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Abstract

Objective—To evaluate a community based
programme for evidence based prevention
of injuries during physical exercise.
Design—Quasi-experimental evaluation
using an intervention population and a
non-random control population.
Participants—Study municipality (popula-
tion 41 000) and control municipality
(population 26 000) in Sweden.

Main outcome measures—Morbidity rate
for sports related injuries treated in the
health care system; severity classification
according to the abbreviated injury scale
(AIS).

Results—The total morbidity rate for
sports related injuries in the study area
decreased by 14% from 21 to 18 injuries
per 1000 population years (odds ratio 0.87;
95% confidence interval (CI) 0.79 to 0.96).
No tendency towards a decrease was
observed in people over 40. The rate of
moderately severe injury (AIS 2) de-
creased to almost half (odds ratio 0.58;
95% CI 0.50 to 0.68), whereas the rate of
minor injuries (AIS 1) increased (odds
ratio 1.22; 95% CI 1.06 to 1.40). The risk of
severe injuries (AIS 3-6) remained con-
stant. The rate of total sports injury in the
control area did not change (odds ratio
0.93;95% CI 0.81 to 1.07), and the trends in
the study and control areas were not
statistically significantly different.
Conclusion—An evidence based preven-
tion programme based on local safety
rules and educational programmes can
reduce the burden of injuries related to
physical exercise in a community. Future
studies need to look at adjusting the
programme to benefit all age groups.

(Br ¥ Sports Med 2001;35:20-27)
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Only a few decades ago, sport and physical
exercise were usually omitted from the public
health agenda.' Today, as a result of the spread
of a sedentary lifestyle, the situation has
changed. Morbidity from cardiovascular dis-
ease has been confirmed to be inversely related
to the level of leisure time physical activity.”?
Recent studies have suggested that the inverse
relation between exercise and disease also
holds for other organ systems,* and that this
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relation persists after adjustment for familial
factors.” An example of causal mechanisms is
the positive effect of exercise on bone density at
the hip in postmenopausual women.’ There is
plenty of evidence from a public health
perspective to encourage physical activity
among the young and to promote maintenance
of exercise with increasing age. However, in
parallel with the benefits, there is the risk of
injury.” Community based studies in Scandina-
via have suggested that every sixth uninten-
tional injury is associated with leisure time
physical exercise.® * Factors known to influence
the risk of injury are the nature of the exercise
(vigorousness, rules), the equipment and the
environment (clothes and footwear, facilities,
weather conditions), and individual character-
istics (age, experience, technique)."

Comprehensive programmes for prevention
of injuries related to physical exercise have
been called for."" One strategy for injury
prevention is to collect and analyse local injury
data and then supply the results to local
organisations with an interest in decreasing
injury rates in the community. The first
community development programme aimed at
preventing injuries was initiated in 1978 in the
municipality of Falképing, Sweden."”” The aim
of the present study is to evaluate the effect of
using such a model, the WHO safe community
programme, on sports related injuries. Sport is
defined as a leisure time physical activity
requiring vigorous bodily exertion and carried
out according to a traditional form or set of
rules. Using a quasi-experimental design, the
specific aim is to analyse changes in commu-
nity level morbidity rate, taking into account
injury severity and anatomical location. Only
injuries requiring medical attention are in-
cluded in the evaluation.

The evaluated WHO safe community pro-
gramme is implemented in Motala municipality
in the western part of Ostergétland County in
Sweden. An assessment of the general structure
and process of the programme has previously
been reported.” In the community analysis
stage, performed in 1983/1984, the local epide-
miology of injuries during physical exercise was
studied, and the local social structure and values
were analysed.”™ " An interorganisational
sports safety council was formed with repre-
sentatives from the municipality’s leisure time
administration, the Educational Association of
the Swedish Sporting Organisations (SISU), the
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Intercompany Sports Association, the health
care administration, schools, and the local
alliance of soccer clubs. Injuries sustained
during team sports were found to predominate,
soccer accounting for 39% of the injuries,
followed by handball/basketball (10%). About
60% of the soccer injuries were consequences of
aggressive play—that is, tackles, kicks, and
blows. It was also found that intercompany team
competitions took place with few practice
sessions before matches, no time allotted for
warming up, and few coaches and trained
instructors. Stage two, the programme design
and initiation (1985-1987) stage, included
organising management of the interventions and
setting local planning goals. Injuries incurred
during physical exercise, more than injuries in
other environments, were seen to be related to a
person’s conscious choice of leisure time activity.
As a person’s decision to use leisure time for
physical exercise was seen as essential for
community health, the interventions had to
restrict minimally the choice of physical exercise
as a leisure time activity. The implementation
stage (1987-1988) included population based
interventions at three levels.
® Community level: all physical education
teachers in the study area participated in an
injury prevention course organised by SISU;
high risk groups were investigated.
® Sports organisation level: SISU was given
the primary responsibility for coordinating
interventions. In team sports, the emphasis
was put on safety norms and rules. On the
basis of experience from ice hockey," work-
shops for coaches and referees were used to
define a fair play programme to discourage
foul play. In addition, the administrators of
the Intercompany Sports Association intro-
duced compulsory use of shin pads during
intercompany soccer matches as well as
warming up programmes before kick off.

For individual sports, a specific attempt was

made to increase supervision of novices. For

instance, a rule was introduced prescribing
supervision of young riders during all inter-
action with horses.

® Group level: the alliance of soccer clubs
arranged courses for local coaches on how
injuries can be avoided by proper physical
preparation.'”

Individual interventions were mediated
through the introduction of a sports medicine
service in the primary care system. During the
intervention year, 120 patients were examined
by a specially trained doctor or physiotherapist.
Based on the findings, individual advice was
given on rehabilitation and how to avoid injury
in the future. At stage four, programme
maintenance-consolidation (1989-1995), the
intervention activities were further integrated
into existing community networks. The final
stage, evaluation (1995-1999), focused on
assessing and reporting results from the
programme.

Methods

A quasi-experimental design'® was used, with
measurements taken before and after implemen-
tation in the programme implementation area
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and in a neighbouring control municipality in
Ostergotland county. The main intervention
effect was studied using prospective registration
of all acute health care episodes during the study
period. As the study areas were not randomly
chosen, environmental indicators were studied.
To avoid bias, the research team was composed
of evaluators who had not taken part in the
implementation and programme managers with
experience of the programme process.

DEFINITIONS
The ICD-8 was used to classify the nature and
external cause of the injury."

A sport related injury was defined as an
injury requiring treatment in the health care
system sustained during a leisure time physical
activity that required more or less vigorous
bodily exertion and carried out according to a
traditional form or set of rules. Sport related
injuries occurring at school were included. The
abbreviated injury scale (AIS-80)*° was used to
classify the severity of the injury into three lev-
els: AIS 1, minor; AIS 2, moderate; AIS 3-6,
severe-fatal.”!

DATA COLLECTION
The study period before implementation cov-
ered the 52 weeks from 1 October 1983 to 30
September 1984. The period after implemen-
tation covered the 52 weeks from 1 January
1989 to 31 December 1989.

Data were collected for all patients present-
ing at a health care unit located in the study
and control areas during the registration
periods. A report form with the time of contact
and standard personal data was filled in by staff
at the care unit. On the same form was
recorded whether unintentional injury was a
possible reason for the visit.

Two specially trained nurses made an injury
classification from the medical records after the
care episode. Injury severity was only recorded
in the study area. When necessary, the attend-
ing doctor was asked to help to classify the
injury. The registration model was based on
experiences from earlier prevention pro-
grammes in Sweden.”

The routine for data collection was tested in
a pilot project. Before the start of each study
period, the staff at the relevant health care units
were carefully instructed, and the routine was
practised over two weeks.

VALIDITY AND RELIABILITY TESTS

To identify confounding social trends, popula-
tion variables possibly related to the sports
injury rate were selected with the guidance of
social change theory.” ** Data on population
age and sex mix, sites of residency, education,
income, and employment were collected retro-
spectively from national registers (Statistics
Sweden) for the study periods. Whereas physi-
cal exercise is often performed as a scheduled
activity among adults, children practice their
favourite sports both in improvised play and by
participation in organised training and compe-
tition. In the light of previous experience,” no
registration of risk exposure among partici-
pants was performed. Instead, membership
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and activity data from local sports clubs in the
study area were followed.

The study area had four health care centres
and a county annex hospital with a casualty
department, whereas the control area shared
the annex hospital and had two health care
centres, one of which had an emergency unit.
The use of acute health care services at these
units was followed by recording data from all
attendances during both registration periods.
Both the study and control areas are situated
50 km from Link6ping University Hospital.
Systematic differences between the areas with
regard to injured people attending for care out-
side the registration areas were sought by ana-
lysing all attendances at the emergency depart-
ments of the wuniversity hospital during
September 1984. Fatal injuries other than
those recorded in the study were researched by
analysing local police records.

To estimate the quality of the specific injury
registration procedure, secondary sampling of
all acute health care attendances in the study
area was undertaken during the third week of
the registration period before implementation
and in both the study and control areas during
the third week of the registration period after
implementation.

STATISTICAL ANALYSIS
Statistical analyses were based on the cumulative
rate of sports injuries in the community.
Changes in the relative risk of injury associated
with the factor “exposure to the safe community
programme” were estimated by odds ratio.*

Results

ENVIRONMENTAL INDICATORS

Age and sex mix in both areas were close to the
national average. Residential and income char-
acteristics also remained stable (table 1). The
educational level in both areas was slightly
below the national average and showed a
tendency to increase. The proportion of the
population in the study area who were
members of a sports club was 39% in both
1983/1984 and 1989, whereas their activity
level increased by 12%, from 730 000 partici-
pations in organised sport in 1983/1984 to
820 000 participations in 1989.

QUALITY OF REGISTRATIONS

During the registration period before imple-
mentation, which also included injuries other
than sports injuries, identity data were missing
for 18 of the 4926 injured patients (0.4%) in
the study area and 23 (0.9%) of the 2694
injured patients in the control area. During the

Table 1  Sociodemographic trends in the study area (Motala) and control area (Mjolby)

over the registration periods

Population characteristics (%)

Study area Control area

1984 1989 (n=41 1984 1989

(n=41 400) 700) (n=25 900) (n=26 100)
Urban residents 82 82 79 81
Gainfully employed 49 50 49 51
Average income* 93 93 93 93

*Percentage of national mean.
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period after implementation, which also in-
cludes non-sport related injuries, 10 of the
4287 injured patients (0.2%) in the study area
could not be identified in the medical records.
For six of the 2746 injured patients (0.2%) in
the control area, identity data were missing.

In the registration control during the period
before implementation, five (5%) of the 102
secondarily observed injuries were found not to
have been registered in the study area: three
had mistakenly not been registered as injuries
and two others were found not to have been
recorded. During the period after implementa-
tion in the study area, four (5%) of 84 second-
arily observed injuries had not been registered;
these had not been recorded. In the control
area, seven (14%) of 51 secondarily observed
injuries had not been registered: three had mis-
takenly not been registered as injuries and four
others had not been recorded.

A lower proportion of all injured residents
from the study area (11/422; 3%) than from the
control area (28/253; 12%) was found to have
been directly provided with acute care at the
university hospital during the month of the
control study.

INJURY RATES

In the study area, the total rate of sports related
injuries decreased by 14% (table 2), corre-
sponding to a change from 21 to 18 injuries per
1000 population years. No tendency to de-
crease was observed in people over 40. In the
control area, there was no evident change in
total morbidity, although a tendency towards a
decrease was observed (from 16 to 15 injuries
per 1000 population years). The trends in the
study and control areas were not statistically
significantly different. Taking injury severity
into account, the risk of moderately severe
injury in the study area was reduced to almost
half (odds ratio 0.58; 95% confidence interval
(CI) 0.50 to 0.68), while the minor injuries
increased (odds ratio 1.22; 95% CI 1.06 to
1.40). At the same time, the risk of severe or
fatal injuries remained constant.

TYPE OF SPORT

In the study area, total rates decreased only for
injuries sustained in the two dominant team
sports (table 3). In both of these, soccer (odds
ratio 0.72;95% CI 0.46 to 1.14) and handball/
basketball (odds ratio 0.61; 95% CI 0.36 to
1.06), injuries to the upper extremities showed
the strongest tendency to decrease. For moder-
ate injuries, the rates were reduced by more
than one third for the dominant team sports,
soccer, handball/basketball, and ice hockey,
and for horse riding and skiing among the indi-
vidual sports. For all sports, the rates for severe
or fatal injuries remained constant.

ANATOMICAL LOCATION
In the study area, the total rate decreased for
injuries to the upper extremities and the trunk
(table 4). The decrease was most pronounced
for upper extremity injuries sustained during
horse riding, which were reduced to one quar-
ter (odds ratio 0.21;95% CI 0.06 to 0.74). For
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Table 2 Relative risk berween 1983/1984 and 1989 estimated by odds ratio (95% confidence interval) for sport related injuries in the study area (Motala) and control area (Mjolby) over the registration periods classified

according to age and sex

Control area

Study area

Toral

Women

Men

Total

Women

Men

1989 1983/1984 1989 1983/1984 1989 198311984 1989 198311984 1989 1983/1984 1989

1983/1984

Age 0-12

63

95

33

34

30

61

113

144

45

63

68

81

Injured

4064

2075 2120 1989 4309

2189

6522

6571

3175

3203

3347

3368

Non-injured

QOdds ratio
Age 13-19

0.79 (0.62-1.01) 0.52 (0.33-0.81) 1.03 (0.64-1.68) 0.70 (0.51-0.97)

0.72 (0.49-1.06)

0.84 (0.61-1.17)

135

141

53

64

82

77

246

294

100

120

174 146

Injured

2503

1225 2650

1274

1811 4107 3730 1376 1278

2028

1919

2079

Non-injured

Odds ratio
Age 20-39

0.93 (0.71-1.23) 0.92 (0.77-1.10) 1.15 (0.83-1.58) 0.86 (0.59-1.25) 1.01 (0.80-1.29)

0.91 (0.72-1.14)

159

136

23

20

136

116

312

352

59

62

290 253

Injured

6645

6863

3200

3329

3444

3534

10 705

10 866

5276

5395

5429

5471

Non-injured
Odds ratio
Age 40+

0.97 (0.68-1.39) 0.90 (0.77-1.05) 1.20 (0.93-1.55) 1.20 (0.66-2.18) 1.21 (0.96-1.52)

0.88 (0.74-1.04)

27

36

17

22

19

78

65

24

19

54

46

Injured
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moderate injuries, the morbidity rates were
reduced by half or more for injury to the upper
extremities and for multiple site injury. For all
anatomical locations, the risk of severe or fatal
injuries remained constant.

Discussion

Because of its very nature, physical exercise
always has the risk of unintentional injuries.
Large scale promotion of physical exercise in a
community for public health reasons® * should
therefore be accompanied by a programme for
control and prevention of injuries. It has been
concluded that in the action logic for injury pre-
vention, the occurrence and severity of injuries
in different strata of the population have to be
considered.” In this study, a programme based
on this view was evaluated. The total rate for
sports related injuries decreased in the study
population, and the risk for injury other than
minor was reduced to almost half. The decrease
in total morbidity rate was still not statistically
significantly different from that of the control
population, which suggests a global declining
trend in injury rates. The difference between
total outcome and outcome with regard to non-
minor injuries can be explained by the pro-
gramme aim: to prevent injuries while minimally
discouraging leisure time physical activity in the
population.

A disappointing result is that no decrease in
injury risk was observed among people over 40.
One reason may be that people in these age
groups participate less in traditional sports.
Instead, they choose lifestyle types of physical
exercise, such as cycling to work or gardening,
which were not touched by the programme.
Injuries sustained during lifestyle physical
activities were not included because their
prevention would require measures other than
those involving local sports organisations. A
further deficiency in the study was that no dif-
ferentiation was made between subjects below
and above retirement age. The programme
design needs to be modified to include analysis
of physical exercise preferred by these sub-
groups and the participation of senior citizen
organisations in the design of interventions.
Specific measures can then be implemented—
for example, for prevention of repeated falls
during daily exercise among the old.

Another apparently disappointing result is
that no decrease in the most severe injuries was
observed. However, because of the low baseline
rate of injuries in this category, a conclusive
statistical analysis was not possible using the
present data set. The cause of severe sports
related injuries has been described as an inter-
play between exceptionally unfavourable and
unusual conditions.” Therefore, as a rule,
severe injuries are not prevented by interven-
tions directed towards injuries that are epide-
miologically the most common. Consequently
further studies of severe sports related injuries
at community level are needed. One way to
identify common causative factors is detailed
analysis of fatal accidents.™

The study design does not permit us to infer
any association between specific interventions
and programme outcomes. However, there are
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indications that the elimination of high risk
situations by adhering to rules and norms
for conduct in organised sports was
successful. Rules that have been successful
for preventing injuries have previously
been reported for specific sports—for
example, ice hockey—where compulsory
use of the face mask by young players has
virtually eliminated eye injuries.”” The
greatest risk reduction observed in this
study was for injuries to the upper
extremities. A sports related injury to the
upper extremities is typically caused by a
collision or fall, events that are disadvanta-
geous in most sports. Risk reduction can
therefore be a consequence of the influence
of the fair play programme on these
specific, and for the nature of the physical
exercise, unfavourable events. This obser-
vation is in accordance with previous stud-
ies, which have suggested that rules
discouraging play that may result in
collisions or falls can be recommended in
programmes to prevent sports related
injury without deviating from the spirit of
the sport. Avoidance of high risk situations
by enforcing rules does not have to be
restricted to team sports. An example from
an individual sport is the supervision rule
for young and novice horse riders, which
was associated with a decrease in relative
risk of riding injuries to the upper extremi-
ties to one quarter.

The decrease in moderate soccer injuries
was a major contribution to the total
decline in injury rate. This decrease is
probably a result of several combined
factors. At a population level, the risk of
sustaining a soccer injury is highest among
children and teenagers."* Even though inju-
ries to the lower extremities are the most
common in adult soccer,” in this study the
injuries to the upper extremities decreased
the most. One explanation is that the nature
of soccer injuries differs between youths
and adults. Compared with adults, children
more seldom sustain knee and groin
injuries, whereas injuries to the upper
extremities are less common in adults. The
decrease in injuries to the upper extremity
can be explained by the fact that the rules
for fair play in school and youth soccer have
had a rapid effect. Although the physical
preparation and warm up programmes
reduced the injuries to the lower extremities
in adult soccer, the effect was slower and
spread beyond the time frame of this study.
To be able to optimally adjust prevention of
soccer injuries to different age groups,
further longitudinal community level inves-
tigations are still required.

The lack of proper definitions is a
hindrance to the study of sports related
injuries. The fact that this study primarily
had a public health, and not a sport
competitor, focus is shown in the choice of
scale for classification of injury severity.
The AIS is validated with regard to clinical
parameters and not measurements of
injury severity usually used for sports—that

1989
49

41 661
114
41 596
27

41 683
336
41 374
218
41 491
41 706
747
40 961

0.69 (0.48-1.00)
0.60 (0.48-0.76)
0.55 (0.34-0.88)
1.02 (0.87-1.19)
1.01 (0.83-1.22)
0.99 (0.25-3.97)
0.87 (0.79-0.96)

All
1983/1984
70

41 362
188

41 244
49

41 383
328

41 104
215

41 216
4

41 428
854
40 577

1989
41708
16

41 694
41 689

Serious (AIS 3-6)
1983/1984

41 427

0.40 (0.08-2.05)
41 425

2.27 (0.93-5.52)
14

41 418

1.49 (0.76-2.93)

1989
13

41 697
54

41 656
17

41 693
177
41533
20

41 690
282
41 428

121

Moderaze (ALS 2)
41 311

0.52 (0.26-1.01)
0.44 (0.32-0.61)
0.63 (0.34-1.15)
0.85 (0.70-1.04)
0.20 (0.13-0.33)
0.58 (0.50-0.68)

1983/1984
25

41 407
27

41 405
206
41 226
97

41 335
477
40 955

1989
34

41 676
57

41 653
10

41 700
143

41 567
198
41512
41 708
444
41 266

Degree of severity
Minor (AIS 1)

0.84 (0.53-1.33)
0.86 (0.60-1.22)
0.45 (0.21-0.95)
1.24 (0.97-1.58)
1.68 (1.34-2.12)
0.66 (0.11-3.96)
1.22 (1.06-1.40)

41 392
66
41 366
22
41 410
115
41 317
117
41 315
41 429
363
41 069

Diagnosis* 1983/1984
40

1
I
11
v
v
VI

Non-injured

Odds ratio
Upper extremities

Non-injured

Odds ratio
Spine, chest, and pelvis

Non-injured

Odds ratio
Lower extremities

Non-injured

Odds ratio
Lacerations and injuries at multiple sites; crush injuries

Non-injured
Odds ratio

Other
Non-injured

Odds ratio

All
Non-injured

Injured
Injured
Injured
Injured
Injured
Injured
Odds ratio

Injured
*Specification of diagnosis (International statistical classification of diseases, injuries, and causes of death, 1965 revision): I, 800-804, 830, 850-854, 870-874, 879, 910, 930-933, 935; II, 810-819, 831-834, 840-842, 880-887, 912-915; III, 805—

809, 846-848, 860-869, 875-878, 911, 934, 936-939; IV, 820-829, 835-839, 843-845, 890-897, 916-917; V, 900-907, 918, 920-929; VI, 940-999.

AIS, Abbreviated injury scale.

Table 4  Relative risk between 1983/1984 and 1989 estimated by odds ratio (95% confidence interval) for sport related injuries in the study area (Motala) over the registration periods classified according to diagnosis and

location of injury and degree of severity

Location or cause

Head
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is, the period of inability to perform physical
exercise.” The scale is nevertheless well estab-
lished for emergency room use and was, consid-
ering the study objectives, the obvious alternative
for severity classification. There are few reasons
to doubt that the AIS has sufficient validity for
classification of acute sports injuries. However,
an under-representation of overuse injuries is
likely to have occurred.

The sociodemographic mix in the study and
control areas are representative of general Euro-
pean populations, and the baseline sports related
injury patterns correspond to previous stud-
ies.”” * However, it has to be questioned how
much of the decrease in morbidity can be attrib-
uted to the programme and to other factors. The
study design was quasi-experimental, therefore
external factors may have systematically influ-
enced the results. Moreover, the individual spe-
cific risk exposure was not included in the
analyses. As community level injury risk was the
object of this study and participation in organ-
ised sports was controlled at the population
level, the morbidity rate was considered to
suffice. No evidence of change in exercise
patterns or relevant environmental factors was
observed during the study period. However,
development of protective equipment for soccer
players, for example, increased rapidly during
the study period. The tendency toward a
decrease in injury rates in the control area can
thus be attributed to a general trend in
prevention of sports related injury during the
time of the study. However, both the total
decrease and the decrease in non-minor injuries
in the study area was of an extent that cannot be
explained by general trends or chance.

In conclusion, a prevention programme
based on evidence based promotion of fair
play, supervision of novices, and compulsory
use of protective equipment was found to
reduce the rate and severity of injuries related
to physical exercise in a local community. The
effect was most pronounced for moderate inju-
ries (AIS 2) and in the prevalent team sports.
No effect was observed in the older age groups
and on severe injuries (AIS 3-6). Community
based programmes for injury prevention dur-
ing physical exercise can be effective but need
to be adjusted to include all age groups and
types of physical exercise.

This study was supported by grants from the Swedish Centre for
Sports Research (CIF), the Swedish National Institute of Pub-
lic Health, the Swedish MTO programme, and the Ostergotland
County Council.
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Take home message

In these days when physical exercise is promoted in public health campaigns, it is of concern
that the effectiveness of broad sports injury prevention is lacking. The WHO safety commu-
nity programme reduced the total incidence of sports related injuries by 14% in a local com-
munity, and the non-minor injury rate was reduced to almost half. Evidence based
programmes can prevent severe sports related injuries in a community and should be used in
parallel with promotion of physical exercise.

British Association of Sport and Exercise Medicine in
association with the National Sports Medicine Institute
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Injury management and medicine: head, neck and upper limb 11-16 February
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BASEM Congress Oct/Nov
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Injury Management and Medicine: lower limb 18-23 November
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For further details of these courses please contact Mr Barry Hill, The National Sports Medicine
Institute, c/o Medical College of St Bartholomew’s Hospital, Charterhouse Square, London
EC1M 6BQ.

Tel: 020 7251 0583 (ext 237); fax: 020 7251 0774; email: barry.hill@nsmi.org.uk
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