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ABSTRACT

Objective To investigate whether a neuromuscular

training programme is effective in preventing non-contact

leg injuries in female floorball players.

Design Cluster randomised controlled study.

Setting 28 top level female floorball teams in Finland.

Participants 457 players (mean age 24 years)—256 (14

teams) in the intervention groupand201 (14 teams) in the

control group—followed up for one league season (six

months).

Intervention A neuromuscular training programme to

enhance players’motor skills and body control, as well as

to activate and prepare their neuromuscular system for

sports specific manoeuvres.

Main outcome measure Acute non-contact injuries of the

legs.

Results During the season, 72 acute non-contact leg

injuries occurred, 20 in the intervention group and 52 in

the control group. The injury incidence per 1000 hours

playing and practise in the intervention group was 0.65

(95% confidence interval 0.37 to 1.13) and in the control

group was 2.08 (1.58 to 2.72). The risk of non-contact leg

injury was 66% lower (adjusted incidence rate ratio 0.34,

95% confidence interval 0.20 to 0.57) in the intervention

group.

Conclusion A neuromuscular training programme was

effective in preventing acute non-contact injuries of the

legs in female floorball players. Neuromuscular training

can be recommended in the weekly training of these

athletes.

Trial registration Current Controlled Trials

ISRCTN26550281.

INTRODUCTION

Physical activity and exercise are beneficial for health.1

Participation in competitive and recreational sports,
however, increases the risk of injury.2

Acute injuries of the legs, especially those affecting
the ankle and knee joints, are a common and serious
problem in pivoting team sports3-7 such as handball,
basketball, and floorball—sports that include plant and
cut movements, sudden accelerations, stops, and turns
—often causing long term harms for the player. Ankle
injuries recur easily3 8 9 and severe knee injuries often
lead to the early development of osteoarthritis.10 11

Several studies have shown that a neuromuscular
training programme can reduce the risk of ankle and
knee injuries among athletes,12-18 whereas intervention
studies found no decline in risk of injury in the training
group.19 20Aproblemin interpreting these results is that
the methodological quality of the interventions has
been heterogeneous.21

Floorball has become a popular sport in Europe
during the past decade.6 22-24 It can be described as
hockey played indoors on a court (20 m × 40 m)
surrounded by a low board. Floorball results in many
injuries, with the knee and ankle joints being the most
commonly affected sites6 22-24; 59% of acute ankle
injuries and 46% of acute knee injuries occur through
non-contact mechanisms.24 We investigated whether a
systematic neuromuscular training programme could
reduce the risk of acute non-contact leg injuries in
female floorball players.

METHODS

On the basis of a recent study of injuries during
floorball 24 we estimated an incidence of 0.6 leg injuries
per person year. Our power calculation for this cluster
randomised studywas basedon the assumption thatwe
would detect a 50% reduction in the incidence of leg
injuries, from0.6 injuries per person year in the control
group to 0.3 per person year in the intervention group.
We set the statistical power to 0.80, the significance
level to 0.05, and the coefficient of variation of
incidence rate between clusters (at team level) to 0.04.
Thus we estimated that we would need to recruit a
minimumof 344 players from 24 teams for a follow-up
of six months.

Participants and randomisation

During April and May 2005 we invited 36 female
floorball teams in Finland to participate in this study.
Twenty eight agreed. Informed consent was sought
from each player. We included players if they were
official members of the participating teams and had no
major injury at study onset. Of 477 players who agreed
to participate, 457 were eligible for the study.
Using the team as the unit of randomisation we

carried out stratified cluster randomisation to the
intervention and control groups at league level (elite
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league and first division and second division). We
controlled for floor composition (artificial or wooden)
of the trainingvenueof each team.The statistician (MP)
who carried out the computer generated randomisa-
tion was not involved in the intervention.
We informed the teams allocated to the intervention

group about the upcoming training programme for
preventing injuries. Teams in the control group were
asked todo their usual trainingduring the studyperiod;
after the study they received the same training
programme and equipment as the intervention group.

Intervention

The neuromuscular training programme was devel-
oped by the medical and sports coaching staff of the
UKK Institute. The feasibility of the programme was
tested in one female floorball team during the summer
preceding the intervention. The intervention took
place between 1 September 2005 and 28 February
2006. At the start of the intervention period we
educated one or two team members (coach, physio-
therapist, or player) from each intervention group on
how to use the training programme with their team.
Each intervention team was provided with an instruc-
tion booklet, eight balance boards (disc diameter 35
cm; Fysioline, Tampere, Finland), eight balance pads
(50×41×6 cm; Alcan Airex, Sins, Switzerland), eight
medicine balls (ball diameter 28 cm, weight 1 kg, Togu
Gebr Obermaier, Prien-Bachham, Germany), and an
exercise diary. During the intervention period the
educated instructors kept a diary of scheduled neuro-
muscular training sessions (content and duration of a
session and number of participants).
The programme was designed to enhance players’

motor skills and body control as well as to activate and
prepare the neuromuscular system for sports specific
manoeuvres. The programme consisted of four exer-
cises: running techniques, balance and body control,
plyometrics, and strengthening exercises (box and
fig 1). In addition, players who had difficulties with
control of the lower back or limits on flexibility did
stretching exercises for the first two weeks of training.
They were also advised to continue these exercises in
their own time. Each exercise had different variations,
with diverse difficulty and intensity. Themain point of
each exercisewas to focusonproper techniques suchas
good posture, neutral zoning of lumbar spine, core
stability, andpositioningof thehip andknee, especially
“knee-over-toe.” The aim of the training was to
improve control of the back, knees, and ankles during
sports specificmanoeuvres (running, cutting, stopping,
standing) and thereby reduce the risk of injuries.
Playersworked inpairs andwere guided to look at each
other’s technique and to give feedback during training.
The neuromuscular training sessions were carried

out just before the floorball exercises, with a warm-up
of low to moderate intensity for each exercise. One
session lasted 20-30minutes, with each exercise taking
about five to seven minutes. The training was divided
into four periods during the floorball season: two
intensive training periods, which contained

Neuromuscular training programme

Running exercises (5-7 minutes)

Each training session starts with twominutes’ jogging (20mdistance back and forth), then

three to four minutes of eight running technique exercises, which are listed below (1 or 2

repetitions eachof 20mdistance). The running exercise session endswith a speed run (2-3

repetitions of 20 m distance)

Carioca running

Sideways gallop

Zigzag running forward

Zigzag running backwards

Skipping

Walking lunges × 4-8 steps and slow forward running

Slow alternate bounding

Combination hops (right-right-left-left-right-right)

Balance and body control exercises (5-7 minutes): one of three exercises

Squat technique with stick (either double or single leg)

Double leg—2-3×10-15 repetitions

Single leg (right and left)—2-3×8-10 for right leg and 8-10 repetitions for left leg

Balance exercise with medicine ball

Single leg (right and left)—2-3×4-6 for right leg and 4-6 throws for left leg

Balance board exercise (double or single leg)

Double leg: with or without stick or ball—2-3×20-30 seconds

Single leg (right and left): with or without stick or ball—2-3×20-30 seconds for right leg

and 20-30 seconds for left leg

Plyometrics (5-7 minutes): one of three exercises

Forward jumps (double or single leg)

Double leg jumps—2-3×3-5 repetitions

Single leg hops (right and left)—2-3×3-5 for right leg and 3-5 repetitions for left leg

Jumps in place

Three alternative exercises (lateral skate leap, split squat jump, or cycled split squat

jump)—2-3×8-12 repetitions

Jumps over stick or sticks (double or single leg)

Double leg: three alternative exercises (backward and forward jumps, lateral jumps, or

three dimensional jumps)—2-3×8-12 repetitions

Single leg (rightand left): threealternativeexercises (backwardand forwardhops, lateral

hops, or three dimensional hops)—2-3×4-8 for right leg and 4-8 repetitions for left leg

Strengthening exercises (5-7 minutes): one exercise for lower legs and one for core
stability

Double leg squat with partner on back—2-3×8-12 repetitions

Single leg split squat (right and left)—2-3×4-8 for right leg and 4-8 repetitions for left leg

Nordic hamstrings—2-3×4-8 repetitions

Isometric side and front bridge (right side and front and left side)—2-3×10-30 seconds for

right side, 10-30 seconds for front, and 10-30 seconds for left side

Cross curl-up (right and left)—2-3×10-20 for right side and 10-20 repetitions for left side

Stretching exercises (5 minutes): for players with limits on low back function and
flexibility

The exercises were introduced during the first two weeks of training. After that the players

were advised to carry out the exercises in their own time

Seated hip and low back neutral zone exercise—2-3×20 seconds

Hamstring stretch (right and left)—1-2×20 seconds for right and 20 seconds for left

Kneeling hip flexor stretch (right and left)—1-2×20 seconds for right and20 seconds for left
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neuromuscular training twice or three times a week,
and two maintenance training periods with one
training session in the weekly programme. Intensive
training took place at the start of the season and during
the break from games in December. Over the
competitive season the neuromuscular exercises were
followed through with maintenance training.

Outcome measures

The primary outcome was an acute leg injury that
occurred in non-contact circumstances (no contact
with other player, stick, or ball). A secondary outcome
was any injury to the legs (overuse injuries included).
We defined an injury as acute if it occurred during a
scheduled floorball game or practice, preventing the
player from participating in a game or practice session
for 24 hours. The severity of injuries was defined
according to Ekstrand and Gillquist25: minor injury—
an injury causing absence from practise for 1-7 days;
moderate injury—an injury causing absence from
practise for 8-28 days; major injury—an injury causing
absence from practise for more than 28 days.

Data collection

At baseline, players completed a questionnaire on
background information, including anthropometrics,
previous injuries, experience with floorball, and
preseason training volume. During follow-up each
coach recorded the players’ scheduled practice and
game hours on an exercise diary and noted all injured
players. Injuries were recorded using a structured
questionnaire. Injured players recorded the time,
place, cause, type, location, and severity of the injury.
After each follow-up month the coach mailed the
diaries and questionnaires to the study doctor (TM).
The study doctor contacted players after each new
injury and checked the accuracy and consistency of the
questionnaire data. She was responsible for the data
collectionbutwasnot involved in the intervention.The
player was defined as injured until she was able to train
and play floorball again. At the end of the season all
players filled in a questionnaire on injuries and
subjective participation in the study to check the
completeness and coverage of data collection.

Statistical analysis

We expressed the incidence (95% confidence interval)
of injury as the number of injuries per 1000 hours of
floorball practise and play. One way analysis of
variance was used to estimate the intracluster correla-
tion coefficients of incidence rates for injury. The
unadjusted and adjusted incidence rate ratio between
the two groups (intervention v control) was obtained
from two level Poisson regression models. We
considered a P value <0.05 to be significant. In the
data analysis by multilevel modelling we took the
cluster randomisation into account. Adjustments were
done by individual level (age, body mass index,
experience of floorball, playing position, and number
of orthopaedic operations) and team level (league level
and previous incidence of injuries). We did analyses
according to the intention to treat principle. In addition
to the intention to treat analyses,we carriedout efficacy
analyses to evaluate the potential benefits of high
compliance and adherence to training (high indicating
those teams that carriedout theneuromuscular training
at least three times a week during the first intensive
period, at least twiceaweekduring the second intensive
period, and at least once a week during the

Fig 1 | (a) Balance exercisewithmedicine ball (assistant stands on two legs andplayer on one leg:

assistant throws ball to player, who catches ball overhead and returns it below knee); (b) balance

exercisewithmedicineball (on one leg players throw and catch ball fromside of body); (c) balance

boardexercisewithstickandballonone leg; (d) threedimensional leghopsoversticks; (e) legsplit

squat; and (f) isometric side and front bridge

Table 1 | Characteristics of female floorball players receiving neuromuscular training programme

(intervention group) or usual training (control group). Values are number (percentage) of players

unless stated otherwise

Characteristic Intervention group (n=256) Control group (n=201)

Mean (SD) age (years) 24.2 (5.0) 23.3 (4.8)

Mean (SD) height (cm) 165.8 (5.1) 166.4 (5.3)

Mean (SD) weight (kg) 62.6 (8.0) 63.3 (8.1)

Mean (SD) body mass index (kg/m²) 22.7 (2.5) 22.8 (2.4)

Mean (SD) floorball experience (years) 7.1 (3.1) 7.3 (3.0)

Mean (SD) preseason training* 7.5 (3.1) 7.8 (3.5)

Previous orthopaedic operations 66 (26) 36 (18)

Preseason leg injuries†:

Ankle ligament 10 (4) 12 (6)

Knee ligament 1 (<1) 3 (1)

Muscle strain 8 (3) 3 (1)

Overuse 13 (5) 13 (6)

Total 32 (13) 31 (15)

Mean (SD) total exposure time (hours) during
season‡:

Training§ 119.5 (30.9) 117.8 (29.4)

Game¶ 6.8 (2.3) 6.7 (2.3)

Total 126.3 (32.5) 124.5 (30.8)

*Hours spent a week in sports four months before study.

†Occurring in four months before study.

‡Hours spent during six months’ follow-up in structured training and playing.

§Hours spent during six months’ follow-up in structured training (floorball and other).

¶Active game hours spent during six months’ follow-up in structured floorball games.
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maintenance periods). We used the MLwiN (version
2.02) software package for multilevel analyses.

RESULTS

Figure 2 shows the flow of teams and players through
the study. The consent rate for participation was high
(86% of players from 28 teams) and the dropout rate
low (5%). Twenty one players dropped out during the
study period because of severe injury: nine from the
intervention group (eight knee ligament ruptures and
one rotator cuff rupture of the shoulder) and 12 from
the control group (six knee ligament ruptures, four
ankle ligament ruptures, andone lumbar disc prolapse.
Data from these players were included in the analyses
for the time they participated.
Theplayers inbothgroupswere similar for age, body

mass index, experience of floorball, and scheduled
hours spent in trainingandplay (table 1).Nosignificant
differences were found between the groups in number
of previous injuries, operations, or preseason training
volume. Five teams (36%) in the intervention group
used the training programme according to schedule,
six (43%) had some irregularities in training, and three
(21%) interrupted training during follow-up. Table 2
shows the training volume of the intervention teams. A
mean 74% of the intended training sessions were
carried out as planned.
Participation in the intervention during the first

intensive and maintenance periods was more active
thanduring the secondperiods (table 3). Irrespectiveof
adherence to the intervention, all teams continued data

collection to the endof the study. Someof theplayers in
the control group also did neuromuscular exercises
during the study period: running technique, strength-
ening exercises, plyometrics, and balance board
exercises (table 4). The number and frequency of
these exercises were lower than in the intervention
group.

Injury incidence

Overall, 32 327 scheduled hours of training and play
was reported for the intervention group during the
season, with a total of 87 leg injuries compared with
25 019hours of training andplay and102 leg injuries in
the control group.
Significantly fewer non-contact leg injuries (adjusted

incident rate ratio 0.34, 95%confidence interval 0.20 to
0.57, P<0.001; table 5) occurred in the intervention
group than in the control group. The overall risk of leg
injury was significantly different between the groups,
favouring the intervention (adjusted incidence rate
ratio 0.70, 0.52 to 0.93, P=0.016). This difference was
due to a reduction in non-contact leg injuries as no
differences were found between the groups for acute
contact injuries or overuse leg injuries.
Six ruptures of the anterior cruciate ligament

occurred in the intervention group, of which three
were non-contact injuries, compared with four rup-
tures of the anterior cruciate ligament in the control
group, of which three were non-contact injuries.
In efficacy analysis, intervention teams with high

compliance and adherence to the neuromuscular
training had a lower risk of injury than the control
group: the incidence rate ratio between the high
compliance group and control group for non-contact
leg injury was 0.19 (95% confidence interval 0.06 to
0.64, P=0.007), for non-contact ankle ligament injury
was 0.19 (0.05 to 0.82, P=0.026), and for non-contact
knee ligament injury was 0.32 (0.04 to 2.59, P=0.284).

DISCUSSION

A neuromuscular training programme was effective in
preventing acute non-contact leg injuries in female
floorball players. The programme, aimed to enhance
motor skills and body control, reduced the risk of leg
injury by 66%. The intervention focused on improving
the players’ motor skills and body control as well as
preparing the neuromuscular system for sports specific
manoeuvres. The programme was designed to reduce
the incidence of acute non-contact leg injuries, which
are common in floorball. Compared with the control

Table 2 | Complianceof female floorball teams (n=14) receiving
neuromuscular training intervention

Variable
Mean (SD, range) volume of

training

No of training sessions* 31 (12, 2-45)

% of players attending training 69 (15, 42-96)

Duration (minutes) of training
session

24 (4, 19-32)

*Target number of sessions was 42 per team during season.

Assessed for eligibility (36 teams; 680 players)

Refused to participate 
(8 teams; 150 players)

Agreed to participate (28 teams; 530 players, 
of which 477 agreed to participate in study)

Excluded (2 players with surgery due)

Randomised (28 teams; 475 players)

Intervention group (14 teams; 265 players) Control group (14 teams; 210 players)

Excluded (9 players with no contract) Excluded (9 players with no contract)

Analysed (14 teams; 256 players) Analysed (14 teams; 201 players)

Fig 2 | Flow of teams and players through study
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group that received usual training, the intervention
grouphad significantly fewer injuries.A reduced injury
ratewas foundoverall for leg injuries aswell as for acute
non-contact leg injuries. The greatest effects were
observed in non-contact injuries of the ankle ligament.

Some studies have indicated that neuromuscular
training probably plays a crucial part in the prevention
of injuries12-18 and this intervention study supports
these findings. In one study a multiple training
programme for six weeks in high school sports teams
reduced the rate of serious knee ligament injuries as
well as the rate of non-contact knee ligament injuries.13

Another study showed that a structured warm-up
programme among young handball players reduced
the risk of traumatic knee and ankle injuries and the
overall risk for severe and non-contact injuries.17 We
found similar reductions in the risk of non-contact leg
injuries, but when we analysed injuries by location, the
risk of only ankle injuries reached statistical signifi-
cance. The 51% reduction in non-contact knee
ligament injuries did not reach significance, but the
trend was parallel to that of overall non-contact leg
injuries.

Strengths and limitations of study

Our study had some limitations. Firstly, the potential
for not achieving double blinding in this type of study
limits the strength of the conclusions. The randomisa-
tion phase, data collection, and data analysis were
blinded, but for obvious reasons the coaches and
players could not be blinded. Secondly, the sample size
was sufficient for analyses of non-contact leg injuries
but too small for detailed analysis of anatomical
subgroups.

The study had many strengths. The validity of the
data was high as 86% of eligible players from 28
floorball teams could be recruited. In addition, the
intervention and control groups were similar for
baseline characteristics, dropout rate, and training
and play during follow-up. Compliance in collecting
the data on exposure and injuries was also good.

The neuromuscular training programme was a
modified combination of interventions from previous
studies, and the exercises were easy to learn. The
programme was designed to reduce the incidence of
acute non-contact leg injuries. Contact injuries, caused
by contact with another player, stick, or ball, are also
common in floorball24 although more difficult to
prevent.

The training programme included many different
exercise manoeuvres with several variations so it was
not possible to determine which particular manoeuvre
was effective in preventing injury. The determination
of type of injury may not, however, be necessary,
because floorball, aswith all other teamsports, includes
a wide variety of fast and dynamic movements. To
obtain proper body control and correct technique in
sports specific manoeuvres, it would probably be wise
to practise the required skills by noticeably varying the
tasks. Also, standardisation of neuromuscular training
is likely to be a key to injury prevention. To maintain
the preventive effect we recommend the inclusion of
varied neuromuscular exercises in weekly training
programmes all year.

Five teams (36%) from the intervention group
carried out the programme regularly through the
season. Six teams (43%) had irregularities in training
and three (21%) interrupted training. On the basis of

Table 3 | Number (percentage) of female floorball players in intervention groupparticipating in scheduled neuromuscular training

during each training period

Frequency of training
sessions

First training period Second training period

Intensive (6 weeks) Maintenance (8 weeks) Intensive (4 weeks) Maintenance (8 weeks)

1-3 times weekly 211 (82) 182 (71) 110 (43) 119 (46)

2 or 3 times monthly 9 (4) 30 (12) 16 (6) 37 (15)

≤1 monthly 10 (4) 16 (6) 41 (16) 25 (10)

None 26 (10) 28 (11) 89 (35) 75 (29)

Total 256 (100) 256 (100) 256 (100) 256 (100)

Table 4 | Number (percentage) of female floorball players in control group (usual training) who did neuromuscular training during

study period

Frequency of training
sessions

Type of neuromuscular training

Running
techniques Balance board Plyometrics* Strength training†

1 or 2 times weekly 67 (33) 14 (7) 40 (20) 62 (31)

2 or 3 times monthly 51 (25) 9 (4) 43 (21) 55 (27)

≤1 monthly 34 (17) 28 (14) 48 (24) 28 (14)

None 49 (25) 150 (75) 70 (35) 56 (28)

Total 201 (100) 201 (100) 201 (100) 201 (100)

*Jump and hop training.

†Double or single leg squats.
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information in the exercise diaries and players’
subjective estimation of participation, it seemed that
training activity was highest during the first two
training periods, after which it declined. The inter-
vention teams were, however, included in analyses
regardless of their intervention training activity and
therefore the effect of the programme might be even
higher than reported. The efficacy analysis confirmed
that the risk of injurywas lower among those teams that
trained regularly.
Although severe knee ligament injuries, particularly

injuriesof the anterior cruciate ligament, areof concern
in female floorball, this study could not analyse the
effect of the neuromuscular warm-up programme on
these injuries because there were too few such cases
(three non-contact ruptures of the anterior cruciate
ligament in both intervention and control groups). It is
noteworthy, however, that none of these ruptures
occurred among the five teams that trained regularly
through the season.
During the study it became obvious that some

players in the control group did similar exercises to
players in the intervention group, because these

exercises are commonly used in sports training.
Training among these controls did not reach the level
of the intervention group, however, and if this partial
contamination of the controls biased the results of the
study it erredon the sideof underestimating rather than
overestimating the effect of the neuromuscular training
on the risk of injury.
In the intervention a strong emphasis was placed on

proper technical performance of every exercise. We
considered it important that the intervention coaches
andplayers hadgoodknowledgeof the correct training
technique, typical mistakes in each exercise man-
oeuvre, and appropriate methods for their correction.
We emphasised that training with incorrect technique
was likely to result in improper motor skills and body
control and might increase the risk of injury.
This intervention study focused on women floorball

players in three top level leagues in Finland. Because
floorball players have a similar pattern of leg injuries
and injurymechanisms, the training programme could
be effective in floorball in general including players
that aremale, young, or play for recreational purposes.
Further studies are needed to verify the training effect
in these groups.
As it is easier to learn motor skills while young, we

recommend that regular neuromuscular training of
floorball players should begin no later than age 12.
Correction of poor motor technique may be more
difficult in adulthood—at least the learning process
takes substantially more time and repetitions than that
in childhood.
In conclusion, a neuromuscular training programme

was effective in preventing acute non-contact injuries
of the leg in female floorball players. Such training
should be included in the weekly training of this sport.

We thank the players, coaches, and instructors of each participating team

and the physiotherapists who participated and the Finnish Floorball
Federation.
Contributors:All authors conceived and designed the study. KP carried out
the literature search, coordinated and managed the study, which included
testing and refining the intervention and data collection. HH contributed to

testing the intervention and educating the instructors, which was planned

WHAT IS ALREADY KNOWN ON THIS TOPIC

Floorball players have an increased risk of ligament injuries
of the ankle and knee, and about half of these injuries occur
in non-contact situations

Studies providing evidence for prevention of sports injuries
have been methodologically limited

WHAT THIS STUDY ADDS

A neuromuscular training programme to enhance the motor
skills and body control of female floorball players reduced
the risk of leg injury by 66%

The risk of non-contact ankle and knee ligament injury could
be reduced by 65%

Neuromuscular training is recommended to be included in
the weekly training programme of floorball

Table 5 | Number and incidence (per 1000practise and playing hours) of acute non-contact leg injuries and incidence rate ratio for

female floorball players receiving neuromuscular training (intervention group) or usual training (control group)

Injury type

Intervention group
(n=256)

Control group
(n=201)

ICC

Unadjusted
incidence rate
ratio (95% CI) P value

Adjusted
incidence rate
ratio* (95% CI)

P
valueNo

Incidence (95%
CI) No

Incidence (95%
CI)

Non-contact leg 20 0.65(0.37 to1.13) 52 2.08(1.58 to2.73) 0.041 0.31 (0.17 to
0.58)

<0.001 0.34 (0.20 to
0.57)

<0.001

Ligament 15 0.48(0.27 to0.84) 38 1.52(1.10 to2.09) 0.033 0.31 (0.16 to
0.60)

<0.001 0.35 (0.19 to
0.64)

0.001

Ankle ligament 8 0.27(0.11 to0.64) 27 1.10(0.71 to1.70) 0.059 0.24 (0.09 to
0.65)

0.005 0.28 (0.12 to
0.67)

0.004

Knee ligament 7 0.22(0.10 to0.45) 11 0.44(0.24 to0.80) 0.004 0.49 (0.19 to
1.27)

0.143 0.49 (0.18 to
1.31)

0.155

Muscle strain 5 0.15(0.06 to0.37) 14 0.57(0.29 to1.12) 0.040 0.26 (0.09 to
0.72)

0.009 0.40 (0.12 to
1.32)

0.134

ICC=intracluster correlation coefficient for incidence of injury. Incidence rate ratio obtained from two level Poisson model. Level of significance was

<0.05.

*Adjusted at individual level (age, body mass index, floorball experience, playing position, and number of orthopaedic operations) and team level

(league, previous incidence of injuries). Cluster randomisation was taken into account in data analysis.

RESEARCH

page 6 of 7 BMJ | ONLINE FIRST | bmj.com

 on 20 M
arch 2024 by guest. P

rotected by copyright.
http://w

w
w

.bm
j.com

/
B

M
J: first published as 10.1136/bm

j.a295 on 1 July 2008. D
ow

nloaded from
 

http://www.bmj.com/


with KP. TM collected the data and carried out preliminary preparations of
the data. MP analysed and interpreted the data. KP wrote the first draft of
the paper and all authors provided substantive feedback on the paper and
contributed to the final manuscript. KP is guarantor.
Funding: Finnish Ministry of Education and Medical Research Fund of
Tampere University Hospital, Tampere, Finland. The funding sources did
not have any involvement with the progress of study.
Competing interest: None declared.
Ethical approval: This study was approved by the ethics committee of the
Pirkanmaa Hospital District, Tampere, Finland (ETL-code R04072).
Provenance and peer review: Not commissioned; externally peer
reviewed.

1 Pate RR, Pratt M, Blair SN, Haskell WL, Macera CA, Bouchard C, et al.
Physical activity and public health: a recommendation from the
Centers for DiseaseControl and Preventionand theAmericanCollege
of Sports Medicine. JAMA 1995;273:402-7.

2 Parkkari J, Kannus P, Natri A, Lapinleimu I, PalvanenM,HeiskanenM,
et al. Active living and injury risk. Int J Sports Med 2004;25:209-16.

3 Ekstrand J, Gillquist J. Soccer injuries and their mechanisms: a
prospective study.Med Sci Sports Exerc 1983;15:267-70.

4 Wedderkopp N, Kaltoft M, Lundgaard B, Rosendahl M, Froberg K.
Injuries in young female players in European team handball. Scand J
Med Sci Sports 1997;7:342-7.

5 MessinaDF,FarneyWC,DeLee JC. The incidenceof injury inTexashigh
school basketball. A prospective study among male and female
athletes. Am J Sports Med 1999;27:294-9.

6 SnellmanK,Parkkari J, KannusP, Leppälä J, Vuori I, JärvinenM.Sports
injuries in floorball: a prospective one-year follow-up study. Int J
Sports Med 2001;22:531-6.

7 Hinton RY, Lincoln AE, Almquist JL, Douoquih WA, Sharma KM.
Epidemiology of lacrosse injuries in high school-aged girls and boys.
A 3-year prospective study. Am J Sports Med 2005;33:1305-14.

8 McHughMP, Tyler TF, Tetro DT,MullaneyMJ, Nicholas SJ. Risk factors
for noncontact ankle sprains in high school athletes. The role of hip
strength and balance ability. Am J Sports Med 2006;34:464-70.

9 Kofotolis ND, Kellis E, Vlachopoulos SP. Ankle sprain injuries and risk
factors in amateur soccer players during a 2-year period. Am J Sports
Med 2007;35:458-66.

10 Deacon A, Bennell K, Kiss ZS, Crossley K, Brukner P. Osteoarthritis of
the knee in retired, elite Australian rules footballers.Med J Aust
1997;166(4):187-90.

11 Lohmander LS, Englund PM, Dahl LL, Roos EM. The long-term
consequence of anterior cruciate ligament and meniscus injuries:
osteoarthritis. Am J Sports Med 2007;35:1756-69.

12 Ekstrand J, Gillquist J, Liljedahl S. Prevention of soccer injuries.
Supervision by doctor and physiotherapist. Am J Sports Med
1983;11(3):116-20.

13 Hewett TE, Lindenfeld TN, Riccobene JV, Noyes FR. The effect of
neuromuscular training on the incidence of knee injury in female
athletes. A prospective study. Am J Sports Med 1999;27:699-705.

14 Wedderkopp N, Kaltoft M, Lundgaard B, Froberg K. Prevention of
injuries in young female players in European team handball. A
prospective intervention study. Scand J Med Sci Sports 1999;9:41-7.

15 Heidt RS, Sweeterman LM, Carlonas RL, Traub JA, Tekulve FX.
Avoidanceofsoccer injurieswithpreseasonconditioning.AmJSports
Med 2000;28:659-62.

16 Emery CA, Cassidy JD, Klassen TP, Rosychuk RJ, Rowe BH.
Effectiveness of a home-based balance-training program in reducing
sports-related injuries among healthy adolescents: a cluster
randomized controlled trial. CMAJ 2005:172:749-54.

17 Olsen O, Myklebust G, Engebretsen L, Holme I, Bahr R. Exercises to
prevent lower limb injuries in youth sports: cluster randomised
controlled trial. BMJ 2005;330:1-7.

18 McGuineTA, Keene JS. Theeffectof abalance trainingprogramon the
risk of ankle sprains in high school athletes. Am J Sports Med
2006;34:1103-11.

19 VerhagenE,vanderBeekA,TwiskJ,BouterL,BahrR,vanMechelenW.
The effect of a proprioceptive balance training program for the
preventionofanklesprains.Aprospectivecontrolled trial.AmJSports
Med 2004;32:1385-93.

20 Söderman K, Werner S, Pietilä T, EngströmB, Alfredson H. Balance
board training: prevention of traumatic injuries of the lower
extremities in female soccer players? A prospective randomized
intervention study. Knee Surg, Sports Traumatol, Arthrosc
2000;8:356-63.

21 AaltonenS,KarjalainenH,HeinonenA,Parkkari J,KujalaU.Prevention
of sports injuries. Systematic review of randomized controlled trials.
Arch Intern Med 2007;167:1585-92.

22 Löfgren O, Andersson N, Björnstig U, Lorentzon R. Incidence, nature
andcausesof floorball injuries.ScandJMedSciSports1994;4:211-4.

23 Wikström J, Andersson C. A prospective study of injuries in licensed
floorball players. Scand J Med Sci Sports 1997;7:38-42.

24 Pasanen K, Parkkari J, Kannus P, Rossi L, Palvanen M, Natri A, et al.
Injury risk in female floorball. A prospective one-season follow-up.
Scand J Med Sci Sports 2008;18:49-54.

25 Ekstrand J, Gillquist J. The avoidability of soccer injuries. Int J Sports
Med 1983;4:124-8.

Accepted: 5 June 2008

RESEARCH

BMJ | ONLINE FIRST | bmj.com page 7 of 7

 on 20 M
arch 2024 by guest. P

rotected by copyright.
http://w

w
w

.bm
j.com

/
B

M
J: first published as 10.1136/bm

j.a295 on 1 July 2008. D
ow

nloaded from
 

http://www.bmj.com/



