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Abstract To accurately inform injury-prevention initiatives an in-depth evaluation 
of the utility of injury-incidence databases is essential. As part of development of a 
5-year national injury-prevention strategy for snow sports in New Zealand, injury 
rates were compared in two databases: the Accident Compensation Commission 
(ACC) claims database of all snow-sports injuries treated by physiotherapists or 
doctors and the national incident database (NID) of injuries treated at all commer-
cial ski areas. The ACC database focuses on treatment costs, whereas the NID data-
base provides details of skier/boarder ability, terrain, surface condition, visibility, 
and equipment factors, all important information for developing injury-prevention 
interventions. The total injury rate in the ACC database was 8.8 injuries per 1000 
skier/boarder days in the 2010 and 2011 winter seasons. The NID revealed that only 
one-third of these injuries were assessed and treated at mountain clinics. Sprains 
accounted for the greatest difference in injury rates between the ACC and the NID 
(5.3 and 1.3, respectively). Rates of all other main types of injury where higher in 
the ACC. This “bypass” effect likely represents a delay in seeking treatment that 
may be explained by increased swelling or pain after leaving the ski area. The 
bypass effect presumably applies to injury rates in all studies based solely on 
mountain- clinic incident data and needs to be taken into account when assessing 
injury trends and aetiology in alpine skiing and snowboarding.
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1  Introduction

The development of the New Zealand snow sports injury-prevention strategy [1] 
provided the impetus to increase understanding of skiing and snowboarding injuries 
and apply discoveries made. Traditionally, the magnitude of the injury problem in 
alpine skiing and snowboarding was solely determined for Ski Areas Association 
New Zealand (SAANZ) using the national incident database (NID) database. NID 
analysis provided only one part of the picture, injured people that were assessed and 
treated at all commercial ski areas. To determine the true magnitude of the injury 
problem, the proportion and type of injuries that bypass mountain clinics then seek 
treatment off-the-hill needed to be determined. The Accident Compensation 
Commission (ACC) database provided all personal injury claims for snow sports; 
comparison of both the NID and ACC would provide a complete picture.

2  Aims

The primary aim of this study was to quantify the magnitude and nature of the injury 
problem in alpine skiing and snowboarding in New Zealand. The secondary aims 
were to determine the utility of two snow-sports injury databases and inform the 
development of a national injury-prevention strategy.

3  Methods

The NID incident reporting form was revised by the primary researcher and a SAANZ 
working group in the summer of 2010 prior to commencing NID data collection. 
Data collected at all ski areas was modified and expanded to include: resident or non-
resident; free text space for description of the incident; fall, jump/landed, or slide; 
type of lift (chair-lift, Tbar, platter, ropetow, carpet lift, fixed grip tow); equipment 
ownership (self-owned, borrowed, rented on-hill, rented off-hill); equipment mainte-
nance (binding calibration this season, >1 season, or never) and ski-binding release 
settings; skier height and weight; ski-binding release, no release, or premature 
release; and, terrain-park detail (box, jump, or rail). Activity, collision factors, visibil-
ity, snow conditions, protective equipment, and the injury code data points were 
retained unchanged. Ethics approval was gained from the Auckland University of 
Technology ethics committee (#14146) and the ACC ethics committee (#258). 
Descriptive epidemiological analyses and comparisons were made of ACC personal 
injury claimant data from the legislated government no-fault insurance scheme and 
the NID for incidents treated at all commercial ski areas 1 June to 31 October in 2010 
and 2011. SAANZ provided population numbers for each season using ticket sales 
and season pass records. The ACC diagnosis, read code, and read code description 
data were used to group ACC data into the condition categories used in the NID. 
Analysis of the comprehensive cost details in the ACC data was not undertaken. 

B. Costa-Scorse et al.



43

Medical condition categories in the NID were not included. Both data sets were eval-
uated for completeness by undertaking checks of blank fields and missing codes.

Proportions of injuries and injury risk were analysed using Poisson or logistic 
regression. Analysis was performed with the Statistical Analysis System (SAS). 
Injury rates per 1000 skier days were determined using SAANZ population data. 
A factor of 0.82 was applied to ACC injury counts to remove injuries that occurred 
outside commercial ski areas and thereby, allow comparison with NID counts. 
The p value for the difference of the rates was derived by assuming the normal 
approximation for the sampling distribution of the two proportions and by assuming 
(conservatively) the independence of the two proportions. The ratio of the propor-
tions was assumed to have a log-normal sampling distribution, and the confidence 
limits for the ratio were derived from the p value using a spreadsheet [2]. 
The magnitude- based inference to assess the uncertainty in the outcomes was also 
calculated in this spreadsheet. Proportion ratios of 0.90 and the inverse 1.11 were 
assumed to be the smallest clinically important ratios.

4  Results

The ACC database provided body part injured and diagnoses on 24,793 incident 
claims. The data required considerable checking, filtering, and manipulation to 
resolve inconsistencies in recording the nature and location of injuries. Missing data 
were found for <2% of ACC cases; these blanks did not impact determination of a 
diagnosis. ACC incorrectly attributed <0.01% of snow-sports injuries to water- 
skiing, jet-skiing, or wakeboarding. Free text written by the injured skier or snow-
boarder (claimant) describing the mechanism of injury were not thematically 
analysed as apart from “fall” there was no consistency in terms.

The NID provided comprehensive descriptive data on 7851 incidents. Ski- 
binding release, non-release, and ski equipment servicing data were collected only 
in skiing knee and lower-leg injuries. Missing data were found for <1% of NID 
cases; these blanks did not effect determination of a diagnosis. There were no dif-
ferences in NID incident reporting practices at small ski areas staffed solely by ski 
patrollers when compared to large ski areas staffed by doctors, nurses, radiogra-
phers, and ski patrollers. Coding of injury severity was not consistent in the NID. For 
example, fractures that occurred in the same part of the body were either coded 
status three moderate or status four minor. Status codes were also problematic in 
three cases where minor injuries were incorrectly recorded at one ski area as 
deceased. A ski area manager corroborated the coding error. Mortality data from the 
Coronial Services of New Zealand confirmed the dates, times, and causes of three 
ski area fatalities (two skiers, one snowboarder). Two of three of these fatalities 
were recorded as status one critical, and the third fatality was not recorded.

The overall injury rate for the combined winter seasons 2010 and 2011 was 8.8 
per 1000 skier/boarder days (ACC) and 3.2 per 1000 skier/boarder days (NID). 
Sprains accounted for the biggest difference in injury rate between the ACC and the 
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NID (5.3 and 1.3, respectively). Figure 1 provides a graphic of the differences in all 
injury categories.

In comparing the injury counts per 1000 skier/boarder days for the ACC and NID 
shown in Fig. 1, sprains were 5.3 vs. 1.2 (ratio 4.3, 99% confidence interval, confi-
dence interval 4.2–4.5); fractures 1.2 vs. 1.0 (ratio 1.28, 1.19–1.36); soft tissue 1.0 vs. 
0.34 (ratio 2.9, 2.7–3.2); concussion 0.38 vs. 0.27 (ratio 1.4, 1.3–1.6); lacerations 0.31 
vs. 0.21 (ratio 1.5, 1.3–1.7); dislocation 0.23 vs. 0.18 (ratio 1.3, 1.1–1.5); and other 
injuries (burns, nerve injuries, foreign bodies, dental) 0.09 vs. 0.09 (ratio 1.0, 0.8–1.3). 
Internal injuries were extremely rare: 8 ACC cases and 15 NID cases, respectively.

The approximate proportion of the population active in each snow sport were: 
61% skiers, 32% snowboarders, 7% both ski and snowboard. Skiers suffered more 
sprains than snowboarders (ACC 68% vs. 54%; NID 48% vs. 28%), less fractures 
(ACC 10% vs. 21%; NID 21% vs. 38%), and similar proportions of concussion 
(ACC 4% vs. 5%; NID 8% vs. 9%). The proportions of other injury categories were 
similar for skiers and snowboarder. Similar agreement between the ACC and the 
NID were found for body part injured. For example, sprains commonly involved the 
knee in skiers vs. snowboarders (ACC 33% vs. 15%, NID 54% vs. 21%), whereas 
snowboarders had more wrist fractures than skiers (ACC 54% vs. 24%, NID 57% 
vs. 22%). Sustaining a fracture of the lower leg remained the domain of skiers rather 
than snowboarders (ACC 16% vs. 3%, NID 16% vs. 2%).

5  Discussion

The purpose of this study was to quantify the magnitude and nature of the injury 
problem in alpine skiing and snowboarding in New Zealand, determine the utility of 
two snow-sports injury databases, and inform the development of the national 
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Fig. 1 ACC and NID comparison of injury type per 1000 skier/boarder days
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injury-prevention strategy [1]. An understanding of the coding, classifications, and 
terminology used in each database is the first requirement for undertaking a study 
that compares data [3]. ACC used a single diagnosis code for an individual claim-
ant; multiple injuries were not captured in the code. The compact hierarchy of medi-
cal codes were developed by Dr. James Read in 1983 to cater for computer systems 
that had limited memory. Discordance relating to diagnosis may occur when assign-
ing the Read code, and the code may also be applied incorrectly [4–7]. In New 
Zealand, there has been no systematic education for health professionals on how to 
use Read codes, this lack of education has added to concerns that diagnostic coding 
errors may occur [6]. However, missing diagnoses in the ACC database of <2% 
would not be an issue for assessment of trends in injury incidence.

The NID used simplified diagnostic codes for up to three injuries for one indi-
vidual, with a four part number and letter system for status, body part injured, side 
and condition. These nomenclatures added an element of sophistication and pro-
vided description of individual skiers or snowboarders who had multiple injuries. 
The small percentage of NID coding errors was seemingly typographical. Use of 
status 1 (critical problem with an immediate threat to life) as opposed to status 0 
(dead) may have been due to patients being under resuscitation at the time of hando-
ver to the helicopter emergency medical service. Missing diagnoses in the NID 
database of <1%, as for the ACC, would not be an issue for assessment of trends in 
injury incidence.

Statistical methods have been designed to support comparison of injury inci-
dence in studies of snow sports [8–11]. When comparing studies consideration 
needs to be given to the fact that some jurisdictions only include injuries that have 
been assessed and diagnosed by medical practitioners and other areas may only 
analyse ski patrol data. Depending on what data is entered into the incident data-
base the number of injuries and patterns of injury may increase or decrease. 
Medical practitioner incident data may have less minor injuries than ski patrol 
data. For example, a skier suffering a minor laceration from a ski-edge may only 
require first aid, not require suturing, and therefore, will not see a doctor. In New 
Zealand, regardless of the staff skill mix lacerations were recorded as soft tissue 
injuries in the NID. This reporting culture may lead to an increased proportion of 
soft tissue injuries when compared with other studies. Importantly, there was no 
difference in accuracy of data entry when comparing small New Zealand ski areas 
staffed solely by ski patrollers and large ski areas staffed by a mixed medical 
team. These finding correlate with Canadian analysis of ski patrol information 
quality [12].

Norway has a central registry representing 53% of skier/boarder days; 1.3 inju-
ries per 1000 skier/boarder days occurred in the 2008/2009 and 2009/2010 seasons 
[13]. In a study of 10 French ski areas in 2007 and 2010, Laporte et al. [14] found 
that incident rates fell from 2.8 to 2.4 per 1000 skier/boarder days. Shealy et al. [15] 
found that the weighted US skiing incident rates in national ski areas association 
data declined from 3.1 in 1980 to 2.5 per 1000 visits in 2010. The NID incident rates 
for skiers and snowboarders treated at ski areas in New Zealand were higher than 
France, Norway, and the USA.
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The substantially higher injury rate in the ACC compared with the NID repre-
sents a “bypass effect”. This effect is most likely due to evolving symptoms leading 
to first presentations occurring off-the-hill and the no-fault accident compensation 
system that covers personal claims. For example, symptoms of concussion may not 
develop immediately following an incident on the snow. Injured international skiers 
and snowboarders are unlikely to return home for first treatment as ACC covers 
treatment costs, and New Zealand is an international flight away from other coun-
tries. Ski areas located in large continents are likely to see bypass as injured skiers 
and snowboarders return to their state or country of origin, making it difficult to 
capture this group of injured.

The ACC system has been heralded as a world-leading solution when comparing 
medical systems that have burgeoning costs, but it has also been criticised for its 
potential for false claims by individuals who did not sustain an acute injury in the 
activity that was registered in the claim [16, 17]. It seems unlikely that there would 
be a substantial misattribution of injuries to snow sports. However, the ACC system 
may promote claims for minor injuries where the individual in a user pays environ-
ment possibly would not seek treatment. Injured individuals can make a personal 
injury claim with a medical practitioner, physiotherapist, or other ACC accredited 
health provider. The choice of treatment modality may in-part explain higher injury 
rates in the ACC data. For example with universal insurance cover, a skier or snow-
boarder with back strain can present directly to a physiotherapist or chiropractor for 
assessment and treatment at no cost or a low cost surcharge and ACC will cover the 
remaining treatment costs. In other health systems, the back sprain incidence may 
be lower as skiers and snowboarders opt for self-management rather than register-
ing as injured.

High proportions of knee sprains in skiing were found in recent epidemiological 
studies [13, 14, 18–20]. The large numbers of knee sprains bypassing mountain 
clinics in New Zealand highlight that the problem is greater than previously consid-
ered. Delays in seeking assessment and treatment for sprains can be explained by 
swelling evolving over time, increasing limitation of movement, and difficulty with 
managing pain. Grades of medial collateral ligament injury provide a possible 
explanation for bypassing mountain clinics [21]. Grade I knee injuries may be pain-
ful in the days after skiing but have no laxity and would probably not limit a skier 
getting off-the-hill without assistance. Grade II knee injuries involve separation of 
the collagen fibres of the medial collateral ligament, have partial laxity, and may 
involve the joint capsule, anterior and/or posterior cruciate ligament. Depending on 
the degree of disability and laxity, grade II medial collateral knee ligament injury 
may not present at mountain clinics or seek assistance from ski patrollers for extri-
cation by toboggan. However, it is likely that grade II injured individuals would 
have difficulty getting on and off a chair-lift. Grade III medial collateral knee liga-
ment  injuries are a severe injury that would limit capacity to continue skiing. The 
complete rupture that occurs in a grade III injury, lax joint, and increased chance of 
haemathrosis would mean that this group of injured skiers would likely present to 
ski patrol on-the-hill. Skiers with grade I or grade II injuries possibly take a wait and 
see approach to see what level of disability exists in the days following skiing. 
There was no difference in the definition of a sprain in the NID and ACC coding that 
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could lead to an alternative explanation for the high proportion of knee sprains in 
the ACC data.

Both databases indicated that fractures of the lower leg were more common in 
skiers than snowboarders. The sharp decline in lower-limb fractures seen after the 
invention of the dual-direction ski-binding in the 1970s and 1980s has not been sus-
tained [22–24]. Poor ski-binding maintenance, incorrect release settings, ill- fitting 
ski boots, changes to skiing style, and skiers unprepared for the trajectory of the carv-
ing ski are possible explanations for the continued issue of fractures of the lower leg.

The ACC and the NID reported higher proportions of wrist fractures in snow-
boarders when compared to skiers; this is consistent with findings in other studies 
[25, 26]. The mechanics of falling on an out-stretched hand and frequency of falling 
when snowboarding (particularly for novices) explains the difference in injury pro-
portions [27]. Interventions to reduce the incidence of wrist fractures in snowboard-
ers could include instruction on staying upright, instruction on how to fall, and 
increased use of wrist protectors [28].

The proportions represented by concussion in skiers and snowboarders were sim-
ilar. Further research is needed to describe the nature of head injuries in skiers and 
snowboarders in New Zealand. In the interim, analysis of head injuries elsewhere 
has provided sufficient evidence for promoting the wearing of helmets [29–31].

6  Conclusion

Researchers informing the development of injury-prevention interventions should 
not rely solely on one injury database. Bypass injury rates are needed to determine 
the true magnitude of the injury problem in skiing and snowboarding. Insurance 
databases are a relatively blunt tool for determining behavioural, equipment, or 
environmental risk factors. Mountain-based epidemiological studies provide the 
detail required to inform injury-prevention initiatives. Increased understanding is 
needed on the demographic of skiers and snowboarders who delay seeking treat-
ment, as early intervention may reduce severity and enhance recovery.
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