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ABSTRACT

Floorball has become a popular sport in Finlandnduthe past decade. The game is
associated with sudden accelerations, decelera@mistwisting turns, and thus it is
not surprising that lower limb injuries are commarfloorball. Studies from other
sports have reported that neuromuscular trainimgreduce injury risk in athletes.
However, no previous study has assessed posgbilior preventing floorball
injuries.

The purpose of this dissertation was to investiggidemiology of sports injuries
in female athletes, and examine whether a neuramarsavarm-up program,
designed to enhance body control and motor skiiés effective in preventing non-
contact lower extremity injuries in female floorbalayers.

First, the occurrence of cruciate ligament injuragdsthe knee among Finnish
adolescents and young adults was examined. Thé doteort of 46 472 was
followed for an average of nine years. The analy&s based on longitudinal data
of the Adolescent Health and Lifestyle Surveys didkto the National Hospital
Discharge Register and Cause-of-Death Statistics.

The results indicated that young people who pa@die in structured sports had a
clearly higher risk for cruciate ligament injuryath their less active counterparts. In
highest activity level, that is participatien4 times a week in organized sports, the
injury risk increased substantially in females (HE&; 95% CI 4.3 to 16.4) than
males (HR=4.0; 95% CI 2.7 to 6.1).

The following two studies investigated the epiddogy of floorball injuries in
female players. In the first of them, 374 licenpéayers from the three Finnish top
leagues were observed prospectively for one comeetseason (6-month). The
outcome variable was a floorball-related time-logsry. The practice and game
hours were recorded on an exercise diary and pifi@s were registered with a
structured questionnaire and verified by a phyasicia

During the floorball season, a total of 172 timedanjuries occurred in these 374
female players. Injury rate was strikingly higherfioorball games (40.3 injuries /
1000 game hours) than in practice (1.8 / 1000 itxgirhours). Most commonly
injured body sites were the knee (27%), ankle (2280) thigh (12%). 121 of the

injuries were acute and 51 were from overuse. Mbshe acute injuries involved



the ankle and knee (29% and 28%), and about hatute ankle and knee injuries
(59% and 46%) occurred in non-contact circumstances

The second epidemiological study on floorball ilgarexamined the interaction
between playing surface and injury risk. The dates Wwased on the previous study
including players from two top level leagues (n=B3lhe outcome variable was an
acute game-related time-loss injury. Information thie floor type (parquet or
artificial floor) at each game was given by therfish Floorball Association. This
study suggested that the risk for acute injury was-fold higher on artificial than
wooden floors (IRR=2.1; 95% CI 1.2 to 3.5). Moregube risk for non-contact and
severe injury was clearly increased on artificiaffaces.

Thereafter, an intervention study was constructebraing to the findings from
the previous three studies. This randomized cdettdtial assessed the effects of
neuromuscular warm-up program on injury risk of &enfloorball players. The
main outcome variable was an acute non-contaatyimilower extremity.

28 Finnish female floorball teams (n=457) partitgoh and stratified cluster
randomization to the intervention and control grovgs performed at each league
level (elite league, Sidivision, and 2 division). Teams in the intervention group
attended in a structured warm-up program that stexiof running technique,
balance, jumping, and strength exercises. Reshtizved that the neuromuscular
warm-up program reduced the injury risk consideral6% fewer non-contact
lower extremity injuries (IRR=0.34; 95% CI 0.20 @57) occurred in the
intervention group compared with the control group.

Related to the above noted intervention, the fetatly described the effects of
the warm-up program on muscle power, balance, spaddagility of the players.
Outcomes were the follow-up test results from fifteld tests: static jump,
countermovement jump, jumping over a bar, standim@ bar, and figure-of-eight
running. All players who participated in baselimadollow-up tests (n=222) were
included in the analyses. Results from this stutlysged that, in contrast to control
group, the intervention group improved significgngttatic balance and sideways
jumping speed.

Altogether, the findings of this dissertation irgtie that injuries to lower
extremities, especially those involving ankle anded joint in non-contact
circumstances, are common among female floorbalygrs. However, a

neuromuscular warm-up program designed to enhawterrskills and body control
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can clearly reduce the injury risk. Additionallipetwarm-up program improves the
players’ static balance and sideways jumping spkletice, neuromuscular warm-
up exercises can be recommended to be includeaeinveekly training of female

athletes who participate in pivoting and cuttinQrsg.

TIIVISTELMA

Viimeisen kymmenen vuoden aikana salibandyn hamaisien on lisdéantynyt
voimakkaasti Suomessa. Salibandy siséltdd nopekkedlle lahtoja, akillisia
jarrutuksia ja suunnanmuutoksia, joten ei ole tdN#4&, etta lajissa sattuu runsaasti
nilkka- ja polvivammoja. Muissa lajeissa tehdytkiotukset ovat osoittaneet, etta
hermolihasjarjestelman toimintaa kehittavilla hagksilla voidaan vahentaa
urheilijoiden vammariskia. Salibandyssa vammojeka&&ymahdollisuutta ei ole
aikaisemmin tutkittu.

Taman vaitoskirjan tavoitteena oli tutkia naisulij@den urheiluvammojen
epidemiologiaa ja selvittdd olisiko hermolihasjgrgdmaa  aktivoivan
alkuverryttelyohjelman avulla mahdollista vaheni&ian kontaktia tapahtuvien
alaraajavammojen riskia naisten salibandyssa.

Ensimmaisessd osatydssa selvitettin  polven mEi@mmojen yleisyytta
suomalaisten nuorten keskuudessa. Tutkimuksessaattiau 46 472 nuorta
keskimaarin  yhdeksdan  vuoden ajan.  Tutkimus  perustiNuorten
Terveystapatutkimuksen  aineistoon, joka  yhdistettii valtakunnalliseen
hoitoilmoitus- ja kuolinsyyrekisteriin.

Tutkimus osoitti, ettad ristisidevamman riski onvgedti korkeampi niilla nuorilla,
jotka osallistuvat aktiiviseen liikuntaan urheilusgssa. Korkeimmalla fyysisen
aktiivisuuden tasolla (osallistuminen 4 kertaa viikossa aktiiviseen liikuntaan
urheiluseurassa) naisten vammariski (HR=8.5; 95% IA3-16.4) kasvoi
huomattavasti enemman kuin miesten (HR=4.0; 95921 6.1).

Seuraavissa kahdessa osatydssa tutkittiin salivantyojen epidemiologiaa.
Yhden pelikauden mittaiseen (6 kk) seurantatutkiseek osallistui 374 salibandyn
kilpapelaajaa kolmelta ylimmalta sarjatasolta. R&fsmuuttujana tassa
tutkimuksessa oli salibandyn yhteydessa sattunoinva, joka aiheutti vahintaan

vuorokauden poissaolon urheiluharjoittelusta. Harg ja pelitunnit kerattiin



harjoituspaivakirjojen avulla. Salibandyn yhteydedsukkaantunut pelaaja taytti
vammalomakkeen ja lisaksi tutkimuslaakari haadiagtedaajan.

Tutkimukseen osallistuneille 374 pelaajalle satlfi2 vammaa sarjakauden
aikana. Vammojen ilmaantuvuus oli huomattavastik&ampi kilpapeleissa (40.3
vammaa / 1000 tuntia) kuin harjoituksissa (1.8 @@ @untia). Polvi (27%), nilkka
(22%) ja reisi (12%) olivat yleisimmin loukkaant@tekehon osat. Vammoista 121
syntyi akillisesti ja 51 oli luonteeltaan rasituswaoja. Suurin osa akillisista
vammoista kohdistui polveen ja nilkkaan (29% ja 28 noin puolet naista
akillisista polven ja nilkan vammoista (46% ja 59%pahtui ilman kontaktia
toiseen pelaajaan.

Toisessa salibandyvammojen epidemiologiaa seld#s& tutkimuksessa
analysoitiin pelialustan pintamateriaalin vaikugusammariskiin. Aineisto perustui
edelliseen tutkimukseen ja analyyseissa olivat malg@elaajat kahdelta ylimmalta
sarjatasolta (n=331). P&atulosmuuttujana oli satlga kilpapelissd sattunut
akillinen vamma, joka aiheutti vahintddn vuorokaude poissaolon
urheiluharjoittelusta.

Tiedot pelialustan materiaalista (synteettinen pakettialusta) saatiin Suomen
Salibandyliitosta. Tutkimuksen pdaatulos osoitttaesynteettisella alustalla sattui
kaksi kertaa enemman &killisia vammoja verrattusukettialustaan (IRR=2.1; 95%
LV 1.2-3.5). Liséksi ilman kontaktia sattuvien jakavien vammojen riski oli
selvasti korkeampi synteettisella alustalla.

Edellisten kolmen tutkimuksen pohjalta suunnitelithden pelikauden mittainen
interventiotutkimus, joka selvitti hermolihasjatelsnan toimintaa aktivoivan
alkuverryttelyohjelman vaikutusta naispuolistentsaidyn pelaajien vammariskiin.
Paavastemuuttujana oli akillinen ilman kontaktitiisea alaraajavamma.

Tutkimukseen osallistui 28 naisten salibandyjouktaue (n=457), jotka
satunnaistettiin harjoitus- ja kontrolliryhmaanesit ettda molempiin ryhmiin tuli
saman verran joukkueita eri sarjatasoilta (SM-Jiigadivisioona, 2.divisioona).
Harjoitusryhman joukkueet osallistuivat alkuvereyyinterventioon, joka sisalsi
juoksutekniikka-, tasapaino-, hyppely- ja lihasvalmarjoituksia. Tulokset
osoittivat, etta alkuverryttelyohjelma vahensi vaopen riskid huomattavasti. lIman
kontaktia sattuvia alaraajavammoja ilmaantui haugsyhmassa 66% vahemman
kuin kontrolliryhméassa (IRR=0.34; 95% LV 0.20-0.57)
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Vaitoskirjan viimeisessa osatydssa tutkittiin e@lefiainitun alkuverryttelyohjelman
vaikutuksia pelaajien rgjahtavaan voimaan, tasapainnopeuteen ja ketteryyteen.
Paatulosmuuttujina  olivat lopputestien tulokset: aastinen hyppy,
esikevennyshyppy, edestakaisin hyppely, palkillasrinen ja kahdeksikkojuoksu.
Pelaajat (n=222), jotka osallistuivat seka alku- Iggputesteihin sisallytettiin
analyyseihin. Tutkimus osoitti, etté harjoitusryhmgelaajien staattinen tasapaino ja
jalkojen liikenopeus paranivat merkitsevasti enemmiguin kontrolliryhman
pelaajien vastaavat arvot.

Taman vaitostutkimuksen tulokset osoittavat, ettlraajavammat ovat
naisurheilijoilla varsin yleisia. Naisten salibasd§ korostuvat erityisesti ilman
kontaktia sattuvat polvi- ja nilkkavammat. Hermalgjérjestelman toimintaa
aktivoivilla seka liiketaitoja ja kehon hallintaaelkittavilla harjoitteilla naita
vammoja voidaan kuitenkin vahentdaa huomattavasisaksi ndma harjoitteet
kehittavat pelaajan staattista tasapainoa sek@jgakliikenopeutta. Sdanndllinen
liketaitoja ja kehon hallintaa kehittava harjoitteulisikin sisaltya naisurheilijoiden

viikoittaiseen harjoitteluun.
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1. INTRODUCTION

Sports activities are considered to be benefiodldalth. Positive effects of regular
physical activity on risk factors of chronic disess such as respiratory and
circulatory diseases and metabolic and musculostealesorders, are well described
(Berlin and Colditz 1990, Helmrich et al. 1991, dtai et al. 1994, Pate et al. 1995,
Kujala et al. 1998). On the other hand, participgin sports can also be dangerous
by increasing the risk of acute and overuse inguffearkkari et al. 2004). Thus,
encouragement of people to physical activity shquddallel with efforts to make
sports participation safe.

Number of sports injuries has increased considgnabFinland during the past
decades (Heiskanen et al. 2004, Tiirikainen e2@08), and today, sports injuries
are the most common injury type in our country rik@inen and Lounamaa 2007).
In 1980 there occurred 210 000 sports injuries amb-74-year old Finnish
population, in 1993 the number of injuries was 288, and in 2003 the number
expanded to 338 000 (Heiskanen et al. 2004). Ir6 26@re were 278 000 sports
injuries in Finland (Tiirikainen and Lounamaa 200VIpst of the injuries were mild
(78 %) causing a significant complaint no longearttone week, yet some of the
injuries (2 %) led to hospitalization (Tiirikaineand Lounamaa 2007). Luthje and
colleagues (2009) did a community-level study owortpinjuries treated in an
emergency department in Kuusankoski Regional Halsgtinland. A total of 4 844
unintentional injuries took place during the 24-ritoperiod, and 414 (8.5%) of all
injuries were sports-related. Sixty patients withsports-related injury needed
treatment as in-patients (LUthje et al. 2009). @édier, these numbers indicate
sports injuries are a true problem in Finland.

Floorball is currently the third largest team sparfFinland after soccer and ice
hockey: about 223 000 adult and 131 000 young atioreal players play floorball
as a leisure activity (National exercise survey G&)ONational exercise survey
2006b). The number of licensed competitive playiarsMarch 2009 was over
42 400, of which the proportion of women was 64Q@ppla 2009). Previous

13



floorball injury studies have shown that this sparften results in injuries, the knee
and ankle being the most common injury sites (Léfget al. 1994; Wikstrom and
Andersson 1997, Snellman et al. 2001).

Several studies have shown that female athletedviimg in running, jumping
and cutting activities have a higher rate of ligammjuries than corresponding
male athletes, particularly knee and ankle ligampjuries (Zelisko et al. 1982,
Arendt and Dick 1995, Hewett et al. 1999, Messinale1999, Gwinn et al. 2000,
Agel et al. 2005, Deitch et al. 2006). Fortunatslyme studies have shown that it is
possible to reduce the risk of sports injuries pgcHic training programs, which
have typically consisted of agility, balance, plygincs and strength components
(Hewett et al. 1999; Wedderkopp et al. 1999; Heidal. 2000; Olsen et al. 2005,
Mandelbaum et al. 2005; Soligard et al. 2008). €hesgining programs have been
designed to enhance players’ body control and mekilis for sports-specific rapid
movements, thereby reducing the injury risk (Wojgtsal. 1996a; Hewett et al.
1996; Chimera et al. 2004; Emery et al. 2005).

However, before developing and initiating a prewxentneasure or program for
injuries in specific sports, the epidemiology antiolegy of sports injuries,
including incidence, severity, mechanisms and fetors, need to be identified
(van Mechelen et al. 1992).

In this thesis all these steps in the sequencepofts injury prevention are
followed to finally examine the effect of neuromukss training on injury incidence

of Finnish female floorball players.
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2. REVIEW OF THE LITERATURE

2.1 Floorball

Floorball is a fast and intensive team sport tegtlayed on a court (20 m x 40 m)
surrounded by a low 50 cm high plastic board wabnded corners. The playing
surface can consist of wood (parquet) or artifici@terials (plastic covering).
Floorball goals are 160 cm (w) x 115 cm (h) x 60 @hin size (Finnish Floorball
Association 2007). Each of the opposing teams stssisually up to 20 players,
and six of the players are on the court at the same three forward players, two
defensive players, and a goalkeeper.

Goalkeepers wear a helmet and mask, a long-slegoatkeeper’s shirt, long
pants, knee paddings, and shoes. Goalkeepers plstyynon their knees and block
the ball with their hands and body. Field playemawshort-sleeved shirt, shorts,
knee-high socks, and indoor shoes. Field playezsguephite compound sticks (80-
110cm). The ball (@ 72 mm) is made of plastic amd B6 holes in it (Finnish
Floorball Association 2007).

Standard game length is 3 x 20 min with two 10 mtermissions. Substitutions
are permitted at any time during the course ofgame. On average field players
perform for 20 minutes of 60 minutes game. A typiglay interval on the court
lasts 20-120 seconds and is repeated 14-27 timesgame (Hokka 2001). The
game can be characterized by interval runningfier@int directions, sudden speed-
ups, stops and turns, and under these quick-maitogtions field players need to
handle stick and ball: i.e. running with the baliptecting the ball, passing the ball,
receiving the pass, faking and shooting.

15



2.2 Epidemiological aspects of sports injuries

2.2.1 Occurrence and severity

Sports injuries are continuously increasing hepttbblem in Finland (Kujala et al.
1995, Parkkari et al. 2004). Annual number of spagtated injuries is over 330 000
(Heiskanen et al. 2004). Parkkari et al. (2004)est\gated injury risk in various
sports and activities in Finnish population (agédth 74 years) in a one-year
prospective cohort study. According to the absolatember of injuries in
recreational and competitive sports, recreatioralking had the largest number of
injuries. But when assessing the number of injupiess1000 hours of participation,
the injury incidence was highest in squash, orienirtg, and contact and team sports
(Table 1).

Table 1. Participation of the representative Finnish population cohort (n=3055) to
recreational and competitive sports, and absolute number of their sports injuries
during a one-year follow-up period and injury incidence per 1000 hours of
participation (adapted from Parkkari et al. 2004)

Sports No of respondentsNo of injuries Injuries / 1000 hrs
Squash 27 17 18.3
Judo 11 15 16.3
Orienteering 20 5 13.6
Rinkball 41 22 11.5
Floorball 249 139 10.9
Wrestling 8 5 9.1
Basketball 59 30 9.1
Soccer 191 85 7.8
Ice hockey 82 55 7.5
Volleyball 123 55 7.0
Karate 18 11 6.7
Finnish baseball 58 20 6.6
In-line skating 262 50 5.0
Tennis 85 16 4.7
Badminton 180 25 4.6
Motor sports 35 9 4.5
Downhill skiing 187 36 4.1
Track and field sports 22 7 3.8
Equestrian sports 64 35 3.7
Running 747 92 3.6
Skating 115 9 3.3
Aerobics, gymnastics 622 75 3.1
Gym training 514 96 3.1
Cycling 1570 98 2.0
Pole walking 346 19 1.7
Crosscountry skiing 759 51 1.7
Rowing 77 4 15
Walking 2431 218 1.2
Swimming 1103 26 1.0
Dancing 1790 42 0.7
Golf 57 2 0.3
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These statistics indicate that the absolute numdbiesports injuries might give an
incorrect estimate of the actual injury risk. THere, the exposure of athletes needs
to be taken into account to assess the injury @mad and risk in a given sports. The
most accurate exposure record is based on exacidudl exposure time separating
the training and competition hours from each otftkr Loes 1997, Fuller et al.
2006).

Incidence and severity of injuries varies betweteiliss because of the different
injury definitions and classifications, and varyistudy designs and methods. In
general, a sports injury is defined as a physieahage occurring during sporting
activities (LUthje et al. 1996, Fuller et al. 200@cobson and Tegner 2007). Sports
injuries can be separated in acute and overusddgjuan acute injury is an injury
with sudden trauma (Jacobson and Tegner 2007),eakexn overuse injury can be
described as a pain syndrome of the musculoskesststem, where symptoms
appear during sporting activities at previously pyom-free body part (Orava
1980).

The most prevalent definition of injury is based tme-loss from sports
participation (Ekstrand and Gillquist 1983a, Wikstr and Andersson 1997,
Jacobson and Tegner 2007). In some studies, asspquty is defined as an injury
occurring during sports and causing a significaorhplaint to the subject, but not
necessarily time-loss from the sports in questRegia et al. 1993, Snellman et al.
2001, Parkkari et al. 2004). In some other studiles, definition is confined to
injuries treated at a hospital or other medicallitgg(DeHaven and Lintner 1986,
Ferretti et al. 1992, Lofgren et al. 1994).

Injury severity is usually described according be tength of time-loss from
sports participation (Ekstrand and Gillquist 198Bhller et al. 2006, Jacobson and
Tegner 2007). However, severity of injuries carodle based on other criteria: i.e.
nature of sports injury, duration and nature ofatimeent, time-loss from work,
permanent damage, or costs of injury (van Mechdl@a7, Requa and Garrick
1996).
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2.2.1.1 Incidence and severity of floorball injuries

Only few previous studies have investigated epidérgy of floorball injuries.
Léfgren and colleagues (1994) analyzed Swedisheptaywho came to the first aid
station during 1990 and 1991. A total of 206 fladrhinjuries were registered
during the two years. 28 of these occurred in gagngsg an approximate injury
incidence of 2.4 per 1000 game hours.

Wikstrom and Andersson (1997) investigated pro$pelgtthe risk of acute and
overuse injuries among Swedish floorball players4gv) during one season from
September 1993 to March 1994. During the studyopeplayers sustained 58
injuries and the total injury rate was 2.5 per 1@&ning and game hours for
female players, and 2.6 for male players.

Snellman and others (2001) examined, in turn, nicelence, nature, causes and
severity of floorball injuries among Finnish plaggin=295) during the 12-month
period from June 1997 to May 1998. Players sustialr®® injuries during the study
period. The injury rate was very low during praet{@.0 per 1000 training hours for
both sexes), but quite high in games (15.9 per Ha®0e hours for females and 23.7
for males).

Severity of floorball injuries was classified infférent ways in the above noted
three studies. Lofgren et al. (1994) analysed nihged floorball players who came
to the first aid station. Severity of injuries waategorized by the Abbreviated
Injury Scale (AIS) (International Injury Scaling @mittee 1990) including the
most severe cases only. 79% of injuries were m{ad® 1, such as fracture of a
finger or sprain of the ankle) and 21% were mode(AlS 2, such as rupture of
ACL of the knee or rupture of the Achilles tendon).

Wikstrom and Andersson (1997) found that 36% of itljeries were minor
(time-loss 1-7 days), 29% were moderate (8-30 days) 35% were severe (>30
days). In Snellman et al's study (2001), the seyesf injury was classified into
four levels according to Requa et al. (1993). 1®®4njuries caused a subjective
symptom or pain (Level 1), 40% of injuries resulted modifying intensity or
duration of sports activities (Level 1), 24% cadsa missing from training or game
at least once (Level Ill), and 23% caused a misBmg work or study at least one
day (Level IV).
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2.2.1.2 Ankleand kneeligament injuriesin sports

Ankle sprain is one of the most common sports-eelabjuries worldwide (Yeung
et al. 1994, MacAuley 1999, Fong et al. 2007, Nelebal. 2007), and incidence of
ankle sprains is especially high in team sportwhich players frequently jump and
land or make rapid cutting maneuvers (Lanese e1380, Bahr and Bahr 1997,
Hickey et al. 1997, Wedderkopp et al. 1997, Murta2§01, Hinton et al. 2005,
Ramirez et al. 2006, Langevoort et al. 2007, Shaekal. 2007, Kofotolis et al.
2007, Junge and Dvorak 2007). Ankle sprains aea@smon in floorball: 20-35%
of all acute floorball injuries involve ankle ligamts (Wikstrom and Andersson
1997, Snellman et al. 2001).

Another commonly injured site in sports activitisshe knee joint (DeHaven and
Lintner 1986, Lanese et al. 1990, Requa et al. 1R@thje et al. 1996, Messina et
al. 1999, Hinton et al. 2005, Hagglund et al. 2Déitch et al. 2006, Ramirez et al.
2006). Especially, severe knee joint injuries arpr@ablem in sports (Arendt and
Dick 1995, Myklebust et al. 1998, Agel et al. 208%adley et al. 2008, Rochcongar
et al. 2009). These injuries cause a long absaooe $ports, are costly (Cumps et
al. 2008, Gianotti et al. 2008), and increase ré&afdy the risk for posttraumatic
degenerative joint disease (Deacon et al. 199%&dmet al. 1999, Myklebust et al.
2003, Thelin et al. 2006, Lohmander et al. 2007).

Like ankle sprains, knee injuries are especiajgfient in pivoting and cutting
sports (Ekstrand and Gillqvist 1982, Wedderkopple1997, Natri et al. 1999, Giza
et al. 2005, Hinton et al. 2005, Ramirez et al.&®hankar et al. 2007, Borowski et
al. 2008, Rochcongar et al. 2009), and floorbalbie of these high risk sports
including repeated accelerations, decelerationstamsting turns. In the study of
Snellman et al. (2001) the knee was the most fretpuénjured site (22% of all
injuries) among Finnish floorball players.

2.2.2 Injury mechanisms

Acute injury may result via contact or non-contastchanism. The non-contact
injury is an injury that occurs in absence of cohtaith another person or object.
This information about injury circumstances is e@evant as precise biomechanical

description of the injury mechanism.
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For example, in biomechanical terms a knee injarfjdorball could be described as
a result of excessive valgus moment at footstiik@wever, the true cause for this
injury may have arisen from a contact situatiorhvéhother player or object, such
as tackle, tripping, stepping on a blade or a BEius, the exact chain of events
resulting in injury must be clarified for understiamg the causes of any particular
injury. Based on this exact information, it is thpassible to choose and initiate

appropriate methods for injury prevention.

2.2.2.1 Mechanismsof knee ligament injuries

The knee consists of the tibiofemoral and patetiafeal joints. The ligamentous
structures of the knee provide static stabilizatiorthe knee joint, control normal
joint kinetics, and prevent joint displacement aaghormal rotations that may
damage articular structures (Beynnon and Johns08)2Bnee ligament injuries are
common in pivoting and cutting sports, where thmtjecapsule, ligaments and
meniscus are vulnerable to injury by sudden ancefat sports maneuvers.

One of the most common ligamentous knee injurigsdt rupture (Boden et al.
2000, D’Amato and Bach 2003). Most ACL injuries amen-contact injuries
sustained at foot strike with knee close to fulltemsion during a sudden
deceleration prior to changing direction or landmgneuver (Ireland 1999, Boden
et al. 2000, Krosshaug et al. 2007). The major rdmutbr to ACL loading during
these maneuvers is the anterior tension force atktiee joint, while the knee
valgus, varus or internal rotation, as well asgdtieng quadriceps contraction, small
knee flexion angle or ground reaction force mayeaase hazardously the loading
(Yu and Garrett 2007).

Olsen and colleagues (2004) describe two main nmesing for ACL injury: the
most common mechanism occur at plant-and-cut momemath an excessive
valgus and external or internal rotation with exiesh knee. The other mechanism is
a one-legged landing with above noted knee valgotation and extension
movements. Ireland (1999) termed these injuriotisaBons as ‘a position of no
return’ intending that at the moment of injury theuscle groups that normally

control the lower limb alignment have shut downcéwingly, knee valgus motion

20



is often a result of uncontrolled trunk, pelvis dng position at cutting or landing
moment.

The recent study of Boden et al. (2009) suggest dhahe moment of ACL
rupture subjects show a more flatfooted landingraode hip flexion than uninjured
controls during similar maneuver. These ankle-eeldindings may indicate that the
inadequate calf muscle activation results to tleaigr ground reaction force, which
affects directly the knee.

The PCL provides a restraint to posterior transfaind external rotation of the
tibia. Tension of PCL increases with knee flexiord aherefore this ligament is
most often injured by a blow to the front tibiatbé flexed knee. Another common
mechanism for this injury is forced hyperflexiontoe knee, for example when an
athlete falls on a flexed knee with the foot inmpéa flexion. (Giffin et al. 2003.)

Main functions of meniscus are shock absorption larek stabilization, and the
load on meniscus increases with the knee flexioglealuring weight-bearing.
Typical injury situations in sports are sudden gim direction, forceful squatting,
or excessive twisting, valgus, varus or hyperextentrces to the knee. Injuries to
meniscus are often combined with ACL injuries: lateneniscal tears occur mostly
with acute ACL ruptures and medial meniscal ingireecur mostly with chronic
ACL insufficiency. (Urquhart et al. 2003.)

The medial and posterolateral ligamentous strustwe the knee are also
important for knee joint stability. The main furani of the medial collateral
ligament is to provide restraint to valgus and exeérotation of the tibia. Medial
ligament sprains can occur by non-contact valgustational mechanism in cutting
situation or a direct blow to the lateral side bé tknee. Minor sprains of these
structures can occur alone, whereas more sevetgies|seem to appear as
concurrent ACL injuries. (Indelicato and Linton 200

The lateral collateral ligament and other posteenéd structures of the knee joint
resist varus loads, external tibial rotation andtenor tibial translation near full
knee extension. Injuries of this complex can refuwin excessive varus forces,
external tibial rotation or hyperextension, and stheinjuries are mainly in
combination with ACL or PCL ruptures. (Larson anddgstad 2003.)

A key component of the knee extension is the ptgthoral joint which consists
of the patella that articulates with the femur. aella is a multifaceted and flat

sesamoid bone inside the complex of quadricepspatellar tendons (the extensor
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tendons of the knee). In a normal knee, the pattillies smoothly over the femoral
groove stabilizing and redirecting the quadricepscd as the knee is flexed. In
addition, the patella magnifies the extension fdrgeransmitting quadriceps force
to the patellar tendon. In other words, the quaghscmuscle group uses the patella
as a fulcrum during extension producing comprespatellofemoral joint reaction
force on the articular cartilage. (Beynnon and 302003, Cone 2003.)

Static stabilizers of patella consist of analogbgamentous structures on both
lateral and medial side. Especially the medial igatous structures, including
medial patellofemoral, medial patellomeniscal anedral patellotibial ligaments,
are significant restraints to incorrect laterahsiation of the patella. The typical
mechanism of patellar dislocation is a twisting imotof a flexed and internally
rotated knee on a fixed foot. As an end resultelgais pulled laterally out of the
groove causing ruptures on the ligamentous strestof the medial side. (Cone
2003, Diehl and Garrett 2003.)

2.2.2.2 Mechanismsof ankle ligament injuries

The ligaments of the ankle are usually dividedhe following parts: the lateral
ankle complex, the medial (deltoid) ankle complard the tibiofibular ligaments
(ligaments of the syndesmosis) (Renstrom and Kaaad 997, Smith and Gilley
2003). These structures form the static stabibranf the ankle joint, while the
active stability depends on muscular function. Ankigaments are frequently
injured during sports and recreational activitiasd these injuries can be divided
into lateral ankle sprain, medial ankle sprain, lankyndesmosis sprain, and
dislocation of the ankle without fracture (Casilz3903).

The most commonly injured site of ankle and foomptex are the lateral
ligaments (Renstrom and Konradsen 1997). The thioedar collateral ligaments,
the anterior talofibular ligament (ATFL), the catemfibular ligament (CFL), and
the posterior talofibular ligament (PTFL), are gatlg known as the lateral
ligaments (Smith and Gilley 2003). The ATFL is colesed the weakest and most
frequently injured ligament of the ankle (Casilz93, Smith and Gilley 2003).

The most common mechanism causing lateral anklairsps a touchdown

situation where ankle is inverted, plantarflexedd asupinated (Renstrom and
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Konradsen 1997). This sudden and forceful inversiay be caused by extrinsic
factor, such as bumpy surface or stepping on gpheyers’ foot, but frequently
these injuries occur in hon-contact circumstanses gesult of poor control of ankle
and foot. Incorrect foot position at touchdown niseya result of joint instability,
poor position sense, or altered muscle activatiecabse of previous ankle sprain
(Delahunt et al. 2006, Delahunt et al. 2007, Vanrbet al. 2007).

The medial ligaments of ankle, or the deltoid ligenin complex, are less
commonly torn than the lateral ones. The medialeasgrain is commonly caused
by excessive eversion or twisting movement (CasR@03, Smith and Gilley 2003).
The forceful eversion can be caused by extern&bifasuch as irregular surface, and

twisting force may be a result of high friction Wween the shoe and surface.

2.2.3 Risk factors

2231 General risk factorsfor sportsinjuries

Sports injuries result from a complex interactidmuultiple risk factors and events
(Figure 1). Risk factors are traditionally dividedo two main categories: extrinsic
and intrinsic risk factors (Lysens et al. 1984,rmeala et al. 1990, van Mechelen
1992, Meeuwisse 1994, Bahr and Holme 2003) (Taple 2

Extrinsic risk factors relate to environmental ahtes such as the level of play,
exercise load, position played, field conditionsd &quipment. Intrinsic risk factors
relate to the individual characteristics of a sabjguch as age, gender, previous
injury, anthropometrics, neuromuscular performanaesd alignment. The final
element in the chain of causation is an incitingrey such as tackle or failed

landing, at the onset of injury (Meeuwisse 1994).
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Figure 1. A multifactorial model of sports injury etiology (adapted from Meeuwisse
1994)

Table 2. Extrinsic and intrinsic risk factors for sports injuries (adapted from van
Mechelen 1992)

Extrinsicrisk factors Intrinsicrisk factors
Type of sports Age
- Type, amount, frequency and Gender
intensity of physical loading Height
- Rules Weight
Nature of event Body fat
- Competition or practice Joint stability / mobility
- Level of competition Previous injury
Exposure time Anatomic abnormalities
Human factors Physical fithess
- Role of opponents, team mates, - Aerobic endurance
coaches and referees - Muscle strength, tightness,
Type of surface weakness
Lightning - Speed, reaction time
Weather conditions - Motor abilities, sporting skills,
Time of season coordination
Sporting tools - Flexibility
- Stick, ball Psychological profile
Protective equipment - Personality
Other equipment - Self-concept
- Shoes, clothning - Risk acceptance

- Stress coping
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Type of sport

Nature of sport has a strong influence on injusik (Backx et al. 1989, Mihata et al.
2006). Moreover, the risk of injury may differ witha certain sport resulting from
different playing positions (Faude et al. 2006)eTihjury rate increases with the
intensity of the activity (Requa et al. 1993, Pankket al. 2004) and with the
frequency of contacts during the sports (Backx letl@91, van Mechelen et al.
1996).

External loading of the joints of the lower extréms considerably larger during
sidestepping and crossover maneuvers comparedhatthal running (Besier et al.
2001), and therefore, the risk of ligament injurieigher in cutting and pivoting
sports. In team sports the injury incidence is &rgtduring games than practice
(Backx et al. 1989, Engstrom et al. 1991, Kujalaletl995, van Mechelen et al.
1996, Messina et al. 1999, Snellman et al. 200Tp\Bski et al. 2008), though

players spend far more time in training than games.

Shoe-surface interface

Shoe-surface interaction has been implicated askafactor for sports injury. In
sports, adequate friction properties are neededafaid slipping and slipping
related injuries. Optimal ranges of friction permnéthletes shoe to grip a surface
better, and furthermore this makes movements faSterthe other hand, if friction
between shoe and playing surface is excessiveciefigein sports with high
impacts and fast and twisting turns, overload intppmay increase the risk of acute
and overuse injuries (Nigg and Segesser 1988, &ldmnd Nigg 1989, Heidt et al.
1996, Livesay et al. 2006, Villwock et al. 2009).

Powell and Schootman (1992) showed that amongfetittball players incidence
of knee ligament injuries was higher on artificiatf compared to natural grass.
Likewise, Arnason et al. (1996) found increasedmnjncidence on artificial turf in
elite soccer players. Myklebust and colleagues 7L 8% estigated the incidence of
ACL injuries among male and female handball playarsl suggested that 55% of
those injuries were friction related. In the stwdyOlsen and others (2003) the ACL

injury rate was higher on artificial floor than evooden floor in female handball
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players, but in male players there were no diffeesnn injury rates between these
two different surfaces.

It is also speculated that frequent use of hartheas may produce sports injuries
(Nigg and Segesser 1988, Ekstrand and Nigg 1988h thpact forces, which are
related to the hardness of surface, can causeoaekedn human collagen tissues
such as bone, cartilage, ligament and tendon. Titieat limit for overloading is
tissue-and subject-specific, but if a single exisessnpact force or repeated sub-
intense impact force exceed the limit, tissue danmagy occur (Ekstrand and Nigg
1989).

Age

Age is also a risk factor for sports injuries, padue to increased frequency and
intensity within training and competitions in adathletes compared to adolescents.
Backous and colleagues (1988) investigated occcereri soccer injuries among
young players (aged 6-17 years), and they founditiiary risk doubled after age
14. In the study of Stevenson et al. (2000), theyrisk was higher among athletes
aged 26-30 compared to younger and older athl&askkari and others (2004)
founded that injury incidence per exposure time \Wwagest in 15-24-year-old
recreational and competitive athletes, and aftat ithdecreased in both sexes. In a
recent study of sports injuries treated in Finrliskpital emergency department, the
median age of injured patients was 25 years, ardirjury rates were highest

between ages 10 and 19 years (Luthje et al. 2009).

Gender

Sex does not seem to be an important risk factoalfaype of injuries, but when
considering injuries in lower extremities, espdgithee and ankle injuries, female
athletes seem to have a higher risk in certaintsp@irls and boys have an equal
number of ligament injuries during childhood, botmediately after growth spurt
injury rate increases clearly among girls (Tursd @nost 1986).

Several studies have found that female athletes, pdmticipate in the pivoting

and cutting sports, have a higher risk for ankleaisis (Zelisko et al. 1982,
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Wikstrom and Andersson 1997, Beynnon et al. 20@bio) knee injuries (Zelisko et
al. 1982, Arendt and Dick 1995, Hewett et al. 199@ssina et al. 1999, Gwinn et
al. 2000, Agel et al. 2005, Deitch et al. 2006)ntltld males participating in the
same sports. Especially the risk of ACL injuriesyidi&bust et al. 1998, Arendt et
al. 1999, Agel et al 2005), meniscus or cartilaggrs (Arendt and Dick 1995) and
patellofemoral disorders (DeHaven and Lintner 1986endt and Dick 1995,
Arendt and Griffin 2000) is significantly higher fiemales than males in similar
sports and training level.

The reasons for increased risk of ligament injuny female athletes are
multifactorial, the most common explanations inahgdanatomical, hormonal and
neuromuscular factors (Hutchinson and Ireland 19%&rmon and Ireland 2000,
Hewett 2000, Henry and Kaeding 2001, Ireland 2088wett et al. 2004). Sex
hormones-related increase in ligament laxity andtjoseness, as well as the
neuromuscular factors, such as decreased coomhnatid muscle activation, may

partly explain the increased occurrence of liganmgnties in females.

Physical condition and motor abilities

Fitness level and motor abilities have been sugdesd be notable factors
influencing in sports injury risk (Haycock and @itie 1976). It is a well-known fact
that aerobic fithess level contribute to the ridkimury, since fatigue reduces
coordination and dynamic muscle control (Wojtysletl996b, Chappell et al. 2005,
Thorlund et al. 2008). Some studies have also shinancertain training related
neuromuscular deficiencies, such as lack of sttengelayed muscle firing,
defective muscle activation order, and muscle iluhas, associate with injury risk
(Ekstrand and Gillquist 1983a, Baumhauer et al.5198ewett et al. 1999,
Soderman et al 2001, Nadler et al. 2002, Leetah 2004, Zazulak et al. 2007).

Those above noted neuromuscular limitations haveliract influence on
neuromuscular control during sports maneuvers.rtecotechnique and inabilities
to control the position and motion of the body imegrated sports activities are
associated with increased risk of acute and ovearnysgy (Ireland 2002, Hewett et
al. 2005, Kibler et al. 2006, Souza and Powers 2009
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A failure of motor control may be due to variousttas, for example joint

instability, previous injury, inadequate trainingndapoor condition, as well as
deficiencies in nutrition and fluid intake. Ther® strong evidence that previous
injury, particularly when followed by inadequatehadilitation, may lead to

neuromuscular deficiencies and incur an athletantancreased risk for re-injury
(Ekstrand and Gillquist 1983b, Lysens et al. 1984grom et al. 1991, Requa et al.
1993, Surve et al. 1994, Bahr and Bahr 1997, Mc&agl. 2001, Hagglund et al.
2006). In the same way, humerous studies have @rthat dehydration and sweat
loss decrease sports performance, induce fatigdeiramiease the risk of sports
injury (Bergeron 2003, von Duvillard et al. 2004).

2.2.3.2 Riskfactorsfor kneeligament injuries

The knee joint is the largest and most complextjoina kinetic chain, and other
anatomical sites, including the trunk, hip and ankhay contribute to knee injury
(Ireland 2002, Trimble et al. 2002, Zazulak et 2007). In other words, the
mechanical alignment of the knee itself (Kujalaaket1987) or other parts of lower
extremity and trunk influences to the function atability of the knee joint.

Several studies have suggested that anatomiceahticans, such as increased
anterior pelvic tilt, greater genu recurvatum (hgxéensibility of the knee joint),
increased femoral anteversion (the femoral neckeamed forward, that causes
internal rotation of the femur), and greater quagps (Q) angle, may be partly
associated with knee injury (Bonci 1999, Reiderlet2003, McKeon and Hertel
2009).

Small anterior pelvic tilt is normal, but excessigee can lead to postural
dysfunction. As the pelvis is positioned forwardlatownward, the lordosis of the
low back increases and the femurs (thigh bonegjagahward, causing an increased
stress on the knee joints.

The Q angle is formed between two lines: one froer@or superior iliac spine
through the center of the patella, and a secomd fre tibial tuberosity through the
center of the patella (Calmbach and Hutchens 2083)abnormally large Q-angle
can lead to knee problems, such as patellofemaial. pWomen have a relatively

wider pelvis than men that could increase signifigathe Q angle in some subjects
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(Woodland and Francis 1992). Shambaugh et al. (188ind that the mean Q
angles of basketball players sustaining knee iegu(iL4’) were significantly larger
than mean Q angles for the uninjured players (10°).

The substantial factor in knee ligament injuriesrse to be the position of the
lower extremity during the injury. The excessivgde of static and dynamic knee
valgus has been viewed as hazardous for knee liggamgarticularly for the ACL
(Ford et al. 2003, Olsen et al. 2004, Ford et@D52 Hewett et al. 2005).

Some studies suggest that excessive foot pronatiay influence to the
incidence of knee injury by increasing internaidilrotation (Woodford-Rogers et
al. 1994, Bonci 1999, Allen and Glasoe 2000). Uhakcet al. (2003) suggest that
increased BMI is associated with knee injury. Alg® difference in total volume
and geometry of ACL, as well as small size of teendral notch may have a
contribution to ACL injury risk (Souryal and Freem&993, Shelbourne et al. 1998,
Uhorchak et al. 2003, Chaudhari et al. 2009).

Female hormones have an important role in the atigul of collagen synthesis
and degradation (Dubey et al. 1998, Yu et al. 19B@creased ligament strength
due to cyclic changes in sex hormones could ben&ibator to ligament injury risk
(Mdoller Nielsen and Hammar 1991, Wojtys et al. 1988ndt et al. 1999, Wojtys
et al. 2002, Beynnon et al. 2006, Park et al. 200@) the findings from different
studies have been contradictory: the phase of thestrual cycle where ligament
laxity and injury rate increases diverse betweenstiudies (Zazulak et al. 2006).

The general joint laxity is larger in females comggato males (Beynnon et al.
2005a). Joint laxity affects both hyperextension amalgus motion of the knee,
which can strain the ACL (Uhorchak et al. 2003, ldd&wet al. 2005, Myer et al.
2008). Also, increased hamstring flexibility may partially involved for the
decreased dynamic control of the knee in femalketath (Huston and Wojtys 1996,
Boden et al. 2000).

Overall, the neuromuscular control seems to bertbst important factor to the
knee ligament injury risk. Deficits in propriocemi, strength, and timing of muscle
activation (Kennedy et al. 1982, Schultz et al.4,38ewett et al. 1996, Huston and
Woijtys 1996, Rozzi et al. 1999, Ford et al. 200gLkhan et al 2004, Pflum et al.
2004, Hewett et al. 2005, Zazulak et al. 2005,ydima et al. 2009) are proved to be
related to altered movement patterns, altered aabiv patterns and inadequate

muscle stiffness during sports maneuvers. Howenarromuscular imbalances, due
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to previous injury, immobilization, deficient trany, developmental differences or
hormonal influences, are alterable by using specrieuromuscular training
regularly.

Hewett and co-workers (2001) have presented thatetlexist three main
neuromuscular imbalances in female athletes presiisg to knee injury: ligament
dominance, quadriceps dominance and leg domin&mngament dominance means
that an athlete allows the knee ligaments to abdwlground reaction force during
sports maneuvers — in other words, she controlkiiee joint by ligaments rather
than by lower extremity musculature.

With quadriceps dominance a female athlete tends to first activate her knee
extensor muscles over knee flexor muscles durigh force situations. Hewett et
al. (1996) reported that hamstring activity waseéifold higher in male athletes
compared to female athletes. This deficit of musicab-contraction limits directly
the potential to protect knee ligaments.

Leg dominance is the imbalance between opposite extremitiese-Rieside
differences in strength, flexibility and coordirati have been proven to be
important risk factors for knee injury (Knapik et 4991, Hewett et al. 1996,
Hewett et al. 1999).

2.2.3.3 Riskfactorsfor ankleligament injuries

The leading risk factor for ankle sprain is a poes ligament injury involving the

same ankle (Milgrom et al. 1991, Bahr and Bahr 1983Kay et al. 2001, McGuine

and Keene 2006, McHugh et al. 2006, Trojian and BaiK2006, Tyler et al. 2006,
Kofotolis et al. 2007). Bahr and Bahr (1997) sugeesthat athletes who have
sustained an ankle sprain within the previous @nabaths have 10-fold higher risk
to ankle sprain than those without previous injury.

Casillas (2003) presents that mostly cited riskdicfor lateral ankle sprains are
generalized ligamentous laxity, inappropriate shwear, irregular playing surface,
and cutting activity. In addition, some studies dafound that decreased
dorsiflexion of the ankle, increased postural swaw poor balance), inadequate

proprioception (Payne et al. 1997, McGuine et &0® Willems et al. 2005a,
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Willems et al. 2005b, Trojian and McKeag 2006)wadl as the body mass index
(BMI) predicts the ankle sprain (Milgrom et al. 19McHugh et al. 2006, Tyler et
al. 2006).

For the female athletes, increased tibial varum @aldaneal eversion range of
motion are associated with ankle ligament injurheveas for the male athletes, the
risk of injury is higher with increased talar t{Beynnon et al. 2001). One of the
essential risk factors for ankle injury is the iié§pto control the accurate position
of foot prior to touchdown. Excessive supinationptantarflexion of the foot as it
touches the ground increases the risk of anklemegd injury (Renstrom and
Konradsen 1997, Wright et al. 2000).

2.3 Injury prevention

Sports injury research and prevention has beenmemnded to follow a mode of
four steps (van Mechelen 1992) (Figure 2). Firdiyg sports injury problem must
be defined in terms of the incidence and seve8gcondly, the risk factors and
mechanisms underlying the occurrence of sportgiegunust be identified. From
this information on the risk factors, the thirdpsis to introduce measures that are
likely to reduce risk or severity of sports injuigrinally, the effectiveness of the
introduced preventive measure must be evaluatedepgating the first step, or

preferably by performing a randomized controlladltr
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Figure 2. The sequence of prevention of sports injuries (adapted from van
Mechelen 1992)

In short, we need to know whether injuries are lstantial problem in certain
sports, and if so, whether there are factors thatbe modified or changed in order
to control the problem. There are several risk diactthat can be changed or
modified, like sports equipment, contents and arho@itraining, personal skills and
physical condition. However, some of the predispgdactors, such as age, gender,
anatomic abnormalities, previous injury, weathendittons, and type of playing

surface are more difficult to change or even cotebteunchangeable.

2.3.1 Neuromuscular training programs

In early 1980’s Ekstrand and co-workers (1983c) tthiel pioneer study of soccer
injury prevention and they found that with a mualtrh program including warm-up,
stretching, use of leg guards, ankle taping, arsflesyatic rehabilitation the injury
rate in male soccer players could be reduced 7Bsgecially, the risk of ankle and
knee ligament injuries was significantly lower Iretintervention group.

During the past decade, several research groupsinagstigated if it is possible
to prevent sports injuries using specific trainipgograms, which include
neuromuscular training, e.g. balance board, sthemghg, agility and plyometric
exercises (Tropp et al. 1985, Hewett et al. 1998duérkopp et al. 1999, Heidt et
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al. 2000, Soderman et al. 2000, Junge et al. 20&hagen et al. 2004, Emery et al.
2005, Olsen et al. 2005, Mandelbaum et al. 2005GMice and Keene 2006,
Soligard et al. 2008). A considerable number ofs¢hstudies have shown that
regular training can reduce 17-80 % of injuriesevdas few of them have found no
decline in risk of injury in the intervention groipable 3). However, a problem in
interpreting these results is that the methodokigyoality of the interventions has
been heterogeneous (Aaltonen et al. 2007).

The training programs for injury prevention haveemedesigned to enhance
balance and body control, motor skills and perforoeaproperties, and thereby
improve lower extremity biomechanics and reduceuriops forces. The main
outcome on injury prevention studies has been @mzd of injuries. However, few
studies have also measured the training effectatioletes’ performance, and they
have shown that neuromuscular training, designeprésent injuries, is likely to
enhance musculoskeletal performance, for examplerioception, balance, muscle
activation and power (Hewett et al. 1996, Wojtysletl996a, Chimera et al. 2004,
Emery et al. 2005, Chappell and Limpisvasti 2008)i€s et al. 2008).
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Table 3. Characteristics of sports injury studies including preventive training program

Reference Study type Sport or Intervention Duration  Sex, No. of participants Qutcomes OR/RR (95% ClI)
activity age (group)
Tropp et al. RCT Soccer Balance board training 6 mo M 144 (intervention) Ankle sprains OR 0.24 (0.10-0.57)
(1985) NR* 171 (control)
Wedderkopp etal. RCT Handball Balance board training and 10 mo F 111 (intervention) Sports injuries OR 0.20 (0.10-0.41)
(1999) functional exercises 16-18 126 (control)
Hewett et al. Prospective Basketball, Preseason training (6-wk): 1 yr F+M 366 (F intervention)  Serious knee RR 0.25 (0.06-1.15)
(1999) intervention  volleyball plyometric, landing HS** 463 (F control) injuries
study and soccer technique, strengthening, 434 (M control)
and flexibility exercises
Heidt et al. RCT Soccer Preseason training (7-wk): 1 yr F 42 (intervention) Sports injuries RR 0.42 (0.2-0.9)
(2000) endurance, strength, 14-18 258 (control)
plyometric, and flexibility
exercises
Soderman et al. RCT Soccer Home-based balance board 7 mo F 121 (intervention) Lower limb OR 1.25 (0.62-2.52)
(2000) training 15-25 100 (control) injuries
Junge et al. Prospective Soccer Multi-intervention: warm-up, 1 yr M 101 (intervention) Sports injuries RR 0.73
(2002) intervention cool-down, rehabilitation, 14-19 93 (control)
study taping, fair play, and strength,

endurance, coordination,
stability, and flexibility
exercises




Reference Study type Sport or Intervention Duration  Sex, No. of participants Outcomes OR/RR (95% CI)
activity age (group)
Verhagen et al. RCT Volleyball Balance board training 36 wk F+M 641 (intervention) Ankle sprains New sprains
(2004) 21-27 486 (control) RR 0.8 (0.3-2.2)
Recurrent sprains
RR 0.4 (0.2-0.8)
Emery et al. (2005) RCT Physical Home-based balance board 6 mo F+M 66 (intervention) Sports injuries RR 0.2 (0.05-0.88)
education training 14-19 61 (control)
students
Olsen et al. (2005) RCT Handball Structured warnprggram: 8 mo F+M 958 (intervention) Ankle and knee RR 0.53 (0.35-0.81)
technique, strengthening, 15-17 879 (control) injuries
balance, and plyometric
exercises
Mandelbaum et al. Prospective  Soccer Warm-up program: running, 2 yr F Year 1: ACL injuries Year 1:
(2005) intervention stretching, strengthening, 14-18 1041 (intervention) RR 0.11 (0.03-0.48)
study plyometrics, and soccer 1905 (control) Year 2:
specific agility exercises Year 2: RR 0.26 (0.09-0.73)
844 (intervention)
1913 (control)
McGuine & Keene RCT Basketball ~ Balance exercises on 1 season F+M 373 (intervention) Ankle sprains RR 0.56 (0.33-0.95)
(2006) and soccer floor and balance disc HS** 392 (control)
Soligard et al. (2008) RCT Soccer Structured wamprogram: 1 season F 1055 (intervention) Lower limb RR 0.71 (0.49-1.03)
running, strengthening, 13-17 837 (control) injuries

plyometric and balance
exercises

* NR=not recorded, *HS=high school aged



2.3.2 Neuromuscular training in female athletes

During pre-pubertal years, the pace of neuromusaldaelopment is similar in
boys and girls (Hamstra-Wright et al. 2006). Howeweuromuscular patterns in
males and females differ essentially during matomatmales demonstrate great
increases in coordination, strength, power anddp&bkereas girls show only little
change in these performance properties (Hakkin®&®,1Beunen and Malina 1996,
Froberg and Lammert 1996, Bar-Or and Rowland 2Bi@dvett et al. 2004).

For example, no gender differences in peak leg p@se noted before puberty
(Barber-Westin et al. 2005), but during puberty $alemonstrate significantly
greater increase in muscle power (Quatman et ab6)20In addition, boys
demonstrate better neuromuscular control of thes kndate puberty than they had
in early puberty, whereas the neuromuscular comfdhe knee decreases among
girls from early to late puberty (Hewett et al. 2P0

Most of the musculoskeletal differences betweeremahd females develop after
the growth spurt. Researchers have suggestedhbse tmusculoskeletal changes
that accompany maturation result in poor neuromasaontrol in female athletes
(Hewett et al. 2004, Hass et al. 2005, Yu et ab520Concurrently, post-pubescent
females suffer higher level of knee injuries whempared to the pre-pubescent
females and pre- and post-pubescent males in the sports (DeHaven and Lintner
1986, Arendt et al. 1999, Hewett 2000).

Developmental changes and gender differences imdxbanics have been
investigated in different tasks, such as runniagding, and cutting. Following the
onset of growth spurt, female athletes change thg of landing (Hewett et al.
2004, Hass et al. 2005, Yu et al. 2005). Femalketaih demonstrate reduced knee
flexion, hip flexion, hip abduction, and hip extalnrotation during landing
compared with male athletes (Chappell et al. 20@7addition, in contrast to males
and pre-pubertal girls, adolescent girls and adultnen demonstrate decreased
flexor torques and hamstring-to-quadriceps peakuis (Chappell et al. 2002,
Barber-Westin et al. 2006).

However, these neuromuscular imbalances and defieie among female are

alterable. For example, Hewett and co-workers (199i6ated a training program
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that focused on correction of muscle imbalances ammmdement techniques in
adolescent girls. The intensive six-week trainimggpam included jump, weight,
and stretching exercises three times a week. Girairtg session lasted two hours.
The authors showed that young female athletes detnaded greater dynamic knee
control, increased hamstring-to-quadriceps peaiumras well as decreased side-
to-side differences and impact forces after thimitng period. It seems that intensive
neuromuscular training induces a pronounced neusoutar progress that would
otherwise be absent in adolescent girls.

Gender differences in neuromuscular function angsighal performance can be
reduced also in adulthood. Females can enhance pigisical performance
properties even higher level than untrained mafeaemer and colleagues (2001)
showed that periodized progressive strength trginiresults significant
improvements in high-intensity physical performanoger the six-month period in
adult females. Subjects were randomly assignedxtdraining groups: 1) whole
body strength and power, 2) whole body strength taymkrtrophy, 3) upper body
strength and power, 4) upper body strength andringpdy, 5) field plyometric and
partner-resisted and 6) aerobic training groupinimg related adaptations in one
repetition maximum (1 RM) (squat, bench press, lagt pull), power (squat jump
and bench press throw), squat endurance and fuattiests were specifically
associated with the type and intensity of trainimggram. 1 RM in weight training
is the maximum amount of weight one can lift iniagke repetition for a given
exercise, and it can be used for measuring maxsinahgth.

In another study of Kraemer and colleagues (2068yved that systematic and
periodized resistance training can produce greptaomements as in strength as in
sports specific motor performances in adult fenaéidetes.

Subsequently some studies have also suggestedrdfgalar neuromuscular
exercises not only improve performance properbes,also reduce injurious forces
(Paterno et al. 2004, Noyes et al. 2005, Myer et2@D6) and decrease lower
extremity injury risk in females. These studies énancluded either vigorous and
heavy training programs as described above (Hestedt. 1999, Heidt et al. 2000,
Mandelbaum et al. 2005), or low-to-moderate intignsiraining programs
(Wedderkopp et al. 1999, Emery et al. 2005, Oldeal. 2005, McGuine and Keene
2006).
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Olsen and colleagues (2005) showed that a struttuaem-up program designed to
improve running, cutting, and landing techniquewetl as balance, motor control
and strength, reduced acute ankle and knee injumiegoung female handball
players. The intervention teams used the warm-ogram before handball training
for 15 consecutive sessions and then once a weaetgdhe season. A total duration
of warm-up session was 15-20 minutes.

Soéderman and co-workers (2000) found no effectadéirice board training on
the incidence of lower extremity injuries. Howevéng program they used was
home-based training with poor compliance and higip aut rate of players. Thus,
the neuromuscular training for enhancing perforreanad reducing injury risk

should be included in structured trainings of teams
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3. AIMS OF THE STUDY

The aims of this thesis were:

1 to determine the incidence of cruciate ligamenturies of the knee in
adolescents and young adults in Finland (1)

2 to describe the incidence, nature, causes, anditgewé floorball injuries in
Finnish female players (II)
to analyze interaction between playing surfaceiajpaly risk in floorball (1)
to assess the effects of neuromuscular warm-uprgmogn lower extremity
injury risk (1V)

5 to determine the effects of neuromuscular warm-tgggam in muscle power,
balance, speed and agility (V)

6 to analyze safety of neuromuscular warm-up progiigand V)
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4. MATERIALS AND METHODS

4.1 Epidemiologic studies

4.1.1 Cruciate ligament injuries (I)

4.1.1.1 Study design and participants

The first study was a population-based cohort studyinnish adolescents and
young adults with 9-year follow-up. The study paiidn was drawn from the
Finnish Population Register Center (FPRC) through gelection of all Finnish
adolescents (aged 14, 16 and 18) born in a caltgis.

The baseline population consisted of 50 403 subjeictvhom 46 531 responded
to the Adolescent Health and Lifestyle Surveys (A)lLThe proportion of females
and males in this sample was 25 099 (54% of apjaedents), and 21 432 (46%),
respectively. The mean ages of the respondents W& 16.6 and 18.6 years.
Persons who had been hospitalized with ACL or Py before entering to the
sample were excluded from analysis (n=73), whepessisons who died during the

follow-up (n=257) were followed up until the timéaeath.

41.1.2 Outcomes and data collection

The outcome variables in this data set were ACLR@4 injuries of the knee. The
data used in the study was a combined data from AMith data from national
injury registers: the National Hospital Dischargegiter (NHDR) and to the
Cause-of-Death Statistics (CDS) in Finland. The AHk a nationwide monitoring
system of adolescent healthiness in Finland, caeduas a postal survey.

A structured questionnaire including questions abwmackground, health and

health behaviours has been mailed to a large saofplnnish adolescents on
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alternate years since 1977. The diagnoses in thBRNKere coded using thé"9
(1987-1995) and 1b(1996-2001) revisions of the International Cldsation of
Diseases (ICD) (World Health Organization 1975, WoHealth Organization
1992).

The baseline data from AHLS for the analyses wéleaed from 1987 to 1997.
The follow-up in the NHDR and CDS started on A@ of each year. The end-
points in the study were the date of the crucig@nhent injury hospitalization, the
date of death, or the end of the study on 31 Deeer®@®01. The respondents were
followed up on average 9.3 years.

4.1.2 Floorball injuries (I1)

4121 Study design and participants

The second study was a prospective cohort stuéinimsh female floorball players

with six-month follow-up. All the 374 players, meage 24 years (range 15-52),
were recruited from Finnish top leagues; the ddtaue, the first division, and the
second division. Final participation was based lo@ informed consent of each
player. All players who were injury and symptomefia the onset of the study were
included in the study. 164 players from Finnistieeleague, 183 players from first

division and 27 players from second division pgrated.

41.2.2 Outcomes and data collection

The outcome variables in this study were all fl@dHpelated time-loss injuries. An
injury was defined as any acute injury or overugery occurring during a floorball
game or practice and making the player unable tcpg@ate in a game or practice
session during the following 24 hours.

During the floorball season 2004-2005 (six-monthiquh exposure time and
floorball injuries were registered among the aboweed players. The practice and
game hours of floorball were recorded on an indigidexercise diary and all
injuries were registered with a structured quesizore and verified by a physician.

Training exposure was defined as structured teaseeéband individual physical
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activities that were aimed at enhancing or maimairplayers’ floorball skills or
physical condition. Rehabilitation exercises fourres were not a part of training

exposure. Game exposure was defined as match betwedlifferent clubs.

4.1.3 Playing surface and injury risk (llI)

4.1.3.1 Study design and participants

The third study was a prospective cohort studyimish female floorball players
based on the previous data set (chapter 4.1.2) twehfollowing exception: the
study population consisted of 331 female playeosnftthe two top level leagues.
Their mean age was 24.5 years (range 15-52). |Ajlgps who had active playing

minutes in either elite league or first divisionreéncluded in the study.

4.1.3.2 Outcomes and data collection

The outcome variables in this study were all atimbe-loss injuries which occurred
during official floorball games. An injury was deéd as any acute injury occurring
during a floorball elite league or first divisiorame making the player unable to
participate in a game or practice session duriegalowing 24 hours.

Exposure time from floorball games was counted Hoth floor types: active
game hours on artificial floors and on wooden ffodame exposure was defined
as official elite league or first division matchtiween two clubs. Information on the
floor type (parquet or artificial floor) at eachga was given by the Finnish
Floorball Association. All participating teams péaly on both playing surfaces
during the season.
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4.2 Intervention studies

4.2.1 Neuromuscular warm-up program and injury risk (IV)

4.2.1.1 Participants and randomization

The fourth study was a cluster randomized contokéudy in Finnish female

floorball players with six-month follow-up. Twensight teams and 457 female
floorball players, mean age 24 years (range 15-&8n Finnish top leagues

participated in the study. Final participation wesed on the informed consent of
each player. A player was included in the studghi# was an official member of
participating team (licensed player) and did natehanajor injury at the onset of the
study.

Stratified cluster randomization to the interventieams and control teams was
performed at each league level (elite league, firgision and second division)
using a team as the unit of randomization. Teatosatked to the intervention group
(14 teams, n=256) were informed about the upconangarm-up program for
preventing injuries. Teams in the control group {@dms, n=201) were asked to do

their usual training during the study season.

4212 Outcomesand data collection

The main outcome variable in this study was anetume-loss injury of lower
extremities that occurred in non-contact circumstanno contact with other player,
stick or ball). An injury was defined as an acuta{tontact injury involving lower
extremities occurring during a floorball game omgiice and making the player
unable to participate in a game or practice seshimimg the following 24 hours.

The secondary outcome variables were other time-loguries of lower
extremities. Training and game exposure was basethe previous definitions
(chapter 4.1.2) with the following exception: traigp exposure included only
structured team-based physical activities, inclgditso the intervention training.

At baseline, players completed a questionnaire tabaakground information

including anthropometrics, previous injuries, floall experience and preseason
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training volume. During the six-month study periahch team coach wrote-up
players’ structured practice and game hours orxarcese diary and informed about
all injured players. All injuries were registeredttwa structured questionnaire. The
study physician contacted a player after each mguvyi and checked the accuracy
and consistency of the filled questionnaire.

In addition, the qualified warm-up instructors keptliary about the scheduled
warm-up sessions in the intervention teams. Atdhd of the season all players
filled in a questionnaire concerning injuries amdbjective participation in the study

to check the completeness and coverage of datctoth.

4.2.1.3 Training program

Teams in the intervention group participated itractured neuromuscular warm-up
program comprising comprehensive exercises. Warrsagsions were supervised
and controlled by a qualified instructor.

The duration of the intervention was 26 weeks,udrlg 42 structured warm-up
sessions, which lasted 20-30 minutes each. Thevarigon program included the
following four periods during the season: the fipgriod (3 sessions/week), the
second period (>1 session/week), the third per@® (sessions/week), and the
fourth period (>1 session/week). Intensive trainimgh 2-3 warm-up sessions a
week took place at the start of the season anchgluhe break from games in
December. Over the competitive season the warmxgicieses were followed
through with maintaining principle.

The neuromuscular warm-up program consisted of fdifierent types of
exercises: 1) running technique, 2) balance andg loodtrol, 3) plyometric and 4)
strengthening exercises (Table 4 and Figure 3)hEa@rcise type had different
variations, with diverse difficulty and intensityhe warm-up sessions were carried
out just before floorball exercises, with low-to-devate intensity for each exercise
type. These comprehensive warm-up exercises weeeifigplly directed at
improving the control of back, knees and anklesndusports specific maneuvers
(running, changing direction, stopping, etc.), éydhis means to reduce the risk of
injuries. Players worked in pairs and they weredgdi to look each others’

technique and give feedback during warm-up training
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Table 4. Neuromuscular warm-up program

I Running exercises 5-7 minutes
Each training session started with jogging (1),nthbree to four running technique exercises froghti
different variations (2-9), and speed run (10hia ¢nd.

1) Jogging straight forward 2 x 20 metres back and forth

2) Carioca running 1-2 x 20 metres, return by slow jogging
3) Sideways gallop 1-2 x 20 metres, return by slow jogging
4) Zigzag running forward 1-2 x 20 metres, return by slow jogging
5) Zigzag running backwards 1-2 x 20 metres, return by slow jogging
6) Skipping 1-2 x 20 metres, return by slow jogging
7) Walking lunges x 4-8 and slow forward running 1-2 x 20 metres, return by slow jogging
8) Slow alternate bounding 1-2 x 20 metres, return by slow jogging
9) Combination hops (right-right-left-left-right-ifig..) 1-2 x 20 metres, return by slow jogging
10) Speed running 1-2 x 20 metres, return by slow jogging

|1 Balance and body control exercises 5-7 minutes

One of the following three exercises during eadining session, each of these three exercise tipds
variations with different degree of difficulty.
1) Squat technique with stick (either double ogkireg)

- Double leg 2-3 x 10-15 repetitions

- Single leg (right + left) 2-3 x 8-10 + 8-10 repetitions
2) Balance exercise with medicine ball

- Single leg (right + left) 2-3 x 4-6 + 4-6 throws
3) Balance board exercise (either double or siregg |

- Double leg: with or without stick + ball 2-3 x 20-30 seconds

- Single leg (right + left): with or without stick ball 2-3 x 20-30 + 20-30 seconds

111 Plyometric exer cises 5-7 minutes

One of the following three exercises during eadining session, each of these three exercise tipds
variations with different degree of difficulty.
1) Forward jumps (either double or single leg)

- Double leg 2-3 x 3-5 repetitions

- Single leg (right + left) 2-3 x 3-5 + 3-5 repetitions
2) Jumps in place

- Three alternative exercises 2-3 x 8-12 repetitions
3) Jumps over stick / sticks (either double or &ingg)

- Double leg 2-3 x 8-12 repetitions

- Single leg (right + left) 2-3 x 4-8 + 4-8 repetitions

IV Strengthening exer cises 5-7 minutes

One exercise for lower legs (number 1, 2 or 3) ane exercise for core (number 4 or 5) during eeainihg
session.

1) Double leg squat with partner on back 2-3 x 8-12 repetitions
2) Single leg split squat 2-3 x 4-8 + 4-8 repetitions
3) Nordic hamstrings 2-3 x 4-8 repetitions
4) Isometric side and front bridge (right + frenteft) 2-3 x 10-30 + 10-30 + 10-30 seconds
5) Cross curl-up (right + left) 2-3 x 10-20 + 10-20 repetitions
+ Stretching exercises (5 minutes)

Only for those players who had limits on low bagkdtion and flexibility. Stretching exercises wargoduced
to players during the first two training weeks. éfthat stretching exercises were performed oneptagwn
time.

1) Seated hip and low back neutral zone exercise 2-3 x 20 seconds
2) Hamstring stretch (right + left) 1-2 x 20 + 20 seconds
3) Kneeling hip flexor stretch (right + left) 1-2 x 20 + 20 seconds
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Figure 3. Examples of the warm-up exercises
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4.2.2 Neuromuscular warm-up program and performance (V)

4.2.2.1 Participants and randomization

The fifth study was a cluster randomized controfiadly based on the previous data
set (chapter 4.2.1) with the following exceptione tstudy population consisted of
27 female floorball teams and 222 female players warticipated in baseline and
follow-up performance tests. Their mean age wage2ds (range 15-42).

Stratified cluster randomization procedure to thienvention and control group
teams is presented in previous chapter (4.2.1)elwere 13 teams (119 players) in
the intervention group and 14 teams (103 playerthe control group.

4.2.2.2 Outcomes and data collection

The main outcome variables were the differencesolbdw-up performance test
means (static jump, countermovement jump, jumpwey @ bar, standing on a bar,
and figure-of-eight running) between two study greycontrol vs. intervention).

The data collection procedures are presented inque chapter (4.2.1).

4223 Peformancetests

Before and after the six-month intervention perifide performance tests were
carried out in following order: static jump, coum@®vement jump, jumping over a
bar, standing on a bar, and figure-of-eight runnifbe performance tests were
largely used field tests, which were feasible aadyeto perform at the training

venue of each team. The descriptions of tests assepted in Table 5.
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Table 5. Descriptions of the performance tests

Test 1 and 2: Static jump and Countermovement jump

Two different types of vertical jump tests were dise measure the
explosive force of the extensor muscles of the lowrtremities.
Both jump tests were measured by using a contad¢t (Mewtest
Powertimer, Oulu, Finland). The recorded flight &in{s) was
transformed to jump height (cm) by a digital tin{f@&smussen and
Bonde-Petersen 1974; Komi and Bosco 1978).

In the static jump the subject was asked to jumphigh as
possible on the contact mat, starting the jump feostatic squatting
position with a 90 degrees knee angle. In the @amivement jump
the subject started a jump from standing upriglit tien making a
countermovement (squat) before the vertical jumgrti€pants had
three attempts in both jumps and the best resu#t used in the
analyses.

Test 3: Jumping over a bar

Two-leg jumping over a bar was used to measure sitleways
jumping speed (Holopainen et al. 1982). The subjexs asked to
jump as quickly as possible over a foamed plasiic(length 50 cm,
width 4 cm, and height 4 cm) that had been placethe ground.

The jumping time was 15 seconds and number of pkopene
two-leg jumps was recorded. The stopwatch was estart
simultaneously with the starting signal and theiegdignal finished
the test. The better result from two attempts vezsun the analyses.

Test 4: Standing on a bar

The standing on a bar test measured one-leg s@tice (Engstrom
et al. 1993, Rinne et al. 2001). The subject wedso stand with
her dominant leg on a narrow bar (width 2cm, hefghh, and length
50cm) for one minute.

The stopwatch was stopped every time the subjecthtd the
floor with the free foot and restarted when theabhakd position was
achieved again. The number of balance losses tarsdréstarts) was
the studied outcome variable. The subject was aiibwo use her
unsupported arms for balance. The dominant leg teaged only
once.

Test 5: Figure-of-eight running

The figure-of-eight running test measured runnipgesl and agility
(Tegner et al. 1986). The subject was asked tasufast as possible
a figure-of-eight course. The course was markedh wito vertical
cones placed ten meters apart and the start/fimshvas next to the
first cone.

The stopwatch was started simultaneously with thbjests’
takeoff and was stopped when the subject complitedourse and
crossed the finish line. The time was recordederpads. The better
result of two attempts was recorded.
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4.3 Statistical analyses

The injury incidence with 95% confidence interv@l) was expressed either as the
number of injuries per 100 000 person-years (stydyr per 1000 hours of playing
and training (lI-1V). In two epidemiologic studi¢i-111) the incidence rate was also
calculated separately for practice and games.

In the analysis othe first study, a Cox regression with 95% CI was conducted
first to analyse the association between the backgl variables and cruciate
ligament injury, forcing age at baseline into thedal. After that, a multivariate
Cox’s regression model was conducted includingflhg adjustments: occupation
of fathers or other parent/guardian, family composj urbanisation level of
residence, perceived health status, chronic disgasmber of stress symptoms
weekly, overweight, smoking, drinking style, anohitig of puberty. The adjusted
hazard ratio (HR) was defined as the risk of injbstween grouping variables.
Independent samples t test was used when compdhegage at time of
hospitalisation between sexes.

In the second study, means with standard deviations (SD) were usecestribe
continuous data, and frequency tables were useddiagorical variables. Ithe
third study, the incidence rate ratio (IRR) was defined asr#te of injury on the
artificial floors divided by the rate of injury dine wooden floors. The unadjusted
and adjusted IRRs were obtained from a Poisson maAdgistments were done by
age, BMI, training volume, floorball experience grdvious injuries.

In the fourth study, one-way ANOVA was used to estimate the intraelust
correlation coefficients (ICC) of incidence ratew fnjury. The unadjusted and
adjusted IRRs between the two groups (interventsrcontrol) were obtained from
two level Poisson regression models. Cluster ramzition was taken into account
in the data analysis by multilevel modelling. Adjuents were done by individual
(age, BMlI, floorball experience, playing positioand number of orthopedic
operations) and team level (league level and pusviowcidence of injuries).
Analyses were done according to the intentiongatt(ITT) principle. In addition
to ITT, efficacy analysis was carried out to evédutne potential benefits of high
compliance and adherence to intervention training.

In the last study, the differences of follow-up test means betwesn study

groups (control vs. intervention) were analyzed rbyltilevel regression models
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taken into account the hierarchical structure dadidue to cluster randomization.
Adjustments were done by individual level (baseltest result, age, floorball

experience, playing position, and number of ortldopeperations), and team level
(league level). Analyses were performed accordmghe intention to treat (ITT)

principle. In addition to the ITT analyses, effigaanalyses were conducted to
evaluate the potential benefits of high trainingnptiance and adherence (high
indicating the players who carried out the warmexercises at least once a week
during the 6-month follow up). In all studies, avplue <0.05 was considered

statistically significant.
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5. RESULTS

5.1 Epidemiologic studies

5.1.1 Cruciate ligament injuries (1)

From the total cohort of 46 472 Finns, 265 (0.6%)spns (194 males and 71
females) were treated for a cruciate ligament injoir the knee during the study
period, giving an injury incidence of 60.9 (95%%3.6 to 68.2) per 100 000 person-
years. Males had higher incidence than female§ @%% CI 83.0 to 110.2) and
30.0 (95% CI 23.2 to 37.3), respectively. The maga at the time of injury was
22.6 years for males and 22.2 for females.

Participation in organized sports3 times a week increased slightly but
significantly the risk for cruciate ligament injuig both sexes: adjusted HR for
female was 2.0 (95% CI 1.1 to 8.6) and males 2504l 1.4 to 2.9). In highest
activity level, that is participatior4 times a week in organized sports, the injury
risk increased substantially more in females thaales) adjusted HR being 8.5
(95% Cl 4.3 to 16.4) and 4.0 (95% CI 2.7 to 6.&¥pectively.

5.1.2 Floorball injuries (II)

During the study period, a total exposure of 47 8&hing and playing hours of
floorball was reported. The volume of training guldying was 45 628 hours and
2206 hours, respectively. 133 out of the 374 plageistained 172 time-loss injuries,
from which 89 injuries occurred in games and 83riactice. Twenty-one players
had two injuries and nine players had three ingudering the season.
The overall injury rate was 3.6 per 1000 trainimgl @laying hours. The injury

occurrence was remarkably higher in games (40w8ieg / 1000 game hours) than
in practice (1.8 injuries / 1000 training hourg)jury rate per 1000 game hours in

the elite league was 34.3, in first division 48 an second division 47.7. Injury
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rate per 1000 game hours in forward players wa6, 54.defensive players 34.8,
and in goalkeepers 16.1. The average age (SD)eofnjared players was 25 (5)
years.

The most commonly injured sites were the knee (278tkle (22%), thigh
(12%), and low back (8%). Lower extremity injuresemed to be more severe than
injuries at other sites (Table 6). 46% of the kirgeries were serious. During the
study season, ten players sustained an ACL inpfrwhich eight ruptures occurred

during floorball games giving an ACL incidence o6 per 1000 game hours.

Table 6. The severity of the injury according to the injury site

Injury location Injury severity

Minor Moderate Major

injuries injuries injuries

(1-7days) (8-28days) (>28days)
n n n

Head / neck (n=9) 9 - -
Upper extremities (n=18) 12 5 1
Trunk (n=13) 9 3 1
Lower extremities (n=132) 72 31 29
Total (n=172) 102 39 31

121 (70 %) of injuries were acute and 51 (30%) weoen overuse. Most of the

acute injuries involved the ankle and knee (29% 28fb), and most of the overuse
injuries involved the knee (27%) and calf/shin (32%oint sprain was the most
common injury type (Table 7). Almost all of the &mknjuries (95%) and over half
(57%) of the knee injuries were acute ligamentisgrar ruptures. Muscle strains
and soft tissue contusions were also common ir§uamong these female floorball
players. Nearly half (45 %) of the 121 acute irgarivere non-contact-injuries. Of
acute ankle and knee injuries, 59 % and 46 % oedurin non-contact

circumstances, respectively. Seven of the ten A@Htures were non-contact-

injuries.

Table 7. Distribution of injury types (n=172) among feméksorball players

Injury type n %
Joint and ligament injury 73 42
Muscle and tendon injury 46 27
Contusion 24 14
Undefined overuse injury 20 12
Nervous system injury 5 3
Laceration 2 1
Fracture 2 1
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5.1.3 Playing surface and injury risk (llI)

A total of 230 floorball games were evaluated foofball injuries sustained while
playing on artificial floors or wooden floors. Tlgame exposure on wooden floors
was 971 game hours vs. 601 hours on artificialrioBuring the season, 51 players
sustained 62 traumatic injuries in regular leagaengs. Seven players had two
injuries and two players had three injuries duting season. The average age (SD)
of the injured players was 26 (5) years. The tiojalry rate was 39.4 (95 % CI 30.7
to 50.6) per 1000 game hours.

36 of all injuries occurred on artificial floors@26 on wooden floors. The injury
incidence per 1000 game hours was 59.9 (95 % 2 #383.0) on artificial floors
vsS. 26.8 (95 % CIl 18.2 to 39.3) on wooden floorsljusted incidence rate ratio
(IRR) of all traumatic injuries was twofold high@RR=2.1; 95% CI 1.2 to 3.5,
p=0.005) on artificial floors compared to that onaslen floors. The risk for non-
contact injuries (adjusted IRR=12.5; 95% CI 2.954.9, p=0.001) and severe
injuries (adjusted IRR=3.3; 95% CI 0.9 to 10.9, ©52) was especially high when

playing on artificial floors.

5.2 Intervention studies

5.2.1 Neuromuscular warm-up program and injury risk (V)

Concerning intervention compliance, five teams (36Pothe intervention group

used the warm-up program according to the plan,tsams (43%) had some
irregularities in training, and three teams (21%girupted the training during the
follow-up. As an average, 74% of the intended treyrsessions could be performed

as planned (Table 8).

Table 8. Compliance of intervention teams

Volume of warm-up training among intervention tegims14) Mean SD, range
Number of warm-up sessions* 31 12, 2-45
Attendance at warm-up training, % of players 69 15, 42-96
Duration of warm-up session, minutes 23.5 39732

* A target number of warm-up training sessions Wagper team during the season
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In the intervention group a total exposure of 3Z 32heduled training and playing
hours of floorball was reported throughout the eaasluring which a total of 87
lower extremity injuries occurred. In the controebgp a total number of 102 lower
extremity injuries occurred during reported expesof 25 019 hours. Significantly
fewer non-contact lower extremity injuries (adjust®RR=0.34; 95% CI 0.20 to
0.57, p<0.001) occurred in the intervention grol@ntin the control group (Table
9).

The greatest reduction was found among minor didgdenent injuries (adjusted
IRR= 0.23; 95% CI 0.07 to 0.69, p=0.009). There vads0 a consistent trend
towards reductions in the moderate (2 injuriehmintervention group vs 6 injuries
in the control group) and major ankle ligament iiigs (1 vs 3), but due to few
injury cases statistical power was too low to detpossible between-group
differences.

Concerning the major knee ligament injuries, siptuwes of anterior cruciate
ligament (ACL) occurred in the intervention groapwhich three were non-contact
injuries. In the control group there were four A@lptures, of which three were
non-contact injuries, respectively.

In efficacy analysis, intervention teams with higgmpliance and adherence for
warm-up training had lower risk of injury than othimtervention teams: IRR
between the high compliance group and the contmigwas 0.19 (95% CI1 0.06 to
0.64, p=0.007) for non-contact lower extremity myju0.19 (95% CI 0.05 to 0.82,
p=0.026) for non-contact ankle ligament injury, &h@2 (95% CI 0.04 to 2.59,
p=0.284) for non-contact knee ligament injury.

Concerning the secondary outcome or the overdlaidower limb injury, there
was a significant difference between the groupseriag the intervention (adjusted
IRR=0.70; 95% CI 0.52 to 0.93, p=0.016). Signifitarfewer acute (non-contact
and contact) lower limb injuries (adjusted IRR=0.85% CI 0.47 to 0.90, p=0.010)
were seen in the intervention group than controugr No significant differences
between the intervention and control group werenéodor overuse lower limb
injuries (adjusted IRR=0.88; 95% CI 0.48 to 1.6304690).

Concerning the safety of the neuromuscular warnpuggram, none of the

injuries occurred during structured warm-up session
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Table 9. Number and incidence (per 1000 practice and playing hours) of acute non-contact lower extremity injuries and incidence rate ratio for
two groups

Injury type Intervention group Control group
(n=256) (n=201)
No Incidence (95% CI) No Incidence (95% CI) ICC  nddjusted IRR p Value Adjusted IRR * p Value

Noncontact lower extremity 20 0.65(0.37t01.13) 2 5 2.08(1.58t02.73) 0.041 0.31(0.17t00.58) .08@0 0.34(0.20t0 0.57) <0.001
Ligament 15 0.48 (0.27 t0 0.84) 38 1.52(1.10t69. 0.033 0.31(0.16t0 0.60) <0.001 0.35(0.10.62%) 0.001
Ankle ligament 8 0.27 (0.11 to 0.64) 27 1.10 (x@1.70) 0.059 0.24 (0.09t0 0.65)  0.005 0.282@q10.67) 0.004
Knee ligament 7 0.22 (0.10to 0.45) 11 0.44 (0.240.80) 0.004 0.49(0.19t01.27) 0.143 0.49 (@01831) 0.155
Muscle strain 5 0.15 (0.06 to 0.37) 14  0.57(0.291.12) 0.040 0.26 (0.09t0 0.72)  0.009 0.40 (@012.32) 0.134

ICC=intra-cluster correlation coefficient for injuincidences. IRR=incidence rate ratio is obtaiffech two level Poisson model. Level of significareeel was <0.05.

* Adjusted at individual level (age, body mass ixd#oorball experience, playing position, and nnbf orthopaedic operations) and team level (leagtevious incidence
of injuries). Cluster randomization was taken iatzount in the data analysis.



5.2.2 Neuromuscular warm-up program and performance (V)

At six months, both groups showed improvementslliperformance tests (Table
10). Statistically significant between-groups diéfieces were found in two outcome
parameters; i.e. jumping over a bar (number of @mMP15 sec), and standing on a
bar (number of balance losses in 60 sec). Meandaetygroups difference in the
former was 2.3 jumps (95% CI 0.8 to 3.8, p=0.0@8)pfing the intervention group,
and in the latter -0.4 balance losses (95% CIlt®®0, p=0.050), again in the favor
of the intervention group.

In efficacy analysis between high compliance play@=71) and control group
(n=103) we found similar results as in the mainlysia In jumping speed the
adjusted mean difference between high complianagep vs. control group was
1.1 jumps (95% CI -0.1 to 2.3, p=0.08), and inisthalance test the adjusted mean
difference was -0.4 balance losses (95% CI -0@Xpp=0.10).

Table 10. Baseline and follow-up test means and adjusted mean difference
between two groups

Variables Baseline Follow-up Mean difference
test mean test mean estimate * P value
(SD) (SD) (95% CI)
Static jump (cm)
Control group (n=103) 26.4 (4.3) 28.8 (4.2)
Intervention group (n=115) 27.8 (4.7) 30.1(5.3) 4 30.6to 1.5) 0.43
Countermovement jump (cm)
Control group (n=103) 28.1(4.1) 30.8 (4.4)
Intervention group (n=115) 29.7 (5.0) 32.0(5.1) 2(30.8t01.2) 0.70
Jumping over a bar (no/15s)
Control group (n=102) 43.4 (3.8) 45.7 (4.6)
Intervention group (n=114) 43.6 (3.9) 47.9 (5.4) 3@.8t03.8) 0.003
Standing on a bar (no/60s)
Control group (n=102) 1.4 (2.2) 1.3(2.1)
Intervention group (n=118) 1.6 (2.8) 1.0 (1.8) -(00.8 t0 0.0) 0.050

Figure-of-eight running (s)
Control group (n=100) 5.57 (0.30) 5.53(0.29)
Intervention group (n=114) 5.55 (0.28) 5.49 (0.28) -0.01 (-0.06 t0 0.04)  0.58

Significance level was <0.05.
*Adjusted at individual level (baseline test reswage, floorball experience, playing position, and
number of orthopedic operations) and team levelgie). The cluster randomization was taken into
account in the data analysis.
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6. DISCUSSION

6.1 Occurrence and nature of injuries

The study series of this thesis reported the oeocs of sports injuries among
floorball players in Finland. The resultstbe first study showed that risk of severe
knee ligament injuries, such as ACL and PCL inmriss high in active young
women. The findings of this current population-thstudy are supported by
previous investigations conducted among athletipufaiions. Such studies have
shown that female athletes have up to 4-7-foldeiased risk for a cruciate ligament
injury compared with their male counterparts plagyat similar level in same sports
(Malone et al. 1993, Arendt and Dick 1995, Mykletoeisal. 1998).

The highest risk for knee injuries have been foumgivoting and cutting sports
like alpine skiing, basketball, football, lacrosseccer and team handball (Ekstrand
and Gillgvist 1982, Wedderkopp et al. 1997, Natriak 1999, Giza et al. 2005,
Hinton et al. 2005, Ramirez et al. 2006, Shankat.2007, Borowski et al. 2008).

The most important finding dhe second study of the thesis (an epidemiologic
study of floorball injuries) was the upward trendimgury incidence in this sport.
The injury rate in the present study was over twees higher than that reported for
female players in earlier studies. Lofgren et 4894) calculated an injury rate of
2.5 per 1000 playing hours for male and female grgyWikstrom and Andersson
(1997) found a rate of 8.2 per 1000 floorball gamoeirs for female players, and
Snellman and collegues (2001) 1.0 per 1000 prabtces and 15.9 per 1000 game
hours. In the present study, the injury rate w&sper 1000 practice hours, and 40.3
per 1000 game hours. Thus, our study supportsaheept that injury incidence has
increased in female competitive floorball duringeet years.

The high injury rate in female floorball equals kvihat found in other female
team sports. Wedderkopp et al. (1997) reportedripudies per 1000 practice hours
in young female handball players and 40.7 injupes 1000 game hours. Engstrém

et al. (1991) found the injury incidence in femat&cer players to be 7 per 1000
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practice hours and 24 per 1000 game hours. Comelusbmparisons between
different sports are, however, difficult to makacg the nature and the intensity of
the sports varies and are often not well definetiraported.

In previous floorball studies, the most common iipjsite was the ankle and the
most common injury type was ligament sprain. Wikstrand Andersson (1997)
reported 17 injuries in female players (n=154). Tih@st common injury site was
ankle (59% of all injuries), followed by knee (18%@nd sprain was the most
common injury type. In our study, the most commuuary type was also sprain, but
the most common injury site was the knee.

In Wikstrém’s and Andersson’s study (1997) propmrtdf overuse injuries was
clearly lower than that of traumatic injuries. Thegported that 16 (94%) of all
injuries in female players were acute traumas. I8l et al. (2001) reported that
overuse injuries were the most frequent injury typéemale players. In our study,
70% of injuries were traumatic and 30% were fronerage. The most traumatic
injuries involved the ankle and knee (29% and 282l most (27%) of the overuse
injuries involved the knee. In the present studjarge number of traumatic knee
and ankle injuries occurred without contact betwelayers: 59% of traumatic ankle
injuries and 46% of traumatic knee injuries wera-gontact injuries.

The third study of this thesis showed that the risk of traumatjarny for female
floorball players is twofold higher on artificidbbrs than wooden floors. Moreover,
the risk for severe injuries was clearly increased artificial surface. Previous
studies on surface related injuries have focusestlgnon outdoor sports (Nigg and
Segesser 1988, Ekstrand and Nigg 1989, Powell ahddiman 1992, Arnason et
al. 1996, Orchard and Powell 2003).

However, as mentioned before, the risk of knee amkle ligament injuries is
especially high in pivoting indoor team sports sashbasketball, team handball,
volleyball, and floorball. Today the plastic magtisurfaces are commonly used in
indoor sports venues, but the influences of diffesurfaces on injury rate in indoor
team sports have been studied scarcely.

Olsen and colleagues (2005) compared ACL injure tatween artificial and
wooden floors in team handball and found over twbfagher ACL risk for female
players on artificial floors (OR=2.35; 95 % CI 1.@@ 5.07). Our findings are
similar: it seems that the shoe-surface interaat&m be considerable extrinsic risk

factors for traumatic injury in lower extremitiesrfsome players at least. However,
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the occurrence of injuries in pivoting sports, atarly in knee and ankle, is not
the result of any single risk factor. Instead, imery is usually a result from the

influence of many factors.

6.2 Injury prevention

The fourth study of this thesis was a cluster randomized contrdited to evaluate
the effects of a neuromuscular warm-up programngury risk of female floorball
players. The intervention program focused on impnoent of players’ motor skills
and body control, as well as preparation of therarauscular system for sports
specific motions. The program was designed to dedle incidence of acute non-
contact lower limb injuries, which are of great cem in floorball.

Compared to the control group, the interventionugrenad significantly fewer
injuries. A reduced injury rate was found in ovetaWwer limb injuries as well as
acute non-contact lower limb injuries. The greatf$tcts were observed in non-
contact ankle ligament injuries.

Some previous studies have indicated that neurauarsitaining probably plays
a crucial role in injury prevention (Tropp et al98b, Hewett et al. 1999,
Wedderkopp et al. 1999, Heidt et al. 2000, Sdderetal. 2000, Junge et al. 2002,
Verhagen et al. 2004, Emery et al. 2005, Olseh @085, Mandelbaum et al. 2005,
McGuine and Keene 2006, Soligard et al. 2008) argdimtervention study supports
these findings.

In the study of Hewett and co-workers (1999) showed the multiple 6-week
training program in high school sports teams deme@ahe rate of serious knee
ligament injuries, as well as the rate of non-conkaee ligament injuries.

Study of Olsen and colleagues (2005) showed, im, tilmat structured warm-up
program among young handball players reduced #ie of traumatic knee and
ankle injuries, and the overall risk for severe and-contact injuries.

In the present study we found similar reductionthimrisk of non-contact lower
limb injuries, but when analyzing the specific ijjlocations, only the risk of ankle
injuries reached the statistical significance. Blié6 reduction in non-contact knee
ligament injuries did not reach significance, b trend was parallel with that of

overall non-contact lower limb injuries.
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The used neuromuscular warm-up program was a nedditbmbination of previous
intervention studies, and exercises of the prognere easy to obtain and learn. As
noted previously, the program was designed to medie incidence of acute non-
contact lower limb injuries. Contact injuries, whiare caused by a contact with
another player (or stick or ball), are also verynawon in floorball, but most likely
more difficult to prevent.

The warm-up program included many different exercisaneuvers with several
variations, so it was not possible to determinecWhparticular maneuvers were
effective in injury prevention. However, this magtrbe even necessary, because
floorball itself, as all other team sports, incladewide variety of fast and dynamic
movements during the game. To obtain a proper loodyrol and correct technique
in sports specific motions, it is probably wisepiactice all the needed skills by
varying rather largely the required tasks.

Also, it is likely that regularity of neuromusculétaining is a key to injury
prevention. Therefore, it is recommended to incluaeed neuromuscular exercises
in weekly training program all the year round toimt@n the preventive effect.

Five teams (36%) from the intervention group pemnfed the warm-up training
regularly through the season. Six teams (43%) hagjularities in training, and
three teams (21%) interrupted the training. On dheunds of information in the
warm-up diaries and players’ subjective estimatbmarticipation, it seemed that
training activity was highest during the first tviining periods after which it
declined. However, all the intervention teams wiaeduded in analyses regardless
of their intervention training activity and theredothe effect of the program might
be even higher than reported. In fact, the efficaoglysis attested that the injury
risk was lower among the regularly trained teanas titme others.

Although severe knee ligament injuries, particyl&CL-injuries, are of concern
in female floorball, in this study could not anadythe effect of the neuromuscular
warm-up program on these injuries because there we&r few such cases (three
non-contact ACL-ruptures in both the interventioroup and control group).
However, it is noteworthy that none of the threeLA@ptures in the intervention
group occurred among the five teams that traingdlagly through the season.

During the study it became obvious, that some ptapé the control group did
similar type of warm-up exercises as the intenamgroup, because these exercises

are commonly used in sports training. Howeverntrg among these controls did
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not reach the level of the intervention group antthis partial contamination of the
controls biased the results of the study it ernedh@ side of underestimating rather
than overestimating the effect of the neuromusdugamning on the injury risk.

In the used intervention program the main point wa€oncentrate in proper
technique in every single exercise. To enhance mekils and body control by
using multiple exercises, coaches and athletes meedfficient knowledge of
correct technique, typical mistakes in each exereisd appropriate methods for
their correction. Training with incorrect techniqggé/e weight to wrong motor
function and may even increase the risk of injuri@n this account, it is
outstandingly important to emphasise the importaoiceight technique in sports
training.

This intervention study focused on adult femaleorft@ll players on three top
level leagues in Finland. However, because allrBabh players have a similar
pattern of lower limb injuries and injury mechangrthe used prevention program
could also be effective in floorball in general liding adult male players, young
players and recreational players. Further studiesnaeded to verify the training
effect in these groups.

Because the musculoskeletal changes develop duoratgration, we currently
recommend that regular neuromuscular training abriball players should begin
not later than the age of 12. It is also easide&aon motor skills during young age,
that is to say the correction of poor motor techeignay be more difficult in
adulthood — at least the learning process takestaoimlly more time and

repetitions than that in childhood.

6.3 Warm-up exercises and performance

According tothe fifth study of this thesis, participation in a structured signth
neuromuscular warm-up program designed to enhalemeerng’ motor skills and
prepare the body to upcoming floorball trainingnteot out to improve static balance
and sideways jumping speed in female floorball @tay Concerning changes in
vertical jumps and running speed and agility, theexe no differences between

intervention and control groups.
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Some studies have shown that neuromuscular traisitigely to enhance athletic
performance (Wojtys et al. 1996a; Hewett et al.al¥himera et al. 2004; Emery et
al. 2005) and thereby improve lower extremity bictrenics and reduce injurious
forces. The used programs differed in type, intgnsiequency, and duration, and
this fact probably has a remarkable effect on megsautcomes.

Hewett et al. (1996) investigated effects of sixelse intensive and progressive
jump and weight training program on landing mecbsuaind lower limb strength in
female athletes. The training session lasted abwathours and it was repeated
three times a week. After the training period, lagdforces from jump decreased
and knee control increased among the trained feathletes. In addition, vertical
jump height and hamstring-to-quadriceps muscle u@rgatios increased in the
trained group.

Chimera and colleagues (2004) evaluated the efédégtsmp training on muscle-
activation strategies and performance of lowereswity during six weeks intensive
plyometric training period. Experimental group efrfale athletes performed jump
exercises two times per week and one training sedsiok about 20-30 minutes.
They found significant increase in preparatory atildlumuscle firing, adductor-to-
abductor muscle co-activation and quadriceps-tostiang muscle co-activation in
the intervention group. Findings supported the irtgpece of hip-musculature
activation strategies for lower extremity controhich interact in biomechanics and
reduce harmful forces.

Emery et al. (2005) studied effectiveness of homsed balance-training
program among male high-school students. The trgiprogram included two- and
one-legged balance exercises with wobble boardtramik stabilization exercises.
Students were advised to use balance-training anogitaily for six weeks, one
training session lasted about 20 minutes. Balaestebattery included static balance
test (one-legged standing on the floor) and dynabatance test (one-legged
standing on the balance pad). Improvements incséatd dynamic balance during
the follow-up were significantly greater in the @ntention group than control
group.

Our neuromuscular training program included runniteghnique, balance,
jumping and strengthening exercises with severaatrans, and it was designed to
replace the traditional warm-up before structutedrball training. The intensity in

each exercise was low-to-moderate. Therefore it wagous that this training
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program might not improve all measured outcomes plogram did not, for

example, include exercises which aim to improve imak vertical jump height.

Systematic strength and power training, such asotteein study of Hewett et al.
(1996), are needed to improve muscle power. Orother hand, it was logical that
warm-up exercises enhanced static balance and adeyumping performance
because every warm-up session included differemati@ns of one-legged standing
and rebound jump series.

In efficacy analysis we did not found greater im@nments among the high
compliance players. However, it is noteworthy tha high compliance players
(n=71) had slightly better baseline test resulgstbthers in the intervention group.
This may intend that those hardworking players rhaye had higher training
volume, better condition and neuromuscular perfoiceain general. At the same
time, those players who had lower baseline resalbsild improve their
neuromuscular performance by smaller amount ohitrygi This may signify that
improvements in jumping speed and static balaneerather easy to attain at the
initial stage of training or among novice playargen with irregular training.

Though these warm-up exercises did not improvefalhe measured outcomes,
we feel that they should be practiced before sgpégific training since they have
been shown to be effective in injury preventioneThain point in comprehensive
warm-up exercises is to activate athletes’ proggpdion and motor control, and
thereby prepare the neuromuscular system for upwpnsports training. If
upcoming sport training or playing includes for exde one-legged movements,
upper body rotations and running in different di@ts, it would be reasonable to
practice those maneuvers during the warm-up session

Systematic warm-up exercises are also excellenttavdgarn and maintain motor
skills for each sport. On this account, in the présantervention the main point in
each exercise was to focus on proper techniquén ascgood playing posture,
neutral zone of lumbar spine, trunk stability, grakition and function of the hip,
knee and foot (especially “knee-over-toe” positiaiyring the sports-specific
maneuvers. Besides, the neuromuscular warm-upisgerwere safe to perform and

can be thus recommended to be included in the weehing of this sport.
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6.4 Methodological considerations

The first study was a population-based prospective cohort studgiving a large
and nationwide sample of adolescents over a rerbgrkang follow-up period (a
total of 435 840 person-years). The data useddrsthdy was combined data based
on three data sets from AHLS, NHDR and CDS. Coniphtyaof the AHLS data
has been controlled by means of maintaining thepSag) research methods,
guestions and timing as similar as possible over ybars. Also coverage and
accuracy of the NHDR and CDS data have been shovire tvery good (Salmela
and Koistinen 1987, Keskiméki and Aro 1991).

There were also some limitations in this first stuBlirst, although the overall
response rates of the adolescents were very goeg,declined somewhat over the
years. However, the analysis of non-respondenta/ethdhat non-respondents had
similar risk for cruciate ligament injury to that the respondents, allowing us to
conclude that non-response did not have a signifiediect on results.

Second, it is possible that before 1994 a few iddi@ls with a cruciate ligament
injury were treated on outpatient basis or at pevainics and thus not registered in
the NHDR. Until 1993, the NHDR covered all hosgtal Finland and all inpatient
stays were registered. From 1994, the data wasated more accurately, and the
NHDR (re-named as the Care Register) was widenedver also day surgery cases
(Stakes 2003). However, during the study yearspaiignt care was quite rare
among patients with cruciate ligament injury.

The second study was a prospective cohort study in Finnish feméberball
players with six-month follow-up. Exposures weresdxh on individual training
diaries, which gave an actual training and playiogrs of each player. The contact
person of each team held injury questionnairesdiaides during the season. When
an injury occurred, the contact person gave amrynjestionnaire to the injured
player, and helped her to complete it if necess@he contact person sent the
completed injury questionnaire to the study phwsiciwho then contacted and
interviewed the injured players and checked theuramy of individual injury
information. In addition, the study researcher aoted all the team coaches and
contact persons regularly to assure the coveragesahjuries.

However, there were also some limitations in theosd study. First, although

the injury information was collected precisely, mlinor injuries may not have been
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reported. Second, the sample size (n=374) canb&en seen as a limitation of the
study as it prevents subanalysis of the data,.tpr ®r ACL injuries.

The third study was a prospective cohort study based on the prsvitentioned
data set, and the strengths of the injury and expodata collection were described
above. In this study we compared injury incidenbesveen two different floor
types, which clearly differ from each other in tb@vering materials and friction
properties.

However, it must be taken into consideration thattlee wooden floors and
artificial floors are not similar. Freshly varnigshand clean wooden floors can have
a higher friction than their dusty counterpartssdl friction between different
artificial floors varies. In general, however, thsificial floors clearly have higher
friction than wooden floors (Olsen et al. 2005, HKigynen 2007). A second
limitation of the study was that the exact inforroatof players’ shoes was lacking.
Ideally, each shoe model should be tested on diffesurfaces for exact information
on friction.

The fourth study was a cluster randomized controlled study in Rhniemale
floorball players with six-month follow-up. The cenage of the study was high:
86% of all eligible players from 28 floorball tearosuld be recruited. In addition,
the intervention and control groups were similabaseline characteristics, drop out
rate, and floorball exposure during the follow-up.

Compliance in collecting the exposure and injuryadaas also very good.
Exposure data were collected on a group basis, imge#imat the coach of each team
reported the number of games and structured pesctiduration of each practice
session and number of attended players). Injurg dais collected in the same way
as in the second study.

The RCT study had also some limitations. Firsthgence of a possibility to full
double blinding in this type of study limits theresigth of the conclusions.
Randomization phase, data collection and data sisalere blinded, but for
obvious reason neither the coaches nor the plagerdd be masked. Second, the
sample size was sufficient for injury analyses @oning all non-contact lower limb
injuries but too small for analysing the anatomabgroups in detail.

The fifth study was a cluster randomized controlled study basetth@previously
described population of floorball players. As irethreviously described RCT, a

study design of this trial was robust and redudesl potential biases and thus
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increased the reliability of the results. Secohe, intervention and control groups
were similar in baseline characteristics, drop mte, and training and playing
exposure during the six-month follow-up. The neuwsoular warm-up activity in
the intervention group was good.

Though the initial rate to participate the testsswguite high, the general
participation rate to the follow-up tests could @dween better. The drop out rate
was 36% and this may have influenced the resuitspugh the proportion of drop
outs was similar in both groups. In fact, it wagraat challenge to arrange suitable
testing times for all players in the amateur sports

It was also obvious that some players in the congr@up used similar
neuromuscular exercises as those in the intervemioups. However, it is likely
that the training volume and quality among thesgrods did not reach the level of

the intervention group.

6.5 Implications for further studies

The main findings in this study indicate that namtact injuries of lower
extremities, which are common in female floorbake largely preventable.
However, similar research is needed also with lasgenple size in order that we
could assess the effects on some anatomical sytgyreuch as severe knee injuries
and overuse injuries.

Accordingly, more exact information on sports-speciisk factors, including
more accurate measurements of friction charaatsjstalalignments, and injury
mechanisms, are needed for designing effectiveepteon strategies. In addition,
the feasibility of the neuromuscular warm-up progrshould be explored in other
sports and target groups, such as male playersygyglayers and recreational
players.

This study also showed that the neuromuscular wgymrogram enhanced some
of the measured performance properties of the pay@evelopments in players’
jumping speed and static balance may signify almptovements on leg control
and muscle activity. The selected performance test® largely used field tests,

which were feasible and easy to perform.
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The challenge for future research is to explore there precise effects of
neuromuscular training to players’ body controlclsuas hip, knee and foot
positions, as well as muscle activation patterige-®-side differences and motor
skills. These tests should measure sports-spegiceuvers, such as running,

stopping, jumping and chance of direction.
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/. CONCLUSIONS

Referring to the original aims of the study in cleap3, the conclusions can be

summarized as follows:

1 The risk for cruciate ligament injury of the knee dlearly raised among
adolescents engaged in organized sports, and gkeasriespecially high in
young athletic women. (1)

2 The injury rate is high in female floorball, espali during games. Female
floorball players have a great risk for ligamentires of the knee and ankle,
and considerable part of these injuries occur in-cantact circumstances.
About half of the knee injuries are serious causimg-loss of over 28 days.
(1)

3 The risk of acute injury is twofold higher when yiteg on artificial than
wooden floors. Moreover, the rate of non-contaad aevere injuries was
over 12 and 3 times higher on artificial floorsl)(l

4 The neuromuscular warm-up program is effective ieventing acute non
contact injuries of lower extremity in female flbatl players.
Neuromuscular exercises should be included in tleekly training of
floorball. (IV)

5 The neuromuscular warm-up program is effective mmamcing floorball
players’ sideways jumping speed and static balgive.

6 The neuromuscular warm-up exercises are safe torper(lV, V)
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Original article

The risk for a cruciate ligament injury of the knee in
adolescents and young adults: a population-based
cohort study of 46 500 people with a 9 year

follow-up

J Parkkari,'? K Pasanen,” V M Mattila,>® P Kannus,*** A Rimpeld?

ABSTRACT

Objectives: The knee joint is the most common site for
injury among younger people, the injury often resulting in
expensive (surgical) treatment, long-term rehabilitation
and permanent functional impairment and disability.
Methods: \We investigated the incidence and risk factors
for a major knee-ligament injury in an adolescent Finnish
population. A population-based cohort of 46 472 adoles-
cents was followed for an average of 9 years. All patients
hospitalised with the diagnosis of anterior or posterior
cruciate ligament injury (ACL or PCL injury) were included
in the analysis.

Results: 265 (0.6%) people (194 male and 71 female
subjects) from the total cohort of 46 472 were treated for
a cruciate ligament injury of the knee during the follow-up
period, giving an injury incidence of 60.9 (95% Cl 53.6 to
68.2) per 100 000 person-years. \When the socioeco-
nomic, health and lifestyle background variables were
taken into account, the adjusted hazard ratio for a cruciate
ligament injury of the knee was 8.5 (95% Cl 4.3 to 16.4)
for female and 4.0 (95% Cl 2.7 to 6.1) for male subjects
who participated in organised sports =4 times/week.
Conclusions: The general risk for a cruciate ligament
injury of the knee is relatively low among adolescents and
young adults, but participation in organised sports
increases the risk significantly. The risk is especially high
in active young women. Preventive measures should be
adopted to decrease the short-term and long-term burden
of these severe injuries.

Current public health recommendations strongly
recommend regular physical activity to improve
cardiovascular health and reduce the risk of chronic
diseases." However, with increasing physical activ-
ity, the risk of musculoskeletal injury also
increases. Owing to the very large and increasing
number of injuries induced by physical activity
among adolescents and young adults, such injuries
are currently considered a marked public-health
burden.”®

Because of its anatomical location, the knee joint
is subjected to tremendous forces during exercise
and physical activity, thus, it is not surprising that
this joint is the most common site for a sport-
related injury, usually accounting for 15-30% of all
such injuries.® In addition, the knee joint is a
common site for severe injuries, such as ruptures of
the anterior or posterior cruciate ligament (ACL or
PCL). These injuries frequently need surgical
treatment and long-term rehabilitation and may
result in functional impairment and permanent
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disability. They are also very costly.® In the
USA, which has a rate of about 250 000 cruciate
ligament injuries per year, a conservative estimate
of surgical and rehabilitative costs of one cruciate
ligament injury is about US$17 000.°° Moreover,
the long-term costs of a cruciate ligament injury
may be significantly greater, as the risk of radio-
graphically diagnosed knee osteoarthritis later in
life is increased by up to 105 times."

Despite these results, the frequency of and risk
factors for knee injuries in adolescents are not well
established. Therefore, the aim of this prospective
cohort study was to investigate the incidence of a
major knee ligament injury in a general adolescent
population and to compare sports with socio-
economic, health and other lifestyle background
variables to obtain insight into how strong a risk
factor is sports participation for these injuries.

METHODS

Approval for the study was obtained from the
institutional review board of the National Research
and Development Center for Welfare and Health
(6267/54/2002) for the use of the National
Hospital Discharge Register and, from Statistics
Finland (TK-53-1526-04) for the use of the Official
Cause-of-Death Statistics.

Baseline cohort

Combining survey data with data from national
injury registers we obtained longitudinal informa-
tion on cruciate ligament injuries of the knee and
associated risk factors. The Adolescent Health and
Lifestyle Survey is a nationwide monitoring system
of adolescent health and health-related lifestyle in
Finland, conducted as a postal survey on alternate
years since 1977."' " Two reminders are sent to
non-respondents after 3 and 7 weeks. The materi-
als with respect to sampling, research methods,
questions and time of inquiry have been main-
tained as similarly as possible for each year.

Our sample of adolescents aged 14, 16 and
18 years was drawn from the National Population
Register Center through the selection of all Finns
born on certain days in June, July or August. The
mean ages of the respondents were 14.6, 16.6 and
18.6 years. Baseline data for the purpose of the
present study was collected from 1987 to 1997. The
baseline population consisted of 59 403 people, of
whom 46 531 responded to the Adolescent Health
and Lifestyle Survey, the response rate being 78%
(table 1).
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Table 1 Age, number and response rates of the study subjects
Age at
. follow-up Age e!t Participants (n) Response rate (%)
Baseline in 2001  baseline
year (years) (years) Male Female  Male Female
1987 29 14 1674 1789 81 89
31 16 1383 1479 80 89
33 18 1012 1274 74 89
1989 27 14 360 431 75 90
29 16 362 380 70 82
31 18 326 407 63 80
1991 25 14 1629 1837 74 87
27 16 1562 1912 71 87
29 18 1286 1626 61 82
1993 23 14 1861 2008 75 88
25 16 1655 1943 1Al 87
27 18 1460 1791 67 84
1995 21 14 177 1301 75 85
23 16 1232 1469 72 88
25 18 1071 1313 67 86
1997 19 14 1168 1346 69 84
21 16 1126 1379 68 87
23 18 1088 1414 60 83
Total — — 21432 25099 1l 86

Cruciate ligament injury data

The follow-up started after the survey ended on 30 April of each
data-collection year. The end-points in the study were the date
of the first cruciate ligament injury hospitalisation (obtained
from the National Hospital Discharge Register), the date of
death (obtained from the Official Cause-of-Death Statistics), or
the end of the study on 31 December 2001. The respondents
were followed up for an average of 9.3 years, the total follow-up
time being 435 840 person-years.

The hospitalisation data were obtained from the statutory,
computer-based National Hospital Discharge Register of
Finland, which contains data on the diagnosis, length of stay,
location and cause of injury, possible surgery, age and place of
residence of all patients in this country. The information is
systematically collected from all hospital categories (public,
private, military and other). The main outcome variable was
patients hospitalised with the main or secondary diagnosis of
ACL or PCL injury.

The diagnoses in the National Hospital Discharge Register
were coded using the 9th (1987-1995) and 10th (1996-2001)
revisions of the International Classification of Diseases (ICD).
Cruciate ligament hospitalisation was defined by the ICD-9
codes 8442A and 8442B and by the ICD-10 code S83.5. In the
analyses, ACL and PCL injuries were combined because ICD-10
uses code S83.5 for both of these injuries. During the years
1987-1995, 8% of the injuries involved the PCL. A recent
validation study showed that the coverage (92%) and accuracy
(89%) of diagnosis of cruciate ligament injury of the knee in the
Finnish National Hospital Discharge register are very good for
epidemiological purposes.*

People who had been hospitalised with cruciate ligament
injury before entering to the sample (ie before the response
date), were excluded from analysis (n=73), whereas people
who died during the follow-up (n = 257) were followed up until
the time of death. As noted above, the data concerning deaths
were obtained from the Finnish Official Cause-of-Death
Statistics, which is also a statutory, computer-based register
covering the entire population."
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Physical activity variables as risk factors for the injury
Frequency of participation in sports clubs and other physical
activity in adolescence was analysed with following alter-
natives: never, <3 times/week and =4-5 times/week. Other
physical activity was measured by combining three variables
describing physical activity; (1) organised by school or work-
place, (2b) organised by associations other than sports clubs
and (3) participated in alone or with friends or family
members.

Other background variables as risk factors for the injury

Altogether, 11 additional categorical variables from the
Adolescent Health and Lifestyle Survey were used in the
analysis. These were obtained as adolescents’ self-reports, with
the exception of age, sex and urbanisation level of residence, the
latter derived from the sample information (Population Register
Center). Respondent’s  socioeconomic  background —was
measured by the education of the father or other parent/
guardian, family composition and urbanisation level of resi-
dence. Adolescents’ health was assessed on the basis of their
self-reports on perceived health status, chronic disease or
disability restricting daily activities and by counting a summary
index of eight stress symptoms (stomach aches, tension,
irritability, sleep difficulties, headache, trembling of hands,
feeling tired or weak, feeling dizzy) perceived weekly. Body
mass index (BMI) was calculated by dividing weight (kg) by the
height in meters squared, (m) and the cut-off points for
overweight were set according to Cole and colleagues.”

The timing of puberty was assessed by questions about the
respondent’s age at the time of the first ejaculation (boys) and
first menstruation (girls) and classified into three categories:
early (<12 years in boys and <11 years in girls), average (13 or
14 years in boys and 12 or 13 years in girls) and late (=15 years
in boys and =14 years in girls). Adolescents” health-compromis-
ing behaviours were described by daily use of tobacco and the
drinking style (abstinence, occasional drinking, recurrent drink-
ing, recurring drunkenness).

Statistical methods

The statistical analyses were carried out in two stages,
separately for boys and girls. There were two exclusion
criteria: non-respondents to the questionnaire and respon-
dents who had not answered the questions investigated in this
study.

In the analysis, we first conducted Cox regression with 95%
CI to analyse the association between the background variables
and cruciate ligament injury hospitalisation, forcing age at
baseline into the model. Thereafter, a multivariate Cox’s
regression model was conducted including adjustment for
occupation of father or other parent/guardian, family composi-
tion, urbanisation level of residence, perceived health status,
chronic disease, number of stress symptoms weekly, over-
weight, smoking, drinking style and timing of puberty.
Independent samples t test was used when comparing the age
at time of hospitalisation between sexes.

Finally, we compared respondents and non-respondents
across the follow-up years to determine if any specific
differences might exist between the groups relevant to this
study. The non-respondents to the baseline surveys had 1.1
times (95% CI 0.8 to 1.4) the risk of ACL/PCL hospitalisation
than the respondents, thus indicating random or nonbiased
selection of the study respondents.
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Table 2 Adolescent socioeconomic, health and lifestyle variables™ as
predictors for a cruciate ligament injury hospitalisation during the follow-up

Hazard ratio (95% Cl) for cruciate
ligament injury

Background variable Boys Girls
Urbanisation level of residence
Capital area (Helsinki and adjoining 1 1
towns)
Large town (population >100 000) 1.0 (0.5 to 2.0) 0.7 (0.2 to 1.8)
Small town 1.1 (0.7 to 1.9) 0.7 (0.4 to 1.4)
Village 0.9 (0.5 to 1.5) 0.5 (0.2 to 1.0)
Sparsely populated rural municipality 0.7 (0.4 to 1.3) 0.5 (0.2 to 1.3)

Education of father or other parent/guardian

High 1 1

Middle 1.0 (0.6 to 1.7) 1.4 (0.7 to 2.7)

Low 0.9 (0.6 to 1.4) 0.7 (0.4 to 1.3)
Family composition

Nuclear (both parents were 1 1

adolescent’s own)

Non-nuclear 1.3 (0.9 to 1.8) 0.9 (0.5 to 1.5)
Perceived health status

Excellent 1 1

Good 0.6 (0.5 to 0.8) 0.6 (0.4 to 1.0)

Poor 0.4 (0.3 to 0.7) 0.5 (0.2 to 0.9)
Chronic disease or disability

No 1 1

Yes 1.0 (0.6 to 1.7) 1.4 (0.7 to 2.7)
Number of stress symptoms weekly

0 1 1

1 1.3 (1.0 to 1.9) 1.0 (0.6 to 1.8)

2 0.9 (0.5 to 1.4) 0.6 (0.3 to 1.2)

3+ 0.8 (0.5 to 1.3) 1.0 (0.6 to 1.8)
Overweight

No 1 1

Yes 1.1 (0.8 to 1.7) 1.5 (0.8 to 3.1)
Smoking

Not daily 1 1

Daily 0.9 (0.7 to 1.3) 0.6 (0.3 to 1.2)
Drinking style

Abstinence 1 1

Occasional drinking 0.7 (0.5 to 1.0) 1.5 (0.7 to 3.4)

Recurrent drinking 0.8 (0.6 to 1.1) 1.7 (0.8 to 3.7)

Recurring drunkenness 0.6 (0.4 to 1.0) 1.5 (0.6 to 3.7)

Frequency of participation in sports clubs
Never 1 1
2-3 times a week or less 2.1 (1.5 to 3.0) 2.1 (1.2 to 3.6)
4-5 times a week or more 4.1 (3.2 to 6.4) 11.5 (6.7 to 19.8)
Frequency of other physical activity
Never 1 1

2-3 times a week or less 1.8 (0.7 to 4.9) 0.9 (0.2 to 3.5)

4-5 times a week or more 2.2 (0.8 to 6.0) 1.5 (0.4 to 6.3)
Timing of puberty

Early 1 1

Normal 1.1 (0.8 to 1.5) 1.3 (0.7 to 2.7)

Late 0.9 (0.6 to 1.3) 1.4 (0.6 to 3.2)

*Estimated by separate Cox regression models.
The hazard ratios are age-adjusted.

RESULTS

Altogether 265 (0.6%) people (194 boys and 71 gitls) from the
total cohort of 46 472 people were hospitalised for a cruciate
ligament injury of the knee during the follow-up, giving an
injury incidence of 60.9 (95% CI 53.6 to 68.2) per 100 000
person-years. The injury incidence was 96.6 (95% CI 83.0 to
110.2) in male subjects and 30.0 (95% CI 23.2 to 37.3) in female
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subjects. The mean age at the time of the injury was 22.6 years
for male subjects and 22.2 years for female subjects (p = 0.5).

Of the measured socioeconomic, health and lifestyle back-
ground variables, participation in organised sports showed the
strongest association with hospitalisation for cruciate ligament
injury (tables 2 and 3). Participation in organised sports
<3 times/week involved a slightly but statistically significantly
increased risk for cruciate ligament injury (adjusted hazard ratio
(HR) 2.0 (95% CI 1.1 to 8.6) for female subjects and 2.0 (95% CI
1.4 to 2.9) for male subjects). Higher-activity participation was
associated with higher risk for the injury: in female subjects, the
adjusted HR for a cruciate ligament injury was 8.5 (95% CI 4.3
to 16.4) and, in male subjects, the corresponding figure was 4.0
(95% CI 2.7 to 6.1) (table 3).

DISCUSSION

This population-based prospective cohort study showed that
the general risk for a cruciate ligament injury of the knee is
relatively low among adolescents and young adults, but
participation to organised sports increases the risk significantly.
The risk is especially high in active young women.

The current study had a number of strengths. First, it
involved a large, prospective, nationwide sample of adolescents
over a remarkably long follow-up period (a total of 435 840
person-years). Second, medical treatment is equally available to
everyone in Finland, ensuring the overall completeness of the
used hospitalisation database. In addition, the coverage and
accuracy of the National Hospital Discharge Register have been
shown to be very good.* '*

There were also some limitations to the study. First, although
the overall response rates of the adolescents were very good,
they declined somewhat over the years. However, the analysis
of non-respondents showed that non-respondents had a similar
risk for cruciate ligament injury to that of the respondents,
allowing us to conclude that non-response did not have a
significant effect on the results. Second, it is possible that a few
individuals with a cruciate ligament injury were treated on an
outpatient basis and thus not registered in the national hospital
discharge register. However, during the study years, outpatient
care was rare among patients with a cruciate ligament injury.

The findings of the current population-based study are
supported by previous investigations conducted among athletic
populations. Such studies have shown that female athletes have
up to a 4-7-fold increased risk for a cruciate ligament injury
compared with their male counterparts playing at similar levels in
the same sports.'®* The highest risks for knee injuries have been
found in pivoting sports such as downhill skiing, basketball,
football, team handball, floorball, soccer and ice-hockey.”*

The reasons for the increased risk of knee ligament injury in
female athletes are multifactorial, the most common explana-
tions being anatomical, hormonal and training related.” * In
our very recent prospective study among top-level female
athletes, up to 70% of the cruciate ligament injuries were
caused without contact with other players, thus indicating that
intrinsic, person-related factors are of importance.”® In that
study, the incidence of cruciate ligament injury of the knee was
5348 per 100 000 person-years (5.3% per year). In the current
study, the cruciate ligament injury incidence in our general
female population was clearly lower, being only 30 (95% CI 23
to 37) per 100 000 person-years.

A major problem after a cruciate ligament injury is that,
regardless of treatment, athletes with the injury retire from the
active participation at a higher rate than athletes without this
injury.”* This is usually due to residual knee instability,
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Table 3 Anterior cruciate ligament injury by sex and physical activity category

ACL injury, n (%)

Hazard ratio for injury

Present Absent (%) Unadjusted Adjusted*
Male Female Male Female Male Female Male Female
Frequency of participation in sports clubs
=4-5 times/week 60 (2.0 22 (1.6) 2890 (98.0) 1381 (98.4) 4.5 (3.2 to 6.5) 11.7 (6.6 to 20.7) 4.0 (2.7 to 6.1) 8.5 (4.3 to 16.4)
<2 to 3 times/week 74 (1.0) 23 (0.3) 7048 (99.0) 7287 (99.7) 2.1 (1.5 to 3.0) 2.1(1.2 t0 3.7) 2.0 (1.4 to 2.9) 2.0 (1.1 to 8.6)
Never 56 (0.5) 26 (0.2) 10672 (99.5) 15860 (99.8) 1 1 1 1
Frequency of other physical exercise
=4 to 5 times/week 51 (1.0) 22 (0.4) 5140 (99.0) 5168 (99.6) 2.0 (0.7 to 5.4) N/A 1.9 (0.6 to 5.7) N/A
<2 to 3 times/week 137 (0.9) 48 (0.3) 14,752 (99.1) 18845 (99.7) 1.9 (0.6 to 4.6) 1.8 (0.6 to 5.7)
Never 4(0.4) 0 (0) 928 (99.6) 756 (100) 1 1

N/A, not applicable.

*Adjusted for father's or other guardian’s occupation, family composition, urbanisation level of residence, perceived health status, chronic disease, number of stress symptoms

weekly, overweight, smoking, drinking style and timing of puberty.

reduced range of motion, stiffness and pain, alone or in
combination. In addition, unwillingness to take risks for further
injury or distrust in the body’s capacity contribute to the
decision to retire.”

Our findings emphasise that strong and immediate action
should be taken to prevent sport-related knee injuries. In fact, it
should be regarded as one of the most important factors in
training and coaching.”” ** Caraffa et al conducted a prospective
controlled, non-randomised study to assess the effect of
proprioceptive training (including wobble-board exercises) in
preventing ACL injuries among soccer players.”” They showed a
significantly lower incidence of ACL injury in the training group
compared with controls (0.15 vs 1.15 injuries per team/season,
respectively). However, although balance-board training has
been shown to be effective in preventing ankle injuries, there is
not yet enough evidence that this type of training alone can
reduce the risk for knee injuries.”® ** '

Multidimensional training trials have, in general, indicated
that sport-related injuries could be prevented by using these
prophylactic training regimens.” For example, Hewett er al

What is already known on this topic

» The knee joint is the most common site for injury among
younger people.

» The injury often results in surgical treatment and long-term
rehabilitation.

» A cruciate ligament injury of the knee is associated with an
increase in risk of up to 105 times for radiographically
diagnosed knee osteoarthritis later in life.

What this study adds

» Follow-up of a Finnish adolescent population comprising
435 840 person-years showed that the general risk for a
cruciate ligament injury of the knee is relatively low among
adolescents and young adults.

» Participation in organised sports increases the risk of a
cruciate ligament injury of the knee significantly, and the risk
is especially high in active young women.

» More effective preventive measures should be adopted among
young athletes to avoid severe knee injuries.

Br J Sports Med 2008;42:422-426. doi:10.1136/bjsm.2008.046185

found that a specific three-phase plyometric neuromuscular
training programme for female athletes significantly reduced the
incidence of knee injuries in the intervention group.® It is likely
that the preventive effect of this and other training programmes
was the sum effect of several individual methods. However,
because of the complexity of designs of these studies, it is
currently impossible to clarify the effectiveness of individual
components of the intervention programme used. In addition,
the effects of detraining on injury risk are largely unknown,
although it is likely that a year-round and regular neuromus-
cular training is needed to maintain the injury-preventive effect.

CONCLUSION

Our prospective, population-based epidemiologic study showed
that among adolescents engaged in organised sports the risk for
cruciate ligament injury of the knee is clearly raised, and is
especially high in athletic young females. Preventive measures
should be adopted to decrease the short-term and long-term
burden of this severe injury.
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Artificial playing surface increases the injury risk in
pivoting indoor sports: a prospective one-season
follow-up study in Finnish female floorball

K Pasanen,' J Parkkari,' L Rossi," P Kannus?

ABSTRACT

Objectives: To compare the injury risk in pivoting indoor
sports between two different surfaces: artificial floors and
wooden floors.

Methods: Female players (n = 331) from 26 top-level
Finnish floorball teams were followed for one competitive
season (6 months). All traumatic game related time-loss
injuries were recorded. Injury incidences were calculated
as the number of injuries per 1000 game hours for bath
surfaces. Incidence rate ratios (IRRs) were obtained from
Poisson regression models.

Results: Over the competitive season, 62 traumatic
injuries occurred during the games. The injury incidence
per 1000 playing hours was 59.9 (95% Cl 43.2 to 83.0) on
artificial floors and 26.8 (95% Cl 18.2 to 39.3) on wooden
floors, the adjusted IRR being twofold higher (IRR = 2.1;
95% Cl 1.2 to 3.5, p = 0.005) on artificial floors than
wooden floors. The risk for non-contact injuries (adjusted
IRR = 12.5; 95% Cl 2.9 to 54.9, p = 0.001) and severe
injuries (adjusted IRR = 3.3; 95% CI 0.9 to 10.9,

p = 0.052) was especially high when playing on artificial
floors.

Conclusions: The study attested that the risk of
traumatic injury in pivoting indoor sports is higher when
playing on artificial floors than wooden floors. The higher
shoe—surface friction on the former surface is likely to
explain the higher injury risk.

Floorball is a fast growing indoor team sports that
has become very popular in Europe during the last
decade. The International Floorball Federation
consists of 38 member associations with more
than 3700 clubs and more than 250 000 licensed
players. The largest member associations are in
Sweden, Finland, Switzerland, Czech Republic and
Norway.! Floorball can be described as hockey
played indoors on a court (20x40 m) surrounded
by a low board. Each of the opposing teams
consists usually of 15-20 players, and five field
players and a goalkeeper are on the court at the
same time. The players use graphite compound
sticks and a light plastic ball. Playing time is
3%20 min. The playing surface can consist of wood
(parquet) or artificial materials (plastic covering).
There seem to be two main factors involved in
surface-related injuries: hardness of a surface and
friction between the sports shoe and surface.
Hardness of surface has been associated with
overuse injuries in soccer.” High friction has been
suggested to be an important risk factor of
traumatic injuries. Powell and Schootman® com-
pared knee injury risk between artificial turf and
natural grass in American football. They found

that higher friction between players’ shoe and
surface on artificial turf slightly increased the risk
of knee ligament injuries. Also, higher friction may
lead to increased running speed. Field hockey and
football players had higher running speeds on
artificial surface compared with natural grass.*’
Higher playing speeds may increase the risk of
collision injuries. On the other hand, if the friction
is too low then this may cause slipping-related
injuries.

A possible connection between surface and
injury risk in indoor team sports has rarely been
studied. Olsen and colleagues® compared the rate of
injury of the anterior cruciate ligament (ACL) of
the knee between artificial and wooden floors in
team handball and found higher ACL risk for
female players on artificial floors. The influence of
floor type on injury risk has not been investigated
in floorball.

Although growing in popularity, floorball is a
sports known to produce lots of injuries, the knee
and ankle being the most commonly injured sites.””
1° Use of artificial surfaces has increased in floorball
venues in recent years, and this may partly explain
the growing injury rate in this sports.” ' The
purpose of this prospective study was to compare
the incidence of traumatic floorball injuries
between two surfaces: artificial floors and wooden
floors.

METHODS

Participants

Female players (n=331) were recruited from 26
Finnish top level floorball teams (Elite league and
First division). The study arrangements in each
participating team confirmed that the coach and
contact person of the team agreed to co-operate
with the research group. A contact person and
coach told the players about the upcoming
investigation before the follow-up period started.
Final participation was based on the informed
consent of each player.

All players who were injury- and symptom-free
at the onset of the study completed a questionnaire
about background information including anthro-
pometrics, previous injuries, floorball experience
and training participation. Table 1 shows the
baseline characteristics of players.

Exposure registration

Each player wrote-up her active floorball game
time hours in her personal exercise diary. Exposure
time was counted for both floor types: active game
hours on artificial floors and on wooden floors.
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Table 1 Characteristics of players (n = 331)
Characteristic Mean SD
Age (years) 25.5 5
Height (cm) 166

Weight (kg) 61.5 6.5
Floorball experience (years) 7 3
Training per week (h) 5 2

Information on the floor type (parquet or artificial floor) at each
game was given by the Finnish Floorball Federation. All teams
played on both playing surfaces during the season.

Injury registration

All injuries were registered with a structured questionnaire.
Table 2 gives details about the questionnaire. After each follow-
up month, the contact person collected the questionnaires and
diaries, and mailed them to the research group. The study
physician, in turn, contacted the injured player after every new
injury and checked the accuracy and consistency of the
completes questionnaire. Additionally, once per month the
researchers contacted the teams to check the completeness and
coverage of the registration concerning new injuries.

Injury definitions

An injury was defined as any traumatic injury occurring during
a regular Elite league or First division floorball game making the
player unable to participate a game or practice session during
the following 24 h. Injuries occurring in practices or in other
games (eg, European cup, National cup, junior games or
tournaments) were excluded. The severity of injury was defined
according to Ekstrand and colleagues: minor injury, an injury
causing absence from practice of 1-7 days; moderate injury, an
injury causing absence from practice of 8-28 days; major injury,
an injury causing absence from practice of more than 28 days.?

Drop-outs during the study

Seventeen players (5%) dropped out during the study period:
nine stopped playing floorball for an unknown reason and eight
because of severe injury. In addition, two new players were
included in the study in the middle of the season, immediately
after they started to play floorball in the participating teams.
Data from these players who dropped out or joined in during
the study were included in the analyses for the time they
participated.

Table 2 Injury data collected in the standardised questionnaire
1. Age

2. Team name

3. Division

4, Date of injury

5. Name of the venue where the injury occurred

6. Type of game

7. Field position when the injury occurred

8. Type of the floor when the injury occurred (parquet, artificial)
9. Injury location

10. Injury type

1. Cause of the injury (how the injury occurred)

12. Treatment for the injury

13. Time-loss from practices/games (how many days)

14. Diagnosis of the injury (made by a physician)
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Statistical analysis

Analyses were performed with STATA, version 8.2 (2004; Stata
Corporation, Lakeway Drive, TX, USA). The injury incidence
was expressed as the number of injuries per 1000 h of playing
and presented with 95% Cls. The incidence rate ratio (IRR) was
defined as the rate of injury on the artificial floors versus the
rate of injury on the wooden floors. The unadjusted and
adjusted IRRs were obtained from a Poisson model. A p value
<0.05 was considered significant. Age-adjustment was used in
statistical analyses on the grounds of somewhat different
exposure times on the two floor types in different age groups.
Other adjustments were done by body mass index, training
volume, floorball experience and previous injuries.

RESULTS

Exposure and injuries during the season

A total of 230 floorball games were evaluated for floorball
injuries sustained while playing on artificial floors or wooden
floors. The game exposure on wooden floors was 971 game
hours versus 601 game hours on artificial floors. During the
season, 51 players sustained 62 traumatic injuries in regular
league games. Seven players had two injuries and two players
had three injuries during the season. The average age of the
injured players was 26 (SD 5) years. The total injury rate was
39.4 (95% CI 30.7 to 50.6) per 1000 game hours.

Comparison between two floor types
Of the total of 62 injuries, 36 injuries occurred on artificial floors
and 26 on wooden floors. The injury incidence per 1000 game
hours was 59.9 (95% CI 43.2 to 83.0) on artificial floors versus
26.8 (95% CI 18.2 to 39.3) on wooden floors. Unadjusted IRR of
all traumatic injuries was 2.2 (95% CI 1.4 to 3.7, p = 0.002) on
artificial floors compared with that on wooden floors.

Unadjusted lower limb IRR was 2.1 (95% CI 1.2 to 3.7,
p = 0.012) on artificial floors versus wooden floors. Unadjusted
IRR of the most severe injuries was 3.6 times higher (95% CI 1.1
to 11.8, p = 0.032) and of non-contact injuries 13.7 times higher
(95% CI 3.2 to 59.4, p<<0.001) on artificial floors. Seven of the
knee injuries on artificial floors (7/8) were severe, while on
wooden floors three severe knee injuries occurred (3/7). ACL
rupture incidence per 1000 game hours was 5.0 (95% CI 1.6 to
5.5) on artificial floors versus 2.1 (95% CI 0.5 to 8.2) on wooden
floors. Unadjusted ACL rate ratio was thus 2.4 (95% CI 0.4 to
14.5, p = 0.832) for artificial surfaces.

Table 3 shows the injury incidences and adjusted IRR
between the two floor types. The effect of adjustment on the
unadjusted IRR values was small.

DISCUSSION

The aim of the present study was to compare the incidence of
traumatic floorball injuries between two surfaces: artificial floors
and wooden floors. This study showed, for the first time, that the
overall risk of traumatic injury for female floorball playersis twofold
higher on artificial floors than wooden floors. Moreover, the risk for
severe injuries was clearly increased on the artificial surface.

Our study had several strengths. The information was
collected prospectively producing good coverage of injuries
and high accuracy of exposure times. The study physician
interviewed the injured players and checked the accuracy of
individual injury information. Each player kept a diary on her
personal playing periods for each game, and information on the
floor type (parquet or artificial floor) at each game was given by
the Finnish Floorball Federation.
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Table 3 Number and incidence (per 1000 playing hours) of injury and adjusted IRR for two floor types

Artificial floors

Wooden floors

n Incidence n Incidence IRR" p Value
All traumatic injuries 36 59.9 (43.2 to 83.0) 26 26.8 (18.2 to 39.3) 2.1 (1.2 to 3.5) 0.005
Injury location
Lower limb 27 44.9 (30.8 to 65.5) 21 21.6 (14.1 to 33.1) 2.0 (1.1 to 3.5) 0.022
Ankle 8 13.3 (6.7 to 26.6) 6 6.2 (2.7 to 13.7) 2.3 (0.8 to 6.6) 0.138
Knee 8 13.3 (6.7 to 26.6) 1 7.2 (3.4 to 15.1) 1.8 (0.6 to 5.1) 0.264
Spine and trunk 3 5.0 (1.6 to 15.4) 4 4.1 (1.5 to 10.9) 1.1 (0.2 to 5.0) 0.919
Head and neck 4 6.7 (2.5 to 7.7) 1 1.0 (0.1 to 7.3) 5.7 (0.6 to 53.6) 0.126
Upper limb 2 3.3 (0.8 to 13.3) 0 - - -
Injury type
Sprain 17 28.3 (17.6 to 45.5) 13 13.4 (7.8 to 23.0) 2.0 (0.9 to 4.1) 0.065
Strain 7 11.6 (5.5 to 24.4) 3 3.1 (1.0 to 9.6) 3.7 (0.9 to 14.6) 0.062
Contusion 8 13.3 (6.7 to 26.6) 8 8.2 (4.1 t0 16.4) 1.4 (0.5 to 3.8) 0.526
Fracture 0 - 2 2.1 (0.5 t0 8.2) - -
Concussion 2 3.3 (0.8 to 13.3) 0 - - -
Nerve lesion 1 1.7 (0.2 to 11.8) 0 - - -
Laceration 1 1.7 (0.2 to 11.8) 0 - - -
Injury situation
Contact 19 31.6 (20.2 to 49.6) 24 24.7 (16.6 to 36.9) 1.2 (0.6 to 2.2) 0.578
Non-contact 17 28.3 (17.6 to 45.4) 2 2.1 (0.5 to 8.2) 12.5 (2.9 to 54.9) 0.001
Injury severity”
Minor 16 26.6 (16.3 to 43.4) 17 17.5 (10.9 to 28.2) 1.4 (0.7 to 2.9) 0.315
Moderate 1" 18.3 (10.1 to 33.1) 5 5.1 (2.1 to 12.3) 3.3(1.1t0 9.7) 0.029
Major 9 15.0 (7.8 to 28.8) 4 4.1 (1.5 t0 11.0) 3.3 (0.9 to 10.9) 0.052

Injury incidence and adjusted IRRs are given with 95% Cls. IRR is obtained from Poisson model (p value from the z test). Significance level was <0.05.
*IRR for artificial floors versus wooden floors. The IRR was adjusted for age, body mass index, training volume, floorball experience and previous injuries.
Flnjury severity: minor = time-loss 1-7 days, moderate = 8-28 days, major = more than 28 days.

The present study confirmed previous findings suggesting
that high friction on artificial surfaces is an important risk
factor for traumatic injuries. Powell and Schootman® compared
the injury rates between natural grass and AstroTurf surfaces in
American football. They observed that the risk of knee ligament
injuries is slightly increased on artificial turf (incidence density
ratio = 1.13; 95% CI 1.00 to 1.27).

Orchard and Powell expanded the findings of Powell and
Schootman by comparing injury rates between natural grass
and AstroTurf surfaces in various weather conditions." There
was a reduced risk of ankle (relative risk = 0.69; 95% CI 0.58 to
0.83) and knee (relative risk = 0.77; 95% CI 0.66 to 0.91) sprains
on natural grass compared with artificial turf. They also showed
that cold weather is associated with lower knee and ankle injury
risk in both natural grass and AstroTurf outdoor stadiums,
probably because cold weather produced lower friction.

We compared injury incidences between two different floor
types, which clearly differ from each other in the covering
materials and friction properties. However, it must be taken into
consideration that all the wooden floors and artificial floors are not
similar. Freshly varnished and clean wooden floors can have higher
friction than their older dusty counterparts. Also, friction between
different artificial floors may vary. In general, however, the
artificial floors clearly have higher friction than wooden floors.®

A second limitation of our study was that we did not have exact
information on players’ shoes, although it is known that four to five
main shoe brands cover the market in floorball, and the players used
the same shoes on both floor types. Ideally, each shoe model should
be tested on different surfaces for exact information on friction.

Previous studies on surface-related injuries have focused mostly
on outdoor sports. However, it is a well known fact that the risk of
knee and ankle ligament injuries is especially high in indoor team
sports such as basketball, team handball, volleyball and floor-
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ball.” ** 7 Today plastic matting surfaces are commonly used in
indoor sports venues, but the influence of different surfaces on
injury rate in indoor team sports has scarcely been studied. As
mentioned, Olsen and colleagues® compared ACL injury rate
between artificial and wooden floors in team handball and found
more than twofold higher ACL risk for female players on artificial
floors (odds ratio = 2.35; 95% CI 1.09 to 5.07). Our findings were
similar. It seems that the shoe—surface interaction can be a
considerable extrinsic risk factor for traumatic injury of lower limbs.

In this context it is, however, important to keep in mind that
injuries in pivoting sports, particularly of the knee and ankle, are

What is already known on this topic

» Floorball is a sport that often results in traumatic injuries, the
knee and ankle being the most commonly injured sites.

» High friction has been suggested to be an important risk factor
of traumatic injuries in pivoting sports such as American
football or team handball.

» Use of artificial surfaces has increased in floorball venues in
recent years. However, the influence of floor type on injury risk
has not been investigated in floorball.

What this study adds

» The incidence of traumatic floorball injuries is two times higher
on artificial floors than on wooden floors.

» The risks for non-contact and severe injuries were 12-fold and
threefold higher, respectively.
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seldom a result of any single risk factor. Greater and more
precise information on sports-specific risk factors, including
measurements of friction characteristics and injury mechan-
isms, are needed for effective injury prevention.

CONCLUSION

The present study showed that the risk of traumatic injury among
female floorball players is twofold higher when playing on
artificial than wooden floors. Moreover, the rate of severe injuries
was especially high on artificial floors. To control the increasing
burden of injuries in pivoting sports, the role of shoe-surface
friction in injury aetiology should be better acknowledged.
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Neuromuscular training and the risk of leg injuries in female
floorball players: cluster randomised controlled study

Kati Pasanen, researcher," Jari Parkkari, chief physician,” Matti Pasanen, statistician,? Hannele Hiilloskorpi,
researcher,’ Tanja Makinen, physician," Markku Jarvinen, professor,* Pekka Kannus, chief physician®

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) inthe intervention group and 201 (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.'
Participation in competitive and recreational sports,
however, increases the risk of injury.?

Acute injuries of the legs, especially those affecting
the ankle and knee joints, are a common and serious
problem in pivoting team sports®” 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 easily®®’ and severe knee injuries often
lead to the early development of osteoarthritis.'*"!

Several studies have shown that a neuromuscular
training programme can reduce the risk of ankle and
knee injuries among athletes,"*'® whereas intervention
studies found no decline in risk of injury in the training
group.'?*® A problemininterpreting these resultsis that
the methodological quality of the interventions has
been heterogeneous.*!

Floorball has become a popular sport in Europe
during the past decade.®®*** It can be described as
hockey played indoors on a court (20 m x 40 m)
surrounded by a low board. Floorball results in many
injuries, with the knee and ankle joints being the most
commonly affected sites®****; 59% of acute ankle
injuries and 46% of acute knee injuries occur through
non-contact mechanisms.* 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 ** we estimated an incidence of 0.6 leg injuries
per person year. Our power calculation for this cluster
randomised study was based on the assumption that we
would detect a 50% reduction in the incidence of leg
injuries, from 0.6 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
minimum of 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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Neuromuscular training programme

Running exercises (5-7 minutes)

Each training session starts with two minutes’ jogging (20 m distance back and forth), then
three to four minutes of eight running technique exercises, which are listed below (1 or 2
repetitions each of 20 m distance). The running exercise session ends with a speed run (2-3
repetitions of 20 m distance)

Carioca running

Sideways gallop

Zigzag running forward

Zigzag running backwards

Skipping

Walking lunges x 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)—2-3x8-10 for right leg and 8-10 repetitions for left leg
Balance exercise with medicine ball

Single leg (right and left)—2-3x4-6 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—2-3x20-30 seconds

Single leg (right and left): with or without stick or ball—2-3x20-30 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—2-3x3-5 repetitions
Single leg hops (right and left)—2-3x3-5 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)—2-3x8-12 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)—2-3x8-12 repetitions

Single leg (right and left): three alternative exercises (backward and forward hops, lateral
hops, or three dimensional hops)—2-3x4-8 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—2-3x8-12 repetitions
Single leg split squat (right and left)—2-3x4-8 for right leg and 4-8 repetitions for left leg
Nordic hamstrings—2-3x4-8 repetitions

Isometric side and front bridge (right side and front and left side)}—2-3x10-30 seconds for
right side, 10-30 seconds for front, and 10-30 seconds for left side

Cross curl-up (right and left)—2-3x10-20 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)—1-2x20 seconds for right and 20 seconds for left
Kneeling hip flexor stretch (right and left)—1-2x20 seconds for right and 20 seconds for left
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league and first division and second division). We
controlled for floor composition (artificial or wooden)
of the training venue of 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 to do their usual training during the study period;
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
(50x41x6 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. The main point of
each exercise was to focus on proper techniques such as
good posture, neutral zoning of lumbar spine, core
stability, and positioning of the hip and knee, especially
“knee-over-toe.” The aim of the training was to
improve control of the back, knees, and ankles during
sports specific manoeuvres (running, cutting, stopping,
standing) and thereby reduce the risk of injuries.
Players worked in pairs and were 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 20-30 minutes, 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
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Fig1| (a) Balance exercise with medicine ball (assistant stands on two legs and player on one leg:
assistant throws ball to player, who catches ball overhead and returns it below knee); (b) balance
exercise with medicine ball (on one leg players throw and catch ball from side of body); (c) balance
board exercise with stickand ballon one leg; (d) three dimensional leg hops over sticks; (e) leg split
squat; and (f) isometric side and front bridge

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.

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) N 62.6 (8.0) N 633 (8.1
Mean (SD) body mass index (kg/m?) N 22.7 (2.5) N 22.8 (2.4)
Mean (SD) floorball experience (years) 7.1(33.1) 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 injuriest: N N
Ankle ligament - 10 (4) - 12 (6)
Knee ligament 1 (k1) 3(1)
Muscle strain - 8(3) - 3(1)
Overuse N 13 (5) N 13 (6)
Total B 32(13) N 31(15)
Mean (SD) total exposure time (hours) duringi -
seasont:
Training§ B 119.5 30.9) C 117.8(294)
Game( 6.8 (2.3) 6.7 (2.3)
Total 126.3 (32.5) o 124.5 (30.8)

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

1O0ccurring in four months before study.

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

§Hours spent during six months’ follow-up in structured training (floorball and other).
fActive game hours spent during six months’ follow-up in structured floorball games.
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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 Gillquist®: 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
collection but was notinvolved 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 carried out efficacy
analyses to evaluate the potential benefits of high
compliance and adherence to training (high indicating
those teams that carried out the neuromuscular training
at least three times a week during the first intensive
period, atleast twice a week during the second intensive
period, and at least once a week during the
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Intervention group (14 teams; 265 players)

Excluded (9 players with no contract)

Analysed (14 teams; 256 players)

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, and one lumbar disc prolapse.
Data from these players were included in the analyses
for the time they participated.

The players in both groups were similar for age, body
mass index, experience of floorball, and scheduled
hours spentin training and play (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
than during the second periods (table 3). Irrespective of
adherence to the intervention, all teams continued data

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)

!

l
l

|

Control group (14 teams; 210 players)

|

Excluded (9 players with no contract)

|

Analysed (14 teams; 201 players)

Fig 2| Flow of teams and players through study
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Table 2| Compliance of female floorball teams (n=14) receiving
neuromuscular training intervention

Mean (SD, range) volume of

Variable training

No of training sessions* 31(12, 2-45)
% of players attending training B 69 (15, 42-96)
Duration (minutes) of training - 24 (4,19-32)

session

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

collection to the end of the study. Some of the playersin
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
25019 hours of training and play and 102 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
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Table 3| Number (percentage) of female floorball players in intervention group participating in scheduled neuromuscular training

during each training period

Frequency of training First training period

Second training period

sessions Intensive (6 weeks) Maintenance (8 weeks) Intensive (4 weeks) Maintenance (8 weeks)
1-3 times weekly 211 (82) 182 (71) 110 (43) 119 (46)
2or3times monthly 9(4) N 30 (12) - 16 (6) 37 (15)

<1 monthly N 10 &) 16 (6) - 41(16) 25 (10)

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

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

group that received usual training, the intervention
group had significantly fewer injuries. A reduced injury
rate was found overall for leg injuries as well 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 injuries'*"® 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."
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.”” 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 floorball®* 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, as with all other team sports, 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 4| Number (percentage) of female floorball players in control group (usual training) who did neuromuscular training during

study period
Type of neuromuscular training
Frequency of training Running
sessions techniques Balance board Plyometrics* Strength trainingt
1 or 2 times weekly 67 33) 14 (7) 40 (20) 62 (31)
2 or 3 times monthly 5108 N 94 N 3y N 55 (27)
<1 monthly san 2804 4808 2804
None 4@y 100 7065  56(8)
Total 201 (100) 201 (100) 201 (100) 201 (100)

*Jump and hop training.
tDouble or single leg squats.
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Table 5| Numberand incidence (per 1000 practise 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)

Intervention group Control group
(n=256) (n=201) Unadijusted Adjusted
Incidence (95% Incidence (95% incidence rate incidence rate P
Injury type No (o)} No cn ICC ratio (95% Cl) Pvalue ratio* (95% CI) value
Non-contact leg 20 0.65(0.37t01.13) 52 2.08(1.58t02.73) 0.041 0.31 (0.17 to <0.001 0.34 (0.20 to <0.001
- - B B 0.58) B B 0.57) B
Ligament 15 0.48(0.27100.84) 38 1.52(1.10t02.09) 0.033 0.31 (0.16 to <0.001 0.35 (0.19 to 0.001
- - - - - - 0.60) - 0.64) -
Ankle ligament 8 0.27(0.11t00.64) 27 1.10(0.71t01.70) 0.059 0.24 (0.09 to 0.005 0.28 (0.12to 0.004
0.65) 0.67)
Knee ligament 7 0.22(0.10t00.45) 11 0.44(0.24t00.80) 0.004 0.49 (0.19 to 0.143 0.49 (0.18 to 0.155
1.27) 1.31)
Muscle strain 5 0.15(0.06t00.37) 14 0.57(0.29t01.12) 0.040 0.26 (0.09 to 0.009 0.40 (0.12 to 0.134
0.72) 1.32)

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.

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 injury was lower among those teams that
trained regularly.

Although severe knee ligament injuries, particularly
injuries of the anterior cruciate ligament, are of 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). Itis
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

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%

Therisk 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

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 erred on the side of 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
and players had good knowledge of 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 injury mechanisms, the training programme could
be effective in floorball in general including players
that are male, 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, aneuromuscular 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.
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ABSTRACT

Objective: To investigate whether a six-month neuromuscular warm-up programme could improve
muscle power, balance, speed, and agility.

Design: Cluster randomised controlled study.

Setting: 27 top level female floorball teams in Finland.

Participants: 222 players (mean age 24 years) — 119 in the intervention group and 103 in the
control group were followed up for one league season (six months).

I ntervention: A neuromuscular warm-up programme included sports specific running technique,
balance, jumping, and strengthening exercises. The teams were advised to use the programme 1-3
times per week through the league season. One training session took approximately 25 minutes.
Main outcome measures: Performance tests were assessed before and after the six-month
intervention including static jump, countermovement jump, jumping over a bar, standing on a bar,
and figure-of-eight running.

Results: At six months, we found statistically significant between-groups differencesin two
outcome parameters: jumping over a bar (number of jumpsin 15 sec), and standing on abar
(number of balance lossesin 60 sec). Mean between-groups difference in the former was 2.3 jJumps
(95% CI 0.8 to 3.8, p=0.003) favouring the intervention group, and in the latter -0.4 balance losses
(95% CI -0.8 t0 0.0, p=0.050), again in the favour of the intervention group.

Conclusion: A neuromuscular warm-up programme improved the floorball players’ sideways
jumping speed and static balance. The exercises were also safe to perform and can thus be
recommended for weekly training of floorball players.

Trial registration: The International Standard Randomised Controlled Trial Register, the
registration number ISRCTN26550281.
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INTRODUCTION

Floorball is afast and intensive indoor team sport that is played on a court (20x40m) surrounded by
alow board. Game can be characterised by many quick-moving situations such as sudden speed-
ups, stops and turns, and contacts with other players. During these rapid movements the risk for
ligament injuries of the knee and ankle is clearly increased -

In view of these findings, fitness requirements for floorball players are quite extensive. A player
should be in good physical condition including adequate cardiovascular fitness for interval running,
and excellent musculoskeletal fitness for sports specific fast motions. Therefore, enhancing and
maintai ning aerobic and anaerobic capacity, and neuromuscular performance (muscle strength and
power, as well as body balance and coordination), are the keys to successful and injury-free sports
career.

Thus, it is not surprising that training programmes for preventing sports injuries typically consist of
neuromuscular exercises including agility, balance, jumping and strengthening components 22, The
training programmes have been designed to enhance players’ body control and motor skills for
sports specific rapid movements, and thereby improve lower extremity biomechanics and reduce the
injury risk %2,

Thisstudy is a part of alarge randomised floorball injury prevention trial *. The neuromuscular
warm-up programme was designed to improve the running and jumping techniques, balance, and
body control among Finnish top level female players. In the primary analysis of the trial, the
programme proved to be effective in preventing non-contact leg injuries /, but the training effect on
players’ musculoskeletal performance was not assessed. In the present analysis we examined
whether this systematic neuromuscular warm-up programme enhanced players' muscle power,
balance, speed and agility.
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METHODS

28 female floorball teamsin Finland participated in the intervention study that extended from
September 2005 to February 2006. During the summer 2005 we first arranged the baseline test
schedule with the participating teams, and then in August 2005 the tests were performed at the
training venue of each team. The tests were repeated on February 2006. The study was approved by
the Ethics Committee of the Pirkanmaa Hospital District, Tampere, Finland.

Participants and randomisation

All healthy players who appeared on the baseline tests and who were official members of the
participating teams were included in the study. Final participation was confirmed by the informed
consent of each player. 347 players from 28 teams were tested during August 2005. Stratified
cluster randomisation to the intervention teams and control teams was performed at three league
level (Elite league, 1% division and 2™ division) using ateam as the unit of randomisation. The
statistician (MP) who ran the computer-based randomisation was not involved in the intervention.
Teams allocated to the intervention group were informed about the upcoming warm-up programme
for preventing injuries. Teams in the control group were asked to do their usual training during the
entire study period.

| nter vention programme

The neuromuscular warm-up programme consisted of four different types of exercises: 1) running
technique exercises, 2) balance and body control exercises, 3) jumping exercises, and 4)
strengthening exercises to the lower limbs and trunk. The neuromuscular training was carried out
like awarm-up session just before floorball exercises, with low-to-moderate intensity for each
exercise type. One warm-up session lasted 20-30 minutes, each exercise type taking about five to
seven minutes. The teams were asked use the programme 1-3 times per week during the study
period. An exact description of the intervention programme has been published previously .

Test battery

The baseline and follow-up tests were performed during atraining hour of each team in their own
training venue. Six blinded research physiotherapists carried out the tests. Before the tests, the
players warmed up 5 minutes by jogging on afloorball court. The test battery included five
performance tests, and they were performed in the following order:

Static jJump and countermovement jump

Two different types of vertical jump tests were performed: a static jJump and a countermovement
jump . Both tests measured the maximal vertical jump height (cm): ie, the muscle power of the
extensor muscles of the lower extremities. The electronic apparatus (New Test Powertimer, New
Test, Oulu, Finland) including the contact mat computed the height of the jump (cm) by measuring
the flight time with a digital timer. In the static jump the subject was asked to jump as high as
possible on the contact mat, starting the jump from a static squatting position with a 90 degrees
knee angle. In the counter movement jump the subject started ajump from standing upright and then
making a countermovement (squat) before the vertical jump. In both jumps the best result of three
trials was used in the analyses.
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Jumping over a bar

The jumping over a bar test was used to assess the players’ maximal jumping speed *°. The subject
was asked to do repeated sideways jumps as quickly as possible over afoamed plastic bar (length
50 cm, width 4 cm, and height 4 cm) that had been placed on the ground. The jumping time was 15
seconds and number of properly done two-leg jumps was recorded (i.e. one-leg steppings and jumps
touching the bar were excluded). The stopwatch was started simultaneously with the starting signal
and the ending signal finished the test. The better result from two trials was used in the analyses.

Standing on a bar

The standing on a bar test measured one-leg static balance *°, the test thus measuring person’s
ability to control the stationary one-legged standing position. The subject was asked to stand with
her dominant leg on a narrow bar (width 2cm, height 4cm, and length 50cm) for one minute. The
stopwatch was stopped every time the subject touched the floor with the free foot and restarted
when the balanced position was achieved again. The number of balance losses (and thus restarts)
was the studied variable. The subject was allowed to use her unsupported arms for balance. The
dominant leg was tested only once.

Figure-of-eight running

The figure-of-eight running test measured running agility *®, the test measuring person’s ability to
move, accelerate, decelerate, and chance direction effectively and quickly in a controlled manner.
The subject was asked to run as fast as possible afigure-of-eight course. The course was marked
with two vertical cones placed ten meters apart and the start/finish line was next to the first cone.
The stopwatch was started simultaneously with the subjects’ takeoff and was stopped when the
subject completed the course and crossed the finish line. The time was recorded in seconds. The
better result of two attempts was recorded.

Data collection

At baseline, players completed a questionnaire about background information including
anthropometrics, previous injuries, floorball experience and preseason training volume. During the
six-month study period, each team coach wrote-up players’ scheduled practice and game hours on
an exercise diary. In addition, the educated warm-up instructors kept a diary about the scheduled
warm-up sessions in the intervention teams. Also possible injuries were recorded. After each
follow-up month, the coach and instructor mailed the filled diaries to the UKK Institute.

Statistical analysis

The differences of follow-up test means (static jump, countermovement jump, jumping over a bar,
standing on a bar, and figure-of-eight running) between two study groups (control vs. intervention)
were analysed by multilevel regression models taken into account the hierarchical structure of data
due to cluster randomisation. Adjustments were done by individual level (baseline test result, age,
floorball experience, playing position, and number of orthopaedic operations), and team level
(league level). Analyses were performed according to theintention to treat (ITT) principle. In
addition to the ITT analyses, efficacy analyses were conducted to evaluate the potential benefits of
high training compliance and adherence (high indicating the players who carried out the warm-up
exercises at least once aweek during the 6-month follow up). A p value <0.05 was considered
statistically significant. The MLwiN (version 2.02) software package was used for statistical
analyses.
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RESULTS

Study population

Figure 1 gives details of the flow of teams and players through the study. Altogether 345 players
and 28 teams were randomised. Of these, 123 players (36%) dropped out of the study, leaving 222
players and 27 teams for current analysis. Table 1 shows the characteristics of players in the two
groups. No significant differences were found between the groups in baseline characteristics.

Table 1 Characteristics of players in two groups, given as mean (standard deviation)

Characteristic I ntervention group Control group
(n=119) (n=103)

Age, yrs 242 4.2 233 (5.3
Height, m - 1654 49 1671  (56)
Weight, kg 626 85 637 (75
'BIMI', kg/rhz e B @7 BT BTy

Floorball experience, yrs 74 (3.2 6.9 3.2
Preseason training, hours per week* - 80 (31 - 78 (35
Training and playing, hoursduringthe seasont 133 B 126 (300
- Training hours % 126 (34) 119 (28

" - Playing hours 71 23 70 (2.2)

* Hours per week spent in sports during four months before sudy

+ Hours spent during the six-month follow-up in structured floorball training and playing

¥ Hours spent during the six-month follow-up in structured floorball training (floorball and other training, including
intervention training)

+t The active game hours (ie, the true playing minutes) in the official floorball games during the six-month follow-up

Training activity

Concerning the training compliance of the measured 13 intervention teams, five teams did the
warm-up programme according to the plan, six teams had some irregularitiesin training, and two
teams interrupted training during the follow-up. 71 players (60%) from intervention group
participated in structured warm-up sessions at least once aweek during the study season, 28 players
(23%) trained irregularly, and 20 players (17%) stopped training before the midpoint of the follow-
up. No injuries occurred in the intervention group during the warm-up sessions. Concerning the
control teams, forty players (39%) had done weekly some of the intervention exercises as a part of
their usua training.

Performance tests

The data on the five outcome parameters and results of multilevel analysis are presented in Table 2.
At six months, both groups showed improvements in all performance tests. Statistically significant
between-groups differences were found in two outcome parameters; i.e., jumping over abar
(number of jumps in 15 sec), and standing on a bar (number of balance lossesin 60 sec). Mean
between-groups difference in the former was 2.3 jumps (95% CI 0.8 to 3.8, p=0.003) favouring the
intervention group, and in the latter -0.4 balance losses (95% CI -0.8 to 0.0, p=0.050) again in the
favour of the intervention group. Improvements in the other outcomes did not differ significantly
between the two groups.

In efficacy analysis between high compliance players (n=71) and control group (h=103) we found
parallel results like in the main analysis (Table 3). In jumping speed the adjusted mean difference
between high compliance players vs. control group was 1.1 jumps (95% CI -0.1 to 2.3, p=0.08), and
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in static balance test the adjusted mean difference was -0.4 balance losses (95% CI -0.9t0 0.1,
p=0.10).

Table 2 Baseline and follow-up test means and adjusted mean difference between two groups

Baseline test Follow-up test M ean difference*
mean (sd) mean (sd) estimate 95% CI p Value

Static jump (cm)
Control group (n=103) 26.4 (4.3) 28.8 (4.2)
Intervention group (n=115) 27.8 (4.7) 30.1 (5.3) 04 -0.6t01.5 0.43
Countermovementjump (cm) o o ‘ ) o
Control group (n=103) 28.1(4.1) 308144
Interventl on group (n= 115) 29.7 (5.0) 320 (5.1) 0.2 -0.8t01.2 0.70
Jumplng over a bar o I
(no.of jumpsin 15sec) o B
Control group (n=102) 434 (3.8) - 457(46)
Interventl on group (n= 114) 43.6 (3.9) 479 (5.4) 23 0.8t03.8 0.003
Standlngon a bar o I
(no. of balance losses in 60 sec) o R
Control group (n=102) 14(2.2) 1321
Interventl on group (n= 118) 1.6 (2.8) 1.0(1.8) -04 -0.8100.0 0.050
Flgureof e|ght runnlng( ) o I
Control group (n=100) 5.57 (0.30) 5.53 (0.29)
Intervention group (n=114) 5.55(0.28) 5.49 (0.28) -0.01 -0.06 t0 0.04 0.58

Significance level was <0.05.

* Adjusted mean difference between the intervention group and control group. Adjustments were done at individual
level (baseline test result, age, floorball experience, playing position, and number of orthopedic operations) and team
level (league). The cluster randomization was taken into account in the dataanalysis.

Table 3 Efficacy analysis: baseline and follow-up test means and adjusted mean difference between
high compliance players and control group

Baseline test Follow-up test M ean difference*
mean (sd) mean (sd) estimate 95% Cl p Value
Staticjump (cm) . R
Control group (n=103) 26.4 (4.3) 28.8 (4.2)
High compliance (n=68) 28,5 (5.0) 30.7 (5.7) 05 -0.7t01.8 0.39
Counter movement jump (cm) o o
Control group (n=103) 28.1(4.1) 308144
High compliance (n=68) 30.5(5.3) - 324(56) 0.2 -08t01.2 1.36
Jumping over a bar
(no. of jumpsin 15 sec)
Control group (n=102) 434 (3.8) - 457(46)
ngh oompllance (n= 68) 44.1 (4.0) - 47149 11 -0.1t02.3 0.08
Standing on a bar
(no. of balance lossesin 60 sec) - -
Control group (n=102) 14(2.2) 1321
ngh oompllance(n 71) 1.6(2.8) 091 n -04 -091t00.1 0.10
Figure-of- elghtrunnlng( ) o o
Control group (n=100) 5.57 (0.30) 5.53 (0.29)
High compliance (n=66) 5.50 (0.27) 5.47 (0.28) -0.01 -0.07 to 0.05 0.75

Significance level was <0.05.

* Adjusted mean difference between the intervention group and control group. Adjustments were done at individual
level (baseline test result, age, floorball experience, playing postion, and number of orthopedic operations) and team
level (league). The cluster randomization was taken into account in the data analysis.
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DISCUSSION

Participation in a structured six-month neuromuscular warm-up programme designed to enhance
players’ motor skills and prepare the body to upcoming floorball training turned out to improve
static balance and sideways jumping speed in female floorball players. Concerning changesin
vertical jumps and running speed and agility, there were no differences between intervention and
control groups.

Neuromuscular training

Some studies have shown that neuromuscular training is likely to enhance athletic performance **2
and thereby improve lower extremity biomechanics and reduce injurious forces. The used
programmes differ in type, intensity, frequency, and duration, and this fact probably has a
remarkable effect on measured outcomes. Hewett and colleagues *° investigated effects of six weeks
intensive and progressive jump and weight training program on landing mechanics and lower limb
strength in female athletes. The training session lasted about two hours and it was repeated three
times aweek. After the training period, landing forces from jump decreased and knee control
increased among the trained female athletes. In addition, vertical jJump height and hamstring-to-
guadriceps muscle torque ratios increased in the trained group.

Chimera and co-workers ™ evaluated the effects of jump training on muscle-activation strategies
and performance of lower extremity during six weeks intensive plyometric training period.
Experimental group of female athletes performed jump exercises two times per week and one
training session took about 20-30 minutes. They found significant increase in preparatory adductor
muscle firing, adductor-to-abductor muscle co-activation and quadriceps-to-hamstring muscle co-
activation in the intervention group. Findings supported the importance of hip-musculature
activation strategies for lower extremity control, which interact in biomechanics and reduce harmful
forces.

Emery et al.”” studied effectiveness of home-based balance-training programme among male high-
school students. The training programme included two- and one-legged balance exercises with
wobble board and trunk stabilization exercises. Students were advised to use balance-training
programme daily for six weeks, one training session lasted about 20 minutes. Balance test battery
included static balance test (one-legged standing on the floor) and dynamic balance test (one-legged
standing on the balance pad). Improvements in static and dynamic balance during the follow-up
were significantly greater in the intervention group than in the control group.

Our neuromuscular training programme included running technique, balance, jumping and
strengthening exercises with several variations, and it was designed to replace the traditional warm-
up before structured floorball training. The intensity in each exercise was low-to-moderate.
Therefore it was obvious that this training might not improve all measured outcomes. The
programme did not, for example, include exercises which aim to improve maximal vertical jump
height. Systematic strength and power training, such as the onein Hewett et a’s study *°, are
needed to improve muscle power. On the other hand, it was logical that warm-up exercises
enhanced static balance and sideways jumping performance because every warm-up session
included different variations of one-legged standing and rebound jump series.

Though these warm-up exercises did not improve all of the measured outcomes, we feel that they
should be practiced before sports-specific training since they have been shown to be effective in
injury prevention *2. In the primary analysis of our large injury prevention trial the greatest
reduction was found in ankle ligament injuries’. Thus, improvements in players’ jumping speed and


http://bjsm.bmj.com

9

static balance are likely to indicate improvements in ankle control and muscle function of the lower
legs.

In efficacy analysis we did not found greater improvements among the high compliance players.
However, it is noteworthy that the high compliance players (n=71) had slightly better baseline test
results than other intervention group, which may intend that those regularly trained players may
have higher training volume, better condition and neuromuscular performance in general. At the
same time, those players who had lower baseline results had improved their neuromuscular
performance by quite small amount of training. This may indicate that improvements in jumping
speed and static balance are very easy to attain at the initial stage of training or among novice
players, even with irregular training.

The main point in diverse warm-up exercises isto activate athletes’ proprioception and motor
control, and thereby prepare the neuromuscular system for upcoming sports training. If upcoming
sport training or playing includes for example one-legged movements, upper body rotations and
running in different directions, it would be reasonable to practi ce those manoeuvres during the
warm-up session. Systematic warm-up exercises are also excellent way to learn and maintain motor
skills for each sport. On this account, in the present intervention the main point in each exercise was
to focus on proper technique, such as good playing posture, neutral zone of lumbar spine, trunk
stability, and position and function of the hip, knee and foot (especially “knee-over-toe” paosition)
during the sports-specific manoeuvres.

Test battery

The selected performance tests were done during the teams' training hour on their own training
venue. We chose largely used field tests, which were feasible and easy to perform. In further
intervention studies it would, however, be important to explore more precisely the effects of
neuromuscular training to players' body part movements and muscle activation in sports specific
manoeuvres, because insufficient joint control and side-to-side differencesin lower extremity
performance are associated with increased risk of sports injury®.

Limitations and strengths of the study

Our study had some limitations. First, although the randomization phase, data collection and data
analysis were blinded, for obvious reason neither the coaches nor players could be masked. Second,
though the initial rate to participate the tests was quite high, the general participation rate to the
follow-up tests could have been better (Figure 1). The drop out rate in our study was 36% and this
may have influenced in the results, although the proportion of drop outs was similar in both groups.
In fact, it was a great challenge to arrange suitable testing times for all playersin this amateur sport.
Third, it was also obvious that some players in the control group used similar neuromuscular
exercises as those in the intervention groups, because these exercises are commonly used in sports
training. However, it islikely that the training volume and quality among these controls did not
reach the level of the intervention group and if this partial contamination of the controls biased the
results of the study it erred on the side of underestimating rather than overestimating the effect of
the neuromuscular program.

Besides the limitations, our study also had many strengths. First, a randomized study design was
robust and reduced the potential biases and thus increased the reliability of the results. Second, the
intervention and control groups were similar in baseline characteristics, drop out rate, and training
and playing exposure during the six-month follow-up. Third, the neuromuscular warm-up activity in
the intervention group was good.
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In conclusion, the used neuromuscular warm-up programme was effective in enhancing floorball
players sideways jumping speed and static balance. Besides, the neuromuscular warm-up exercises
were safe to perform and can be thus recommended to be included in the weekly training of this

sport.
Per spectives

Floorball players have an increased risk for non-contact ligament injuries of the ankle and knee.
Fortunately, regular and structured neuromuscular exercises have been proven to be effective in
reducing the risk for such injuries, and therefore, they are also widely recommended and used in
various sports. However, only few studies have analyzed whether and how these exercises affect on
muscul oskeletal performance. The findings of the present study revealed that the neuromuscular
warm-up program improved floorball players’ static balance and sideways jumping speed, and
above all, these exercises were safe to perform. Nevertheless, further studies are needed to clarify
more specifically the effects of different components of the used neuromuscular training. Such
studies should focus on sports-specific changes in motor control, skills and technique.

What is already known on thistopic:

* Non-contact ligament injuries of the ankle and knee are largely preventable by neuromuscular
training, but only few studies have analysed performance tests as the explanatory variables for this
assumption.

What thisstudy adds:

* A neuromuscular warm-up programme that replaced the traditional warm-up improved players
static balance and jumping speed.

* The exercises were safe to perform and can thus be recommended for weekly training of floorball
players.
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Figure 1 Flow of teams and players through the study

Assessed for eligibility:
28 teams;, 477 players

All playerswho had consent to participate in the injury prevention study.

! —

Refused to participate:
130 players did not appear at the
pre-tests
Excluded: 2 players because of
upcoming operation

Agreed to participate:
28 teams; 345 players

l

Randomised:
28 teams; 345 players

!

l

Allocated to intervention:
14 teams; 185 players

Allocated to control:
14 teams; 160 players

Excluded before
the league season:
7 playerswith no
playing contract

—

!

Excluded before
the league season:
— 9 players with no
playing contract

Lossto follow up: 59 players
29 players for unknown reasons,
13 playersfor injury,
2 players for moving to another city,
1 player quit playing,
14 players (one team) could not arrange the

Lossto follow up: 48 players
29 players for unknown reasons,
18 playersfor injury,

1 player for moving to another city

l

post-test time
Analysed:

13 teams; 119 players

Analysed:
14 teams; 103 players
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