Cook A, Weinstein P. 2007 Compulsory helmets for school-age skiers 

and snowboarders. Medical Journal of Australia;[letter];187(5):319-20. 
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Appendix IIIA – Letter to local schools 
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Appendix IIIB - Letter from Mansfield Secondary 
College to parents 
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Appendix IV - Australian Journal of Rural Health 
Community driven intervention to reduce injury rates in 
school age snowboarders 
 

Slaney GM, Weinstein, P. Community driven intervention to reduce injury rates in school 

age snowboarders. Australian Journal of Rural Health; (Accepted subject to minor 

revisions 28/4/2009). 
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Appendix V - Questionnaire 
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Appendix VI - Risk questionnaire completion and wrist 

fracture 

 

The sudden loss of function of the dominant hand has a substantial effect on a person’s 

ability to function. In particular, tasks of daily living can be severely compromised. In the 

infrequent situation of bilateral wrist fractures and subsequent bilateral forearm casting 

basic hygiene functions become challenging and the injured snowboarder needs a very 

close friend (or perhaps a friend who will get very close) see Figure 1. There were two 

snowboarders who sustained bilateral wrist injuries in the study. To examine the 

relationship between the disruption in manual dexterity and wrist fracture, the successful 

completion of the risk taking questionnaire was tabulated against wrist fracture in Table 20: 

 
Table 20 - Risk questionnaire completion and wrist fracture 
Values are numbers (percentages)  

Characteristic Cases (n=119) Controls (n=375) Difference (p-value) 
Completed risk questionnaire:   0.062 
     No   7 (5.9)   9 (2.4)  
     Yes 112 (94.1) 366 (97.6)  
    Missing data - -  
 

The relationship between wrist fracture and incomplete questionnaire approaches 

significance, suggesting that manual dexterity is reduced by wrist fracture. 
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Figure 1 - Hygiene challenges with bilateral wrist fractures 
 

 
 


