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Summary
The most recent VISAR data suggest that
each year in Victoria there are at least five
deaths, approximately 6,500 hospital
admissions and an estimated 30,000 ED
presentations for sport and active
recreation injury.
We are not able to identify the sports and
active recreation activities with the
highest risk of injury because of the lack
of participation and exposure data (hours
spent playing and training). The sports
that rank highest in terms of hospitaltreated injury frequency are: Australian
football, basketball, soccer, netball and
cricket. Active recreation activities that
rank highest for hospital-treated injury

are bicycle riding, playground equipment
related injury, motor/trail/mini-bike
riding, skating [including inline skating
(roller blading), skateboarding and
rollerskating] and horse riding. If we want
to reduce injury-related morbidity,
prevention efforts should be directed
toward these sports and active recreation
activities.

injury (in gridiron), prophylactic ankle
taping to reduce ankle injury, plyometric
(jump) training to reduce knee injury,
training in safe landing techniques and
standardised adjustment of bindings to
reduce the risk of injury in downhill skiing
and the wearing of wrist guards and elbow
pads to reduce the risk of upper extremity
injury in inline-skating.

There is moderate-to-good evidence for
the injury prevention effects of ankle
bracing to reduce ankle ligament injury,
shock absorbing insoles to reduce lower
extremity stress fractures, ankle disk
training to reduce ankle and knee injury,
knee bracing to reduce knee ligament

Clubs and associations are encouraged
to develop and implement a risk
management (sports safety) plan to
systematically reduce the incidence of
injury in players.
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Introduction

Method

The risk of injury from sport and physical
activity can interfere with the enjoyment
of participation and reduce the long-term
health benefits. Injuries can also result in
lost work time or in extreme cases,
disability or death (1).

Data for the present edition of Hazard
were extracted from three injury databases held or accessed by VISAR:

It is difficult to get a complete picture of
the size and nature of the sports injury
problem in Victoria. There is no
comprehensive sports injury surveillance
system that collects data from the full
range of treatment facilities (hospitals,
sports medicine centres, general
practitioners and physiotherapists).
Although not a representative sample of
all sports injury cases, the Victorian
hospital emergency department
surveillance system [Victorian Emergency
Minimum Dataset (VEMD)] has the
potential to yield useful information.
Both hospital-based injury data
collections, the Victorian Admitted
Episodes Database (VAED) that covers
admissions and the VEMD, underestimate the size of the hospital-treated
injury problem because the coding
systems do not allow full capture and
categorisation and there are substantial
missing data (2). Moreover, hospital data
collections are biased toward acute
injuries because people with overuse
injuries generally seek treatment
elsewhere. Watson and Ozanne-Smith
(1997) estimated that the total lifetime
cost of hospital and GP-treated sports
and recreation injuries in Victoria for
1993-4 was $5.6m, including both direct
and indirect costs (3). This is an underestimate because calculations were based
on the incomplete hospital data available
at that time.
The aim of this edition of Hazard is to
provide an overview of the available
sports injury data held or accessed by the
Victorian Injury Surveillance and
Applied Research (VISAR) program.

• National Coroners Information
Service (NCIS) - a national coronial
database that holds deaths from
external causes in Australia (July 2000June 2002),

• Victorian Admitted Episodes Dataset
(VAED) - Victorian public and private
hospital admissions (July 2000-June
2001) and;
• Victorian Emergency Minimum
Dataset (VEMD) - Victorian public
hospital emergency department (ED)
presentations (January 1999December 2001).
The method for extracting data is shown
in Box 1.

BOX 1. Process for extracting sports and active recreation
cases from death and hospital databases
Data were extracted from the National Coroners Information System (NCIS), the Victorian
Admitted Episodes Dataset (VAED) and the Victorian Emergency Minimum Dataset
(VEMD). Data from each database were extracted using different methods and for different
periods because of coding issues within each database.
The NCIS database holds deaths data from external causes in Australia and was established
in July 2000. It is designed to include a record for every death reported to a participating
Coronial office in Australia. All jurisdictions except Queensland have participated since
July 1, 2000. The completeness and quality of data is being assessed and data should be
interpreted cautiously until that process is finished. Deaths were selected if the activity at
time of death was coded under ‘sports and active recreation activity’. There were at least 105
deaths in Australia over the two-year period July 2000-June 2002, nine of which occurred
in Victoria.
The VAED records hospital admissions for all Victorian hospitals, both public and private.
VAED data are coded using the WHO International Classification of Diseases (ICD) coding
system. To calculate trend data for the years 1989/90 up to and including 1997/98 (Figure
1), data were selected using the ICD version 9 classification of injuries which only included
two specific cause codes; ‘struck by person or object – in sports’ and ‘fall in sports’. For
these years bicycling and horse riding admissions were not included because there was no
specific activity code that separates sports from other activities, for example transport. ICD
version 10 (Australian Modification) was introduced in July 1998, which improved capture
of sports injury because a specific code for sports activity was introduced (n=11,902 cases).
Further improvements occurred in July 2000 when codes identifying nine of the major sports
and recreational activities were introduced (n=6,543 cases). Coding of the full range of
sports, recreational and leisure activities will be introduced in 2002 which has the potential
for 100% capture of sport and active recreation injury.
The VEMD records public hospital presentations to 28 EDs, representing approximately
80% of statewide ED presentations. For this report data were extracted by first selecting
records where the activity was ‘sport’ or ‘leisure’ excluding injuries that occurred in the
home, intentional injuries, motor vehicle cases, and motorcycle cases that occurred on the
road, street and highway. Sports and active recreation cases that occurred in the education
sector were included. Using this method we identified 138,515 sport and leisure ED
presentations (admissions and non-admissions) for the period 1999 to 2001. Narrative data
was then utilised to identify the specific sport being played at the time of injury but the
completeness of narratives varies across hospitals. The specific sport and active recreation
activity being played at the time of injury was identified in only one-third of ‘sport’ and
‘leisure’ cases (n=45,758). We estimate that there were probably double that number of
sports and active recreation cases between 1999 and 2001 (specified and unspecified) taking
account of the proportion of ‘leisure’ cases that were not active recreation.
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Results
Deaths

Patterns of sport and active recreation injury,
hospital treated injury

Table 1

NCIS provides detailed information on
the activity being engaged in at the time
of death. One hundred and five deaths
associated with sport and active recreation are recorded for Australia on the
NCIS for the period July 2000 to June
2002 (except for Queensland where data
are only recorded from January 2001).
Deaths occurred in at least 25 identifiable
sport and recreation activities. In 20 cases
the activity was not specified.
The activities in which more than one
death occurred were: swimming (24),
motor cycling (14), fishing (8), underwater
sports (scuba diving/snorkelling) (8),
surfing (5), ‘other water-based activities’
(3), other boating and snowboarding (2).
Single deaths were recorded for yachting,
water-skiing, horse-riding, rock-climbing,
paragliding, parachuting, other ‘aero’,
other adventure, hang gliding, cycling,
canoeing, and athletics.
Nine of the 105 deaths (9%) occurred in
Victoria. They were associated with
surfing (2), canoeing, ‘other boat’, hang
gliding, other water team sports, underwater sports, parachuting and paragliding.
NCIS death data are currently incomplete.

Hospital-treated injury
Table 1 compares the pattern of sport and
active recreation injury in VAED hospital
admissions (n=18,445 cases) and VEMD
ED presentations, non-admissions
(n=59,382 cases).
Males account for approximately threequarters of injury cases at each level of
severity. This is probably related to the
higher overall participation of males in
sport and active recreation activities and
in ‘contact’ sports and ‘adventure-style’
active recreation activities.
Comparing the pattern of injury in ED
presentations to admissions it appears that:
• admitted cases are more heavily
weighted towards the oldest age group
(25+ years);

Sources:
Hospital admissions: VAED July 1998- June 2001 (3 years)
Hospital ED presentations (non-admissions): VEMD Jan 1999 to Dec 2001 (3 years)
Note: *This dataset includes all non-admitted cases where the activity was classified as ‘sport’ (n=37,544) plus selected
sport and active recreation cases from the ‘leisure’ and ‘education’ activity sub-sets where the sport or active recreation
activity was specified (n=21,376 and n=462 respectively).

• patients with lower extremity injury
predominate in hospital admissions
whereas patients with upper extremity
injury form the highest proportion of
ED presentations;
• over one-half of admissions are
fracture/dislocation cases whereas
they form only 29% of non-admitted
cases; and
• falls and collisions are the most
common causal mechanisms for injury
in both datasets.

Implications for prevention
The most frequently occurring hospitaltreated injuries overall are hand, wrist
and finger fractures, ankle sprains and
strains, shoulder fractures and dislocations
and knee sprains and strains. Ankle sprains
and strains are less prominent in hospital
admission and facial fractures more
prominent, compared to ED
presentations.
On the basis of this analysis, countermeasures that could be considered include:
wristguards (for wrist and forearm injuries);
protective gloves (for hand and finger
injuries); ankle taping and bracing, ankle
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disc balance board training, attention to
take-off and landing techniques and rule
changes to prevent foot conflict (for ankle
injuries); balance board and plyometric
(jump) training and attention to playing
surface characteristics (for knee injuries);
shoulder padding and special exercise and
conditioning programs (for shoulder
injuries); and faceguards and strict control
of foul-play (for facial injuries). The
strength of evidence for the effectiveness
of these preventive measures varies (see
Discussion section).

Rate per 100,000 of sports related hospital admissions Figure 1
(Victorian Admitted Episodes Dataset, July 1989-June 2001)

Hospital admissions
VAED data show that there were at least
18,445 sport and recreation injury
admissions to Victorian public hospitals
over the latest three-year period. Figure 1
shows the trend in sports and active
recreation injury admissions over the 12year period from 1989/90 to 2000/01. The
trend line suggests that the rate of
admissions is increasing but a firm
conclusion cannot be drawn because of the
influence of the changed funding
arrangements in public hospitals introduced
in July 1993 (casemix funding), and
improved capture with the introduction of
the ICD10 in July 1998. The rate for the
latest year (135 cases per 100,000
population) is probably the most accurate
measure to date of the real admission rate.
The description of admissions that follows
is based on VAED data for the latest year
(July 2000 to June 2001) because this is the
only year in which cases are coded for the
actual sporting activity being engaged in at
the time of injury.
Figure 2 shows the age and gender
breakdown for all sports injury admissions
to Victorian hospitals during 2000/01.
For every age group the rate of injury for
males was higher than for females but
without exposure data we cannot conclude
that males are at higher absolute risk of
serious injury than females. The highest
rates of sports injury admissions for males
were in age groups 15-19 years (641.9
admissions per 100,000) and 10-14 years
(517.9/100,000). The same two age groups
figured prominently for females, although
the rate for 10-14 year olds (159/100,000)
was higher that for 15-19 year olds.

Rate per 100,000 of sport related hospital admission
Figure 2
by age and gender (Victorian Admitted Episodes Dataset, July 2000-June 2001)

The major causes (mechanisms), body
sites injured and the nature of injury are
shown in Table 1. Falls and collisions
were the major mechanisms of injury.
The most frequently occurring serious
injuries were forearm fractures and
dislocations, knee sprains and strains,
hand, wrist and finger fractures and facial
fractures.
Australian football accounted for 30% of
hospital admissions. Other sports and
active recreation activities that contributed
sizeable proportions of admissions were
soccer and basketball (each contributing
7% of admissions), skating [including
inline skating (rollerblading), roller-

skating and skateboarding (6%)], netball
(5%) and cricket (4%). ‘Other’ and
‘unspecified’ sports are classified together
and account for over a third of admissions.
‘Other’ sports include physical activities
with a described functional element such
as golf, tennis, jogging, riding, athletics,
skiing, swimming and water-skiing.

Hospital emergency department
presentations
There were 40,281 presentations (nonadmissions) where the sport or active
recreation activity could be identified on
the VEMD for the 3-year period 19992001. There were an additional 19,101
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cases where the activity was classified as
‘sport’ but the sport or active recreation
activity was not identified (see Table 1).
The number of presentations is an underestimation because the system relies on
the one line case narratives to identify the
sport being played at the time of injury
and there are significant missing data (Box
1). This introduces the possibility of
sample bias but there is no reason to
believe that there is any systematic bias in
the entry of case narrative data for any
specific sport. Also, the ranking of sports
for injury in ED data is very similar to
that found for hospital admissions data.
Figure 3 shows the age and gender
breakdown for all sport and active
recreation presentations between 1999 and
2001. For all age groups except 75-79
years, males account for more presentations than females. The discrepancy
between the number of presentations for
males and females is lowest in the younger
age groups (0-4 years and 5-9 years) and
highest in the middle age groups (15-19,
20-24, 25-29 and 30-39 years).

Frequency of sport and active recreation related
hospital ED presentations (n=40,281)
(Victorian Emergency Minimum Dataset, 1999-2001)

Figure 3

The thirty sport and active recreation activities
Table 2
most associated with hospital ED presentations (n=40,281)

The major causes (mechanisms), body
sites injured and the nature of injury are
shown in Table 1. Falls and collisions
were the major mechanisms of injury.
The most prominent injuries were ankle
and knee sprains and strains, hand, wrist
and finger sprains and fractures and
shoulder and forearm fractures and
dislocations.
Table 2 shows the thirty sports and active
recreation activities most associated with
hospital ED presentations (non-admissions)
based on frequency data. These sports and
active recreation activities are highly ranked
in terms of injury frequency but they may
not necessarily be the highest-ranked sport
and recreation activities for injury risk
because exposure data are needed to
calculate the comparative risk of injury
across activities.
The five highest ranked sports for ED
presentations are Australian football (22.0%
of all sports and active recreation activities
where activity is specified in the VEMD),
basketball (8.8%), soccer (6.4%), netball
(6.0%), and cricket (4.9%). Table 2.

Source: VEMD 1999-2001 (3 years)
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The five highest ranked active recreation
activities for ED presentations are bicycle
riding (14.7% of all sport and active
recreation activities where activity is
specified in VEMD), playing on play
equipment (6.0%), skateboarding and inline skating combined (5.1%), motor/trail/
mini-bike riding (4.5%), and horse riding
(3.4%). Table 2.

Upper extremity injury (n=708, 36%)
Australian football
Figure 4
injury by body site and severity

hand /wrist
/fingers 18%, 26%
forearm 11%, 3%

Injuries to the upper extremity were
mostly hand and finger fractures and
dislocations (representing 14% of all
Australian football admissions) and
forearm fractures and dislocations (10%).
Falls (32%) and hit/struck/crush incidents
(30%) were the most common mechanisms of upper extremity injury.

head/face 26%, 21%

Lower extremity injury (n=545, 28%)

Highest ranked
sports and active
recreation activities
for injuries

shoulder /upper
arm 7%, 12%

This section provides an overview of the
available data for the ten sports and active
recreation activities that were most
commonly involved in hospital presentations and admissions.

trunk 8%, 7%

Head, face and neck injury
(n=498, 26%)

The analysis of injuries in sports utilises
VAED admissions data and VEMD
presentations (non-admissions) data.
Presentations (non-admissions) data were
selected from the VEMD for the threeyear period 1999-2001. Admissions data
were selected from the VAED for the
one-year period between July 2000 and
June 2001. The time period is not the
same for the two datasets because only
one year of injury data for specific sports
was available on the VAED.
The active recreation activities analysis
utilises VEMD data for the three-year
period 1999-2001 for both admissions
and presentations (non-admissions)
because the VAED only has limited
coding for active recreation activities.

The five highest ranked
sports for injury
1. AUSTRALIAN FOOTBALL
As expected males accounted for more
than 95% of both admissions and
presentations. Approximately half of both
presentations and admissions were
persons aged between 15 and 24 years.

Injuries to the lower extremity were mostly
knee sprains and strains (8% of all
Australian football admissions) and ankle
fractures and dislocations (5%). Falls
(22%), hit/struck/crush (20%) and
overexertion or strenuous movements
(19%) were the major mechanisms of
lower extremity injury.

knee 13%, 7%

ankle 7%, 10%

Injuries to the head, face and
neck were predominantly intracranial
injury (11% of all Australian football
admissions, mostly concussion) and facial
fractures [11%, jaw (57%) and nose
(38%)]. Most head, face and neck injuries
were the result of hit/struck/crush
incidents (72%). A further 13% were
caused by falls.

ED presentations (n=8 863,
average annual frequency n=2 954)
other 10%, 14%
Source: admissions-VAED July 2000-June
2001, presentations-VEMD 1999-2001

Hospital admissions (n=1 947)
The upper extremity was the most
frequently injured body site (36%),
followed by the lower extremity (28%)
and the head/face/neck (26%). Fractures
and dislocations accounted for 60% of
admissions. Sprains and strains (13%)
and intracranial injuries (11%) were also
prominent. The major causal mechanisms
were hit/struck/crushed (42%) and falls
(24%).

As for admissions the upper extremity
(43%) is the most frequently injured body
site, followed by head/face/neck (24%)
and the lower extremity (23%). In contrast
to hospital admissions, sprains and strains
(30%) outnumber fractures (26%). The
major causal mechanisms were struck by
person or object (73%) and falls (24%).

Upper extremity injury [n=3 769,
average annual frequency n=1 256
(42%)]
Injuries to the upper extremity were mostly
hand and finger fractures and dislocations
(13% of all Australian football presentations), shoulder fractures and dislocations
(6%) and wrist fractures and dislocations
(4%). Sixty-five percent of upper
extremity injuries were caused by
collisions with persons or objects. A
further 28% were caused by falls.
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Head, face and neck injury
[n=2 123, average annual
frequency n=707 (24%)]
Head, face and neck injuries were mostly
intracranial injuries (5% of all Australian
football presentations), open wounds of
the face (4%) and fractures of the face
(3%). Eighty-seven percent of head, face
and neck injuries were from collisions
with other persons or objects.

Lower extremity injury [n=2 025,
average annual frequency n=675
(23%)]
The most common injuries to the lower
extremity were ankle (7% of all Australian
football presentations) and knee (5%)
sprains and strains. The most frequently
occurring mechanisms of lower extremity
injury were falls (46%) and collisions
with other persons and objects (39%).

Implications for prevention
This analysis indicates that injury
prevention efforts should be directed
toward preventing hand and finger injury,
concussion, facial fractures, shoulder and
forearm fractures and dislocations, and
ankle and knee sprains and strains. Helmet
wearing and mouthguard usage are
potential preventive measures and a
randomised trial is in progress to test
effectiveness of these items (Personal
communication, C. Finch, Trauma and
Sports Injury Prevention Research Unit,
Monash University). Widespread use of
external ankle supports and protective
gloves should also be considered.
Proprioceptive (joint awareness sense)
training and attention to correct landing
and cutting techniques are potential
countermeasures to knee injury. (See Box
2 to access a detailed countermeasure
review for Australian football.)

2.

BASKETBALL

Approximately three-quarters of hospital
admissions and two-thirds of presentations were males. Persons aged 15-24 had
the highest frequency of both admissions
(39%) and presentations (46%). Persons
aged 25 years and over accounted for a
higher proportion of admissions than
presentations (36%, 22%).

Hospital admissions (n=470)
Injuries to the lower extremity (47%) and
the upper extremity (35%) account for the
majority of hospital admission in basketball.
Fractures were the most common injury
(44%) followed by sprains and strains
(29%), dislocations (10%) and intracranial
injuries (5%). Falls (27%), hit/struck/crush
(25%) and overexertion and strenuous
movements (19%) were the major
mechanisms of injury.

Basketball injury
Figure 5
by body site and severity
head/face 14%, 12%

forearm
14%, 3%

Lower extremity injury
(n=220, 47%)

shoulder /upper
arm 2%, 7%

hand /wrist /
fingers
18%, 28%

Injuries to the lower extremity
were most commonly knee
sprains and strains (16% of all basketball
admissions) or ankle sprains and strains
(11%). Overexertion and strenuous
movements accounted for 36% of all
lower extremity injury and falls (20%)
were also a prominent mechanism of
injury.

Upper extremity injury (n=163, 35%)
Injuries to the upper extremity were
mostly hand and finger fractures and
dislocations (12% of all basketball
admissions) and forearm fractures and
dislocations (12%). Falls (32%) and hit/
struck/crush incidents (30%) were the
main mechanisms of upper extremity
injury.

ED presentations (n=3 539, average
annual frequency n=1 180)
Injuries were spread evenly between the
lower and the upper extremities, each of
which accounted for approximately 40%
of presentations. Sprains and strains
(46%) and fractures (20%) were the most
common injuries, the reverse of the
pattern for admissions.

Lower extremity injury [n=1 428,
35%, average annual frequency
n=476 (40%)]
The most frequently occurring lower
extremity injury was ankle sprains and
strains (22% of all basketball injury
presentations) followed by knee sprains
and strains (5%). The dominant
mechanism of lower extremity injury was
falls (68% of all lower extremity injuries).

knee
23%, 8%

lower leg
6%, 2%
ankle 15%, 27%

Source: admissions-VAED July 2000-June
2001, presentations- VEMD 1999-2001

Collisions with other persons and objects
accounted for a further 13% of injury.

Upper extremity injury [n=1 371,
average annual frequency n=457
(39%)]
Injuries to the upper extremity were mostly
hand and finger fractures and dislocations
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(9% of all basketball presentations) and
hand or finger sprains and strains (8%).
Upper extremity injuries were mostly caused
by collisions with persons and objects (58%)
and falls (34%).

Soccer injury by body site and severity

head /face 14%, 13%

Figure 6

shoulder /upper arm 5%, 6%

Implications for prevention
This analysis indicates that injury
prevention efforts should be directed
toward preventing knee and ankle sprains,
hand and finger injury and forearm
fractures. Widespread use of ankle guards
has the potential to reduce sprains related
to foot conflict and plyometric training
and attention to landing and cutting
techniques are promising for knee injury.
(See Box 2 to access as detailed countermeasure reviews for basketball.)

3.

forearm 18%, 4%
hand /wrist /
fingers
7%, 17%

SOCCER

Males account for 90% or more of soccer
admissions and presentations. Persons aged
between 15 and 24 accounted for 40% of
admissions and 43% of presentations.

Hospital admissions (n=464)
Injury to the lower extremity accounted for
approximately half of admissions. The most
frequently occurring injuries overall were
fractures and dislocations (64%) followed
by sprains and strains (17%). Hit/struck/
crush (35%) and falls (32%) were the major
mechanisms of injury.

Lower extremity injury (n=227, 49%)
Injuries to the lower extremity were
mostly lower leg fractures (12% of all
soccer admissions), knee sprains and
strains (11%) and ankle fractures and
dislocations (8%). Hit/struck/crush
incidents (35%), overexertion and
strenuous movements (24%) and falls
(21%) were the leading mechanisms of
injury.

Upper extremity injury (n=144, 31%)
Injuries to the upper extremity were
mainly forearm fractures (17% of all
soccer admissions). The most common
injury mechanisms were falls (59%) and
hit/struck/crush incidents (26%).

knee 18%, 13%
lower leg 11%, 5%
ankle 14%,18%
foot 2%, 8%
Source: admissions-VAED July 2000-June 2001,
presentations-VEMD 1999-2001

Head, face and neck injury (n=70,
15%)
Injuries to the head, face and neck were
mostly facial fractures [7% of all soccer
admissions, mostly nose (61%) and jaw
(38%)] and intracranial injuries (5%,
mostly concussion). Hit/struck/crush
incidents accounted for the majority of
head, face and neck injuries (79%).

ED presentations (n=2 595,
annual average frequency n=865)
As for admissions, injuries to the lower
(46%) and upper (30%) extremity
predominate. In contrast to admissions,
sprains and strains (40%) outnumber
fractures and dislocations (28%).

Lower extremity injury [n=1 194,
average annual frequency n=398
(46%)]
Injuries to the lower extremity were
mostly ankle sprains and strains (14% of
all soccer presentations), knee sprains
and strains (9%) and foot (including toe)

fractures and dislocations (3%). The
major mechanisms of injury were falls
and collisions with persons and objects,
each accounting for 40% of injuries.

Upper extremity injury [n=779,
average annual frequency n=260
(30%)]
Most injuries to the upper extremity were
hand/finger fractures and dislocations (4%
of all soccer presentations), wrist fractures
and dislocations (4%) and wrist sprains
and strains (3%). The major mechanisms
of injury were falls (50%) and collisions
with persons and objects (44%).

Head, face and neck injury
[n=423, average annual frequency
n=141 (16%)]
Injuries to the head, face and neck were
most frequently intracranial injuries (3%
of all soccer presentations) and open
wounds to the face (3%). Collisions with
persons and objects accounted for 86%
of head, face and neck injury.
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Implications for prevention
This analysis indicates that injury
prevention efforts should be directed
toward preventing forearm and wrist
fractures, ankle injuries (fractures and
sprains), lower leg fractures, knee sprains,
facial fractures and concussion. A full
summary of possible prevention measures
for soccer injury is included in Table 6.
(See Box 2 to access a detailed countermeasure review for soccer.)

4.

NETBALL

extremity (30%), although the proportion
of upper extremity injury was much
higher in ED presentations data. The
most common injury was sprains and
strains (57%) followed by muscle/tendon
injuries (16%). The most frequently
occurring mechanisms of injury were falls
(55%) and collisions with persons or
objects (29%).

Lower extremity injury [n=1 414,
average annual frequency n=471
(59%)]

As expected females comprise the
majority of admissions (86%) and
presentations (89%). Persons aged 25
years and above accounted for half of the
admissions (51%), whereas persons aged
15- 24 were the most prominent age group
for ED presentations (46%).

Injuries to the lower extremity were
mainly ankle sprains and strains (32% of
all netball presentations) and knee sprains
and strains (8%). Falls (70%) and
collisions with persons and objects (13%)
were the main mechanisms of injury.

Hospital admissions (n=345)

Upper extremity injury [n=719,
average annual frequency n=240
(30%)]

The lower extremity (73%) was by far
the most common body site injured.
Sprains and strains (56%) and fractures
(22%) accounted for the majority of
admissions. The most common mechanisms of injury were overexertion and
strenuous movement (28%) and falls
(26%).

Lower extremity injury (n=252, 73%)
Injuries to the lower extremity were
mostly knee sprains and strains (33% of
all netball admissions), ankle sprains and
strains (22%) and knee dislocations (7%).
Lower extremity injury was most
frequently caused by overexertion and
strenuous movement (37% of all lower
extremity admissions) and falls (17%).

Upper extremity injury (n=52, 15%)
Injuries to the upper extremity were mostly
forearm fractures (8% of all netball
admissions) and finger fractures and
dislocations (5%). Upper extremity injury
was most frequently the result of falls
(63%) and hit/struck/crush incidents
(17%).

ED presentations (n=2 397,
average annual frequency n=799)
As for admissions, most injuries were to
the lower extremity (59%) and upper

presentations (48%) than their younger
counterparts.

Hospital admissions (n=253)
Injuries were fairly evenly divided
between the upper extremity (37%), head/
face/neck (28%) and lower extremity
(27%). Fractures and dislocations
accounted for more than half the
admissions (59%), followed by sprains
and strains (14%). The major mechanisms
of injury were hit/struck/crush (59%),
overexertion and strenuous movements
(16%) and falls on the same level (14%).

Netball injury
Figure 7
by body site and severity
hand /wrist /fingers
6%, 23%
forearm
9%, 2%

Injuries to the upper extremity were
mostly hand and finger sprains and strains
(7% of netball presentations) and hand
and finger fractures and dislocations
(6%). The main mechanisms of upper
extremity injury were collisions with
persons and objects (54%) and falls
(39%).

head /face
7%, 6%

Implications for prevention
This analysis indicates that injury
prevention efforts should be directed
toward preventing knee injuries (sprains/
strains and dislocations), ankle sprains,
forearm fractures and hand and finger
injuries (fractures and sprains). Ankle
guarding, attention to landing and cutting
techniques, balance board and plyometric
training are promising countermeasures
for ankle and knee injury but more
research is required to establish their
protective effects for netball. (See Box 2
to access a detailed countermeasure
review for netball.)

5.

knee 41%, 12%

CRICKET

As expected over 90% of cricket
admissions and presentations involved
males. Older players (aged 25 years and
older) were more frequently involved in
both hospital admissions (60%) and

ankle 25%, 41%

Source: admissions-VAED July 2000-June
2001, presentations-VEMD 1999-2001
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Cricket injury
Figure 8
by body site and severity
hand /wrist
/fingers
27%, 32%
shoulder
/upper arm
4%, 4%

head /face 25%, 25%

eyes
4%, 7%

forearm
6%, 3%

knee 10%, 5%

ankle
10%, 5%

Source: admissions-VAED July 2000-June
2001, presentations- VEMD 1999-2001

Upper extremity injury (n=94, 37%)
Injuries to the upper extremity were mostly
finger and hand fractures (22% of all cricket
admissions) and forearm fractures (5%).
The major causes of injuries to the upper
extremity were hit/struck/crush incidents
(61%) and falls (18%).

The main mechanisms of lower extremity
injury were overexertion and strenuous
movements (51%) and falls (20%).

ED presentations (n=1 968,
average annual frequency n=656)
As for admissions the most frequently
injured body sites were the upper
extremity (42%) and the head/face/neck
(33%). Sprains and strains (23%),
fractures (21%), open wounds (13%),
superficial injuries (13%) were the most
prominent types of injury. The
mechanism of approximately threequarters of presentations was struck by
person or object.

Upper extremity injury [n=834,
annual average frequency n=278
(42%)]
Injuries to the upper extremity were
mostly hand and finger fractures and
dislocations (11% of all cricket presentations) and hand and finger sprains and
strains (6%). Upper extremity injuries
were most frequently caused by collisions
with persons and objects (76%).

Head, face and neck injury
[n=641, average annual frequency
n=214 (33%)]
Head, face and neck injuries were most
frequently open wounds to the face (9%
of cricket presentations), eye injuries
(7%), and superficial injuries to the face
(5%). Collisions with persons and objects
accounted for 91% of head, face and neck
injury.

Head, face and neck injury (n=71,
28%)

Lower extremity injury [n=354,
average annual frequency n=118
(18%)]

Injuries to the head, face and neck were
mainly facial fractures [14% of all cricket
admissions, nose (43%) and jaw (43%)]
and intracranial injuries (6%, mostly
concussion). The main mechanism of
head, face and neck injuries was hit/
struck/crush incidents (80%).

Injuries to the lower extremity were
mainly ankle sprains and strains (4% of
cricket presentations) and knee sprains
and strains (3%). The major mechanisms
of injury were falls and collisions with
persons or objects, each contributing 35%
of lower extremity injury.

Lower extremity injury (n=68, 26%)
Injuries to the lower extremity were mostly
ankle sprains and strains (8% of all cricket
admissions) and knee dislocations (5%).

Implications for prevention
This analysis indicates that injury
prevention efforts should be directed
toward preventing hand and finger
injuries (fractures and sprains), facial
injuries (fractures, open wounds and eye
injuries) and concussion. More widespread use of helmets with face guards
and protective gloves appears warranted.
(See Box 2 to access a detailed countermeasure review for cricket.)

The five highest ranked
active recreation
activities for injury
1.

BICYCLE RIDING

Males were more frequently involved in
admissions (82%) and presentations (80%).
Bicycle riding injury was most frequent in
the 0-14 age group. This age group
accounted for approximately 40% of
admissions and presentations.

Hospital admissions (n=1 237,
average annual frequency n=412)
There was a fairly even spread of injuries
over the upper extremity (26%), the head,
face and neck (26%) and the lower extremity
(22%). Fractures comprised approximately
one-half of cases followed by open wounds
(14%), multiple injuries (8%) and
intracranial injury (8%). Seventy-one
percent of injuries resulted from falls.

Upper extremity injury [n=318,
average annual frequency n=106
(26%)]
Injuries to the upper extremity were
mostly fractures to the forearm and wrist,
each contributing six percent of all bicycle
riding admissions, and to the elbow (3%).
Three-quarters of upper extremity injuries
were caused by falls.

Head, face and neck injury
[n=317, average annual frequency
n=106 (26%)]
Head, face and neck injuries were
predominantly intracranial injuries (8%
of all bicycle riding admissions) and open
wounds to the face (7%). Falls (69%)
were the main mechanism of head, face
and neck injuries.
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Bicycle riding injury by body site and severity

Figure 9

head /face 24%, 20%

shoulder /upper arm 5%, 13%
elbow 4%, 7%

forearm 7%, 5%

trunk 10%, 5%

hand /wrist /fingers 10%, 15%
knee 4%, 7%

and steering. A laboratory research
project investigating the suitability of
wristguards for scootering and bicycling
is being undertaken by VISAR (See Box
2 for access to a systematic review of
prevention measures for bicycling
injuries).

2. PLAYING ON PLAY
EQUIPMENT
As expected play equipment-related
injury almost exclusively involved
children aged 0-14 years. There was no
gender difference in the injury data.

ED admissions (n=707, average
annual frequency n=236)

lower leg 7%, 4%
Source: admissions and presentations- VEMD 1999-2001

Injury to the upper extremity accounted
for 80% of admissions. Fractures (86%)
were by far the most frequently occurring
injury. Almost all the admissions resulted
from falls.

Lower extremity injury [n=274,
average annual frequency n=91
(22%)]

Head face and neck injury
[n=1 236, average annual
frequency n=412 (21%)]

Upper extremity injury [n=562,
average annual frequency n=188
(80%)]

Injury to the lower extremity was mostly
lower leg (6% of all bicycle riding
admissions) and ankle (4%) fractures.
Approximately half of the lower extremity
injuries were the result of falls.

Injuries to the head, face and neck were
mainly open wounds of the face (7% of
all bicycle riding presentations), superficial injuries of the face (3%) and
intracranial injuries (3%). Three quarters
of injuries were caused by falls.

Injuries to the upper extremity were
overwhelmingly fractures of the forearm
(34% of all play equipment admissions),
wrist (19%) and elbow (17%). Ninetyseven percent of upper extremity injury
was the result of falls.

Lower extremity injury [n=1 182,
average annual frequency n= 394
(20%)]

Head, face and neck injury [n=54,
average annual frequency n=18
(7%)]

Injuries to the lower extremity were
mostly open wounds of the lower leg and
knee and superficial injuries to the knee,
each contributing two- percent of all
bicycle riding presentations. More than
60% of lower extremity injury was the
result of falls.

Head, face and neck injuries were mostly
intracranial injuries (3% of all play
equipment admissions). Again, most
injuries were related to falls (93%).

ED presentations (n=5 905, average
annual frequency n=1 968)
The upper extremity (41%) was the most
commonly injured body site followed by
the head, face and neck (21%) and lower
extremity (20%). Injury diagnoses
included fractures (25%), open wounds
(18%), superficial injuries (17%) and
sprains and strains (17%). Three quarters
of injury presentations resulted from falls.

Upper extremity injury [n=2 399,
average annual frequency n=800
(41%)]
Injuries to the upper extremity were
mostly fractures and dislocations to the
shoulder (7% of all bicycle riding
presentations), wrist (5%), hand and
finger (4%) and forearm (3%). Sprains
and strains of the wrist (2%) and the
shoulder (2%) were also common. More
than 80% of upper extremity injury was
caused by falls.

Implications for prevention
This analysis indicates that injury
prevention efforts should be directed
toward preventing intracranial and facial
injury, forearm and wrist fractures and
sprains and lower leg and ankle fractures.
Helmets are a proven countermeasure to
head injury and wrist guards appear
promising for wrist fractures if research
shows that they do not interfere with grip

ED presentations (n=2 403,
average annual frequency 801)
Sixty-two percent of presentations were
injuries to the upper extremity followed
by head, face and neck injuries (17%).
Fractures were most common, occurring
in one-half of presentations. Sprains and
strains (19%), superficial injuries (8%)
and open wounds (8%) were also
common. Falls were the mechanism of
86% of cases.
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Upper extremity injury [n=1 497,
average annual frequency n=499
(62%)]

Motor/mini/trail-bike injury by body site and severity
head 8%, 5%

Injuries to the upper extremity consisted
of forearm fractures (16% of all play
equipment presentations), wrist fractures
(14%), elbow fractures (9%), elbow
sprains and strains (4%) and wrist sprains
and strains (4%). Ninety-four percent of
upper extremity injuries were the result
of falls.

shoulder/upper arm 6%, 18%

trunk 12%, 7%
hand/wrist/fingers 9%, 13%

Head, face and neck injury
[n=415, average annual frequency
n=138 (17%)]
Injuries to the head, face and neck were
mainly open wounds of the face (5% of
play equipment presentations) and
intracranial injuries (3%). Approximately
three-quarters of all head, face and neck
injuries were caused by falls.

Figure 11

hip/thigh 6%, 2%
knee 6%, 10%

lower leg 13%, 6%
ankle /foot 10%, 14%

Implications for prevention
This analysis indicates that injury
prevention efforts should be directed
toward preventing forearm and wrist
fractures, wrist sprains, and elbow
fractures and sprains (mainly related to
falls). Impact absorbing undersurfacing,
reduction in fall height from equipment
to 1.5m or below and wrist guards are
promising countermeasures. A case

Source: admissions and presentations- VEMD 1999-2001

control study is in progress at MUARC
to investigate risk factors for falls from
play equipment. (See Box 2 for access to
a systematic review of the evidence of
preventive measures for play equipment
related injury.)

3. MOTOR/TRAIL/MINI-BIKE
RIDING
Males were much more frequently
involved than females in both admissions
and presentations data. Younger and older
adults (15-24 years olds and 25+ year
olds) each accounted for 40% of both
admissions and presentations.

Playground equipment injury by body site and severity Figure 10
ED admissions (n=610, average
annual frequency n=203)
Most injuries involved the lower
extremity (36%) and the upper extremity
(22%). The majority of the injuries were
fractures (54%), followed by multiple
injuries (9%), open wounds (7%) and
intracranial injuries (6%). The mechanism of half the injuries was falls. (Table 4)

head /face 8%, 16%

shoulder
/upper arm
7%, 7%
elbow
18%, 15%

forearm 34%, 19%
hand /wrist /fingers
20%, 21%

Source: admissions
and presentationsVEMD 1999-2001

Lower extremity injury [n=217,
average annual frequency n=72
(35%)]
Injuries to the lower extremity were
mainly lower leg fractures (11% of all
motor/trail/mini-bike admissions), ankle
fractures (5%) and thigh fractures (3%).
Forty-five percent of lower extremity
injuries were the result of falls.
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Upper extremity injury [n=131,
average annual frequency n=44
(22%)]

Implications for prevention

ED admissions (n=351, average
annual frequency n=117)

Intracranial injuries accounted for 6% of
all motor/trail/mini-bike admissions. The
major mechanism of injury was falls (44%).

This analysis indicates that injury
prevention efforts should be directed
toward preventing lower leg and ankle
fractures, wrist and forearm fractures,
shoulder injuries and intracranial injuries.
Helmet wearing is a proven countermeasure for bike injury. Improving
protection for the limbs is warranted
because of the high incidence of limb
fractures. (See Box 2.) There has been no
systematic review of countermeasures to
motor-trail and mini bike riding. VISAR
(Hazard 20) and the American College
of Paediatrics have made recommendations on countermeasures.

ED presentations (n=1 794,
average annual frequency n=598)

4. SKATING (IN-LINE SKATING/
SKATEBOARDING)

The majority of injuries involved the
upper (37%) and lower extremities (31%).
Fractures (28%), sprains and strains
(22%), superficial injuries (10%) and open
wounds (10%) were the most common
injuries. Falls were the most frequently
reported mechanism of injury (55%).

Skating includes in-line skating (48% of
cases) and skateboarding (52%). Males
accounted for more than 75% of skating
injury admissions and presentations.
Persons aged 0-14 years accounted for
64% of admissions and 54% of presentations.

Upper extremity injury [n=671,
average annual frequency n=224
(37%)]

Skating injury by body site and severity
(includes skateboarding and inline skating)

Injuries to the upper extremity were
mainly wrist fractures and dislocations
(6% of all admissions) and forearm
fractures (4%). Falls accounted for 52%
of upper extremity injuries.

Head, face and neck injury [n=75,
average annual frequency n=25
(12%)]

Injuries to the upper extremity were
mostly shoulder fractures and dislocations
(12% of all motor/trail/mini-bike
presentations), wrist fractures (4%) and
shoulder sprains and strains (3%). Fiftynine percent of upper extremity injury
was caused by falls.

Lower extremity injury [n=562,
average annual frequency n=187
(31%)]

Upper extremity injury was most
prominent (55%), followed by lower
extremity injury (23%) and head, face
and neck injury (15%). Fractures
accounted for approximately threequarters of injury (73%), followed by
intracranial injuries (7%). The major
mechanism of injury was falls (85%).

Upper extremity injury [n=193,
average annual frequency n=64
(55%)]
Skating injuries to the upper extremity
were mainly forearm fractures (26% of
all skating admissions) and wrist fractures
(17%). Ninety-three percent of injuries
were related to falls.

head /face 13%, 12%

elbow 6%, 10%
hand /wrist /fingers
20%, 32%

Injuries to the lower extremity were mainly
ankle sprains and strains (5% of all motor/
trail/mini-bike presentations) and knee
sprains and strains (4%). Half the lower
extremity injuries were caused by falls.

Head, face and neck injury
[(n=196, average annual frequency
n=65 (11%)]

Figure 12

forearm 27%, 12%

lower leg 9%, 3%

ankle 10%,10%

Head, face and neck injuries were mainly
intracranial injuries (3% of all motor/trail/
mini-bike presentations) and open wounds
of the face (2%). Falls were the main cause
of head, face and neck injury (41%).
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Lower extremity injury [n=80,
average annual frequency n=27
(23%)]
Injuries to the lower extremity were
mainly lower leg fractures (8% of all
skating admissions) and ankle fractures
(8%). Eighty-two percent of lower
extremity injuries were the result of falls.

Head, face and neck injury [n=54,
average annual frequency n=18
(15%)]
Head, face and neck injuries were mostly
intracranial injuries (8% of all skating
admissions) and open wounds to the face
(7%). The major mechanism of head,
face and neck injuries was falls (75%).

ED presentations (n=2 036,
average annual frequency n=679)
Upper extremity injury was most common
(60%) followed by lower extremity injury
(20%) and head, face and neck injury
(12%). Fractures (39%) and sprains and
strains (27%) accounted for the majority
of presentations. Falls comprised eightyfour percent of presentations.

Upper extremity injury [n=1 214,
average annual frequency n=405
(60%)]
Injuries to the upper extremity were
mostly wrist fractures (15% of all skating
presentations), forearm fractures (9%),
wrist sprains (8%) and elbow fractures
(4%). The mechanism of ninety percent
of injuries was falls.

Lower extremity injury (n=412,
average annual frequency n=137
(20%)]
Lower extremity injuries were mainly
ankle sprains and strains (6% of all skating
presentations) and ankle fractures (3%).
The major mechanism of lower extremity
injury was falls (86%).

injuries (2%). Falls comprised 81% of
cases followed by collisions with persons
or objects (14%).

one-half of admissions, followed by
intracranial injury (11%) and multiple
injuries (6%). More than three-quarters of
admissions were related to falls.

Implications for prevention
This analysis indicates that injury
prevention efforts should be directed
toward preventing forearm fractures, wrist
fractures and sprains, ankle fractures and
intracranial injuries. There is good evidence
for the protective effect of wristguards
which research has shown will prevent
90% of wrist injuries. Helmet wearing
should also be encouraged based on positive
findings of a protective effect for head
injuries in bike riding. (See Box 2 to access
detailed countermeasure review).

5. HORSE RIDING
Females were more frequently involved
in both admissions and presentations,
accounting for approximately threequarters of injury cases. Horseriding
injury was most frequent in the 25 years
and older age group.

ED admissions (n=436, average
annual frequency n=145)
Injuries were fairly evenly divided between
the upper extremity (25%), head, face and
neck (23%), trunk (21%) and lower
extremity (17%). Fractures accounted for

Upper extremity injury [n=110,
average annual frequency n=37
(25%)]
Injuries of the upper extremity comprised
forearm fractures (5% of all horseriding
admissions), wrist fractures (5%), elbow
fractures (4%) and upper arm fractures
(4%). Ninety percent of upper extremity
injury was related to falls.

Head, face and neck injury
[n=101, average annual frequency
n=34 (23%)]
Head, face and neck injuries were most
frequently intracranial injuries (11% of
all horseriding admissions). The major
mechanism of head, face and neck injury
was falls (91%).

Trunk injury [n=91, average
annual frequency n=30 (21%)]
Injuries to the trunk were mostly fractures
of the thoracic region (4% of all
horseriding admissions) and fractures of
the pelvis (3%). Ninety percent of these
injuries were the result of falls.

Horseriding injury by body site and severity

Figure 13

head 17%, 12%

shoulder/upper arm 7%, 12%

trunk 21%, 14%

forearm 6%, 4%
hand/wrist/fingers 9%, 12%

lower leg 5%, 4%
ankle 5%, 5%

Head, face and neck injury
(n=245, average annual frequency
n=82 (12%)]
Head, face and neck injuries were
frequently open wounds of the face (4%
of all skating admissions) and intracranial

Source: admissions and presentations- VEMD 1999-2001
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ED presentations (n=1 366,
average annual frequency n=455)

Discussion

As for admissions the upper extremity
(31%), lower extremity (22%) and the
head, face and neck (21%) were the most
commonly injured body sites. Sprains
and strains (24%) and fractures (23%)
were the most common injuries. Approximately three-quarters of injuries were
related to falls.

The most recent VISAR data suggest
that each year in Victoria there are at
least five deaths, approximately 6,500
hospital admissions and an estimated
30,000 ED presentations for sport and
active recreation injury. We are not able
to identify the sports with the highest risk
of injury because of the lack of exposure
data. Nonetheless, if we want to reduce
injury-related morbidity, prevention
efforts should be directed toward sport
and active recreation activities that have
high frequencies of hospital-treated
injuries. Our comparative ranking
exercise highlights the ten sports and
active recreation activities that should be
the special targets of injury prevention
efforts, although administrators of all
sports and active recreation activities are
obliged to provide an environment
conducive to safe participation.

Upper extremity injury [n=421,
average annual frequency n=140
(31%)]
Injuries to the upper extremity were
mainly shoulder fractures and
dislocations (5% of all horse riding
presentations) and wrist fractures (5%).
The major mechanism of upper extremity
injury was falls (88%).

Lower extremity injury [n=300,
average annual frequency n=100
(22%)]
Lower extremity injuries were predominantly ankle sprains and strains (3%
of all horseriding presentations). Eightyfive percent of lower extremity injuries
were related to falls.

Head, face and neck injury
[n=288, average annual frequency
n=96 (21%)]
Head, face and neck injuries were mostly
intracranial injuries (7% of all horse riding
presentations) and neck sprains and strains
(3%). The major mechanism of head, face
and neck injury was falls (85%).

Implications for prevention
This analysis indicates that injury
prevention efforts should be directed
toward preventing intracranial injury,
forearm and wrist fractures, upper arm
and shoulder fractures and chest injuries.
Research results provide some support
for the protective effect of standardsapproved helmets, shoulder protectors
and body protectors but suggest that
current designs require improvement.
(See Box 2 to access detailed countermeasure review for horse riding.)

Approaches to prevent and
reduce sport-related injury
underpinned by evidence
There is insufficient space in this Hazard
to provide a comprehensive review of
the research evidence on the effectiveness
of measures to prevent injury in sport
and active recreation activities. We report
the result of major published reviews and
refer the reader to the series of 23 detailed
countermeasure reviews in specific sports
and active recreation activities published
by MUARC and other Victorian
universities (Box 2). We also include a
detailed summary of potential preventive
measures for soccer as an example of a
holistic comprehensive approach to injury
prevention (Table 4).
When reviewing the published literature
researchers utilise an epidemiological
framework to evaluate the evidence base
for a prevention measure. The least weight
is given to evidence from respected
experts based on clinical experience,
descriptive studies, time series and
substantial results in uncontrolled
experiments. Moderate weight is given
to evidence from well-designed cohort
studies (prospective studies that follow a

group of players over one or two seasons
and record injuries and their circumstances), case control studies (retrospective comparison of players with the
injury of interest to players without the
injury to determine risk factors) and
controlled trials of preventive interventions. The most weight is given to
evidence obtained from at least one
properly designed randomised controlled
trial (in which subjects are randomly
assigned to a treatment group that receives
an intervention or a control group that
does not receive it). Analytic studies
(cohort, case control and randomised
controlled trials) are still uncommon in
sports injury research so much of the
evidence of effectiveness found in the
literature is classified in the published
reviews as weak to moderate.

Published review of controlled
clinical trials
A recent review (Parkkari et al., 2001)
summarised the evidence from 16
randomised controlled trials (RCTs) on
the prevention of sports injuries, as well
as the ‘most important’ non-randomised
studies, published over the period 19702001(4). The authors conclude that there
is good or promising evidence for
effectiveness for the following intervention programs and measures:

Programs and measures where the
evidence of effectiveness is good
• The use of semi-rigid orthoses or air
cast braces to reduce ankle ligament
injury in high-risk sports for ankle
injuries, such as soccer and basketball(5-8).
[In another systematic review, Quinn et
al. (2000) pooled the results of these four
RCTs (9). Meta-analysis showed that the
number of ankle sprains in individuals
allocated to the external ankle supports
was reduced by 51% (Peto odds ratio
0.49; 95% CI 0.37-0.66). The reduction
was greater for those with previous ankle
injury. Tropp et al. (1985) also reported
a reduction in ankle sprains among soccer
players participating in the other arm of
their RCT that investigated the prevention
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effects of balance and co-ordination
training on an ankle disc (RR 0.18;
p<0.01) (5). The reviewers rated the
methodological quality of these four
studies as modest.]

reducing injury rates. The authors
report that part of the efficacy may
have been due to increased awareness
of personal risk among the intervention
group of players (4).

• The use of shock absorbing insoles to
reduce lower extremity stress fractures
in military recruits and athletes (10-13).

• The use of prophylactic knee bracing
to prevent knee ligament injuries in
American football, that reduced knee
injuries by 66% among defensive
players (RR 0.44; p<0.005) (17). The
severity of the medial cruciate ligament
(MCL) and anterior cruciate ligament
(ACL) injuries that occurred in the
braced group was not reduced.

[In another systematic review, Gillespie
and Grant (2001) pooled the results from
these trials (14). Meta-analysis showed that
the use of shock-absorbing insoles
reduced the risk of foot stress fracture by
53% in the intervention group compared
to controls (Peto odds ratio 0.47; 95% CI
0.30 to 0.76). The reviewers identified
shortcomings in the methodology of these
trials.]

Programs and measures where the
evidence of effectiveness is
promising
• A multifactorial injury prevention
program in soccer that included correction of training, optimum equipment,
prophylactic ankle taping, controlled
rehabilitation, exclusion of players
with severe knee instability, information about the importance of disciplined play and increased risk of
injury at training camps, and team
supervision by a doctor and physiotherapist (15). The researchers reported
that the injury rate was reduced by
75% in the intervention group
compared to controls (RR 0.25;
p<0.001). The evaluation design
precluded any conclusions about the
effectiveness of individual components.
• A randomised controlled trial of
regular warm up and ankle disc
(balance board) training program in
European handball (16). Significant
difference in injuries between the
intervention and control groups were
reported; 80% during games and 71%
during practice (P<0.01). Results of
statistical tests were not reported in
the original article. It is unclear
whether balance training or regular
warm-up was the major stimulus to

Non-randomised controlled studies
provide some support for the
effectiveness of three
interventions to reduce knee
ligament injuries:
• proprioceptive ankle disc training for
the reduction of ACL injuries among
male soccer players (18). (Note that a
later RCT of disc training in female
soccer players showed no effect on
lower limb injuries, and ACL injuries
(19)
.);
• a standardised training program in safe
landing technique to reduce ACL
injuries in skiers (20); and
• plyometric (jump) training to reduce
knee injuries in female athletes (21).

Non-randomised studies provide
some support for:
• the effectiveness of standardised
adjustment of bindings in the reduction
in the risk of lower extremity injury in
downhill skiing (22); and
• the wearing of wrist guards and elbow
pads to reduce the risk of upper
extremity injury in in-line skating (a
case control study)(23).
Negative results from two RCTs on
stretching were not included in the
Pakkari et al. review(4). Both failed to
show that stretching (a common component of warm-up) had any positive
effect on individual injury risk (24,25).

Parkkari et al. (2001) conclude that we
are in the position to undertake programs
to reduce injury in popular community
level sports, based on existing knowledge
of injury patterns, mechanisms and
effective preventive strategies (4). The
authors emphasise, however, that there is
a need for well-designed randomised
studies to determine or strengthen the
evidence base for a substantial number
of preventive interventions that are in
common use or currently advocated.
These include pre-participation and preseason medical screening, warming up,
proprioceptive (ankle disc) training,
muscle strengthening, taping, protective
equipment (for example, helmets and
mouthguards), rehabilitation programs,
education interventions and planned rule
changes. An RCT of the effectiveness of
helmets and mouthguards in reducing
injuries in Australian football is in
progress (personal communication,
C. Finch).

Sports-specific review series
published by MUARC and
Deakin University
As previously mentioned, over the past 7
years (1996-2002) MUARC, Deakin
University School of Health Sciences
and the Trauma and Sports Injury
Prevention Research Unit, Department
of Epidemiology, Monash University
have produced substantial literature
reviews of the evidence base for sports
injury prevention measures in 23 of the
most popular sports and active recreation
activities (Box 2). Sport and Recreation
Victoria funded this series . These reviews
cover a much broader range of research
evidence than randomised controlled
trials.
The various authors of these reports
utilised a similar framework to identify,
categorise and review the potential
countermeasures to injury in each sport.
Within this framework an injury is viewed
as the culmination of a chain of events
(that occur in the pre-event, event and
post-event periods) and potential
countermeasures are identified as
primary, secondary or tertiary, depending
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on the point at which they are accessed
along the chain. Primary countermeasures act to prevent the event or
incident that may cause injury to occur in
the first place, secondary countermeasures act during the event to prevent
or reduce the risk or severity of injury
and tertiary countermeasures act after
the injury event or incident to minimise
the consequences of the injury (Table 3).
Using this framework the various authors
reviewed the literature to determine the
quality of evidence supporting the
effectiveness of potential countermeasures in the specific sport. A summary
of the evidence base for prevention of
injuries in soccer (updated from the
countermeasure review completed by
MUARC in 1997) is detailed in Table 4.
This provides an example of a
comprehensive evidence based approach
that could form the basis of sports injury
prevention efforts at club and association
levels.

Other major sports injury
prevention initiatives
In New Zealand, the Accident
Compensation Council (a national
compulsory personal injury insurance
scheme), in partnership with the New
Zealand Rugby Union and Rugby League
peak bodies, has implemented 5-year
injury prevention programs in both codes
of rugby. The ‘Tackling rugby injury’
programs are based on the recommendations of the rugby injury prevention
project conducted by Otago University’s
Injury Prevention Research Unit (IPRU).
The ACC reports that both programs have
significantly reduced rugby injury claims
and insurance costs and, in the case of
rugby union, the incidence of injury per
100 player games. The more successful
implementation strategies were: the
involvement of key personnel within the
sport (for example coaches and referees)
in the development of the program;
building on existing infrastructures (for
example the existing coach education
program); the deliberate association of
injury prevention with improved player
and team performance; targeting coaches

as key people in promoting injury
prevention principles and practices; and
proposing only well considered and
practicable rule changes for which there
is promising or good evidence of
effectiveness (for example compulsory
mouthguard wearing). The results of the
program evaluation have not yet been
published in the peer-review literature.
The rugby injury prevention programs
have spawned a website on sports injury
prevention from which an education
tutorial on preventing and managing
sports injury (SportSmart ten point plan)
can be downloaded, along with ten leaflets
for coaches and players on strategies to
prevent injury (for example screening,
physical conditioning, and protective
equipment) and five resources to help
sports participants to deal with common
injuries (on concussion, shoulder injuries,
hamstring, knee sprain and ankle sprains).
(http://www.sportsmart.org.nz/
resources)
The SmartPlay program in Victoria
(located in Sports Medicine Australia-

Victoria), with funding from Sport and
Recreation Victoria, VicHealth and the
Department of Human Services, is
assisting some sports associations to
develop risk management (sports safety)
approaches and plans. An associated
useful resource that has recently been
published is the Standards Australia
Guidelines HB 246-2002 Managing risk
in sport, which can be ordered at http://
www.standards.com.au. The guidelines
provide a nationally accepted framework
to guide the management of risk in sport,
a common platform to support strategies
and resources that address risk
management issues, and an understanding
of risk management principles and their
application.
Updated versions of sports injury
prevention fact sheets for specific sports
can be downloaded from the SmartPlay
website. (http://www.smartplay.com.au).
Other fact sheets are available from Sport
and Recreation Victoria. (http://
www.sport.vic.gov.au).

Potential countermeasures to injury in sport
and active recreation
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Recommended approach at the
club level
Van Mechelen et al. (1992) proposed a
four-stage process of sports injury
prevention based on epidemiological
principles that have been utilised
successfully to reduce injury from other
causes(26):
1. Determine the size and nature of the
problem
2. Identify the factors and/or mechanisms
related to injury occurrence
3. Introduce measures for the reduction
of future risk and/or severity of injury
4. Evaluate interventions to determine
impacts (reduction in risk factors) and
outcome (reduction in targeted
injuries).
The foundation of this approach is the
collection and analysis of sports injury
data and the formation of a body or
committee to take responsibility for data
analysis, risk factor (hazard identification) and the implementation of injury
prevention measures that have reasonable
evidence of effectiveness. Coaches,
captains (as peer-leaders), sports trainers
and parents are the obvious groups that
should be represented on club level sports
injury prevention committees. Sample
data collection forms for specific sports
and a data dictionary are available from
Sports Medicine Australia (http://
www.sma.org.au/spsafe.htm). An Excel
spreadsheet would be sufficient for data
analysis. MUARC is negotiating with
other agencies to develop a web-based
resource that will provide routinely
updated information on the evidence base
for sports injury countermeasures.

Conclusion
Injury associated with sport and active
recreation can lead to substantial health
care costs and possible disability (1). Loss
of interest in participation because of
injury or subsequent reduced mobility
may result in inactivity increasing the
risk for cardiovascular disease and other
health problems (1). Sport and active

recreation programs should be integrated
with robust injury prevention programs
to optimise the health benefits from
physical activity.
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Database Descriptions
• Australian Bureau of Statistics – Death Unit Record File (ABS
– DURF)
Death data are derived from the ABS-DURF which consists of information supplied
by State Registrars of Births, Deaths and Marriages. Each death registered in
Australia is classified by the ABS according to the World Health Organisation
(WHO) International Classification of Diseases (ICD) coding system.

• Victorian Admitted Episodes Dataset (VAED)
The VAED contains information on admissions to Victorian hospitals over a 14year period – July 1987 to June 2001. The data are collected by Health Computing
Services Victoria under the direction of Human Services Victoria. Detailed
information on hospital admissions, from admission to discharge, is collected. The
information on the nature of injury is based on the diagnosis by physicians.
MUARC has access to all records involving injury and poisoning.

• Victorian Emergency Minimum Dataset (VEMD)
The electronic VEMD database records details of injuries treated at the emergency
departments of 28 major public hospitals (see page 27). The total number of cases
on the database to March 2002 was approximately 1,200,000. The injury variables
collected include injury cause, location, activity, nature of main injury, body region,
human intent and a narrative describing the injury event. VEMD hospitals represent
approximately 80% of statewide emergency department presentations. The data
provided to MUARC does not include all ED presentations, only injury specific
cases. It is not possible, therefore, to analyse any VEMD data that may have been
re-categorised to a non-injury grouping. A MUARC study found that the VEMD
captured 82% of VEMD injury presentations.

Community Safety Month
October 2002
This year Community Safety Week has been moved
to the month of October and will have four focii:
Week 1
Week 2
Week 3
Week 4

Oct 1-7
Oct 8-14
Oct 15-21
Oct 22-28

thinkSAFE
actSAFE
feelSAFE
beSAFE

Crime Prevention Week
Emergency Services Week
Injury Prevention Week
Workplace Safety Week

For updates and information and to register activities:
www.comunitysafetymonth.com
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Evidence base for countermeasures to injury in soccer
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BOX 2. Details of available countermeasure reviews
Of the ten sports and active recreation activities highlighted in this edition, full countermeasure reviews have been completed by
university based research teams funded by Sport and Recreation Victoria for Australian football, basketball, soccer, netball, cricket, inline
skating and horseriding (equestrian).
SPORTS
1. Australian football
Gabbe, B., Finch, C., Schokman, P and Parkin, D. Tackling Australian football injuries: a review of the literature. Deakin University
School of Human Movement. Research Report 98003, July 1998. Available from Sport and Recreation Victoria. www.sport.vic.gov.au
2. Basketball
Speed, H and Finch, C. Shooting for basketball injury prevention: a review of the literature. Deakin University School of Human
Movement. Research Report 98004, August 1998. Available from Sport and Recreation Victoria (see above).
3. Soccer
McGrath, A.C and Ozanne-Smith, J. Heading injuries out of soccer: a review of the literature. Monash University Accident Research
Centre. Report Number 125, 1997. Can be downloaded from MUARC website. http://www.general.monash.edu.au/muarc/pubid.htm.
[No charge to download reports in pdf format.]
4. Netball
McGrath, A.C and Ozanne-Smith, J. Attacking the goal of netball injury prevention: a review of the literature. Monash University
Accident Research Centre. Report Number 130, May 1998. Can be downloaded from MUARC website (see above).
5. Cricket
McGrath, A.C and Finch, C. Bowling cricket injuries over: a review of the literature. Monash University Accident Research Centre.
Report Number 105, November 1996. Can be downloaded from MUARC website (see above).
ACTIVE RECREATION ACTIVITIES
1. Bicycle riding
Systematic review of the evidence on preventive measures can be accessed from the Haborview Injury Prevention and Research Centre
website: http://depts.washington.edu/hiprc/childinjury/
2. Play equipment
Systematic review of the evidence on preventive measures can be accessed from the Haborview Injury Prevention and Research Centre
website: http://depts.washington.edu/hiprc/childinjury/
3. Motor/trail/mini-bike riding
There is no systematic review of countermeasures to injuries associated with motor/trail/mini-bike riding. For a comprehensive discussion
of preventive measures see Hazard Edition 20 and the American Academy of Paediatrics Policy statement on all terrain vehicle injury
prevention June 2000. http://www.aap.org/policy/re9855.html
4. Inline skating
Sherker, S and Cassell, E. In-line skating injury: a review of the literature. Monash University Accident Research Centre. Report Number
133, May 1998. Can be downloaded from MUARC website (see above)
5. Horseriding
Finch, C and Watt, G. Locking the stable door: preventing equestrian injuries. Monash University Accident Research Centre. Report
Number 103, 1996. Can be downloaded from MUARC website (see above)
Other titles in the countermeasure review series cover:
Available on MUARC website (see above)
• snowboarding - MUARC Report 94 • alpine skiing - MUARC Report 99
• running - MUARC Report 104
• baseball and softball - MUARC Report 106
• tennis - MUARC Report 144
• volleyball - MUARC Report 181

• cross country skiing - MUARC Report 100
• lawn bowls - MUARC Report 138
• hockey - MUARC Report 143

Available through Sports and Recreation Victoria
• golf (Deakin University School of Human Movement Report 97001)
• squash (Deakin University School of Human Movement Report 98002)
• gymnastics (Deakin University School of Human Movement Report 98005)
• aerobics (Deakin University School of Human Movement Report 20001)
• rugby union (Trauma and Sports Injury Prevention Research Unit, Monash University 2002)
Other useful websites:
http://www.safetylit.org for weekly updates of sports injury literature and useful links
http://depts.washington.edu/hiprc/childinjury for systematic reviews of childhood injury prevention interventions, including recreational injury.
http://www.cochrane.org/index.htm for systematic Cochrane collaboration reviews on selected sports injury topics
http://www.injuryresearch.bc.ca for a literature review on the effectiveness of interventions to prevent childhood unintentional injuries,
including sports and recreational injuries
http://www.smartplay.com.au for updated versions of fact sheets for specific sports and other resources.
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Forecasts for sports and active recreation
injury ED presentations 2003-4
Paul van Leeuwen
Commercially available software (Forecast
Pro XE, BFS, USA) was used to generate
forecasts for ED presentations for the ten
highest ranking sport and active recreation
activities for injury presenting to VEMD
hospitals. VISAR is currently trialing this
software package against internally
developed mathematical models.
Conclusions are tentative but commercial
software may have the advantages of
timeliness and low cost with only a small
loss in accuracy relative to purpose-built
models.
The forecasts predict an increase in VEMD
presentations for all sport and active
recreation activities (mainly for females)
and increases for basketball, soccer, netball,
bicycle riding and motor/trail/mini-bike
riding. Presentations for injury in the other
sport and recreation activities will stabilise
in the forecast period.

FREE ON-LINE ACCESS TO
INJURY PREVENTION:
International multidisciplinary
journal. Web-site includes full
text articles, direct access to
Medline, titles accepted for
publication, e-letters. Check
out this fantastic resource at
www.injuryprevention.com
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Hospital ED
presentations: forecasts
for the five highest
ranked sports for injury
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Hospital ED
presentations: forecasts
for the five highest
ranked active recreation
activities for injury
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their implementation. VISAR analyses
are publicly available for teaching,
research and prevention purposes.
Requests for information should be
directed to the VISAR Co-ordinator or
the Director by contacting them at the
VISAR office.

Contact VISAR at:
MUARC - Accident Research Centre
PO Box 70A
Monash University
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Phone:
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Rosebud Hospital

Coronial Services

All issues of Hazard and other
information and publications of the
Monash University Accident Research
Centre can be found on our internet
home page:
http://www.general.monash.edu.au/
muarc/visar

Access to coronial data and links with the development of the Coronial's Services
statistical database are valued by VISAR.

National Injury Surveillance Unit
The advice & technical back-up provided by NISU is of fundamental importance to VISAR.
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