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Liikuntavammojen maara on kasvanut viime aikoisadintyneen liikunnan harrastamisen
johdosta, minka seurauksena myos liikuntavammadpggisyn merkitys on korostunut. Ta-
man systemaattisen katsauksen tarkoituksena dstéiivlikuntavammojen ehkaisyyn tahtaa-
vien interventioiden vaikuttavuus.

Tutkimuksia haettiin MEDLINE (1966—-syyskuu 2003)etCochrane Central Register of
Controlled Trials (2005), SPORTDiscus, CINAHL (1982yskuu 2005) ja PEDro tietokan-
noista seka katsausartikkeleiden lahdeluetteldi&gsaukseen hyvaksyttiin satunnaistetut ja
kontrolloidut tutkimukset, jotka kasittelivat liikiavammojen ehkaisya koskevia interventioi-
ta. Kumpikin tutkija suoritti tutkimusten laadurvainnin ja tiedon erittelyn itsenaisesti. Ti-
lastolliset analyysit suoritettiin the Cochrane I@bbrationin Review Manager -ohjelmalla,
versiolla 4.2.8.

Katsaukseen hyvaksyttiin 29 tutkimusta, joissaybteensa 22 933 tutkimushenkilda. Eri lii-
kuntavammojen ehkaisya koskevien interventioidakutasta arvioitiin alaryhmittéin. Poh-
jallisten kaytto (3 tutkimusta/775 tutkimushenkiadhensi alaraajavammoja varusmiehilla
(OR 0.41; 95 % LV 0.16-1.06). Nilkkatukien kayt&i3776) vahensi nilkkavammojen méaa-
raé (OR 0.50; 0.32—0.79) ja rannetukien kaytt6 {20 vahensi rannevammoja (OR 0.25;
0.12-0.51). Myds moni-interventio -ohjelmat (3/2228vat tehokkaita likuntavammojen
ehkaisyssa (OR 0.44; 0.28-0.70). Moni-interverigelmat, joissa osana harjoittelua kaytet-
tiin tasapainolautaa (2/400), vahensivat vammojéandé (OR 0.22; 0.13-0.40), mutta yksi-
naan suoritetun tasapainolautaharjoittelun (4/1¥v@®uttavuus oli heikompi (OR 0.57,
0.25-1.32). Venyttely- ja lammittelyohjelmat (3/2)=®ivat osoittautuneet likuntavammojen
ehkaisyn kannalta vaikuttaviksi (OR 0.99; 0.81-1.23

Tahan systemaattiseen katsaukseen sisaltyvien gaténnaistetun, kontrolloidun tutkimuk-
sen perusteella on nayttoa, etta likuntavammojdaan ehkaista. Pohjalliset, ulkoiset tuet ja
moni-interventiot osoittivat liikuntavammoja ehkégia vaikutusta, mutta venyttely- ja [am-
mittely eivat olleet tehokkaita menetelmia liikuvéanmojen ehkaisyssa. Lisatutkimusta eh-
kaisevista menetelmista tarvitaan eri urheilulajeerri kohderyhmien osalta.

Asiasanat: likuntavammat, ehkaisy, interventio, satunnatstgtontrolloitu, meta-analyysi
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The number of sports injuries has grown because people participate in sports activities
nowadays. At the same time the importance of spjtisy prevention has increased. The
aim of this systematic review is to summarize tfieots of randomized sports injury preven-
tion interventions.

We searched for studies using MEDLINE (1966 to Seybier 2005), the Cochrane Central
Register of Controlled Trials f4quarter 2005), SPORTDiscus, CINAHL (1982 to Seftemn
2005) and PEDro databases and reference list$iciearand reviews. We included random-
ized and quasi-randomized controlled studies inyashg the effects of any sports injury
prevention intervention. We independently assess#djuality and extracted data of studies.
We performed statistical analyses by the Cochrasiakbration’s Review Manager Software
version 4.2.8.

A total of 29 studies with 22 933 participants werduded. The effects of different preven-
tive interventions were assessed in subgroupsles$d studies/775 participants) moderately
reduced lower limb injuries in military recruitso@ed OR 0.41; 95% CI 0.16 to 1.06). Ex-
ternal ankle supports (5/3776) prevented ankleigguOR 0.50; 0.32 to 0.79) and wrist sup-
ports (2/5750) reduced wrist injuries (OR 0.2520td 0.51). Multi-intervention programs
(3/2229) were effective to prevent sports inju(@® 0.44; 0.28 to 0.70). Preventive pro-
grams including balance board training as one corapb(2/400) reduced injuries (OR 0.22;
0.13 to 0.40), but evidence for preventive effeatf trials using balance board training alone
(4/1799) is weaker (OR 0.57; 0.25 to 1.32). Stiietgland warm-up programs (3/3052)
showed no preventive effect (OR 0.99; 0.81 to 1.23)

This systematic review showed evidence from 29@amded controlled trials (RCTs) that
different interventions may prevent sports injuriesere was evidence for that insoles, exter-
nal supports and training programs with differeshponents prevent injuries, but stretching
and warm-up were not effective to reduce sportgie$. More high-quality RCTs in different
sports and populations are needed.

Key words: sports injuries, prevention, intervention, randadizcontrolled, meta-analysis
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1 INTRODUCTION

Participation in sports and recreational activitias increased in recent years because of posi-
tive health and fitness effects (1). As more peggaldicipate in sports more injuries will also
occur as a side effect. It is estimated from 19972999 that seven million Americans re-
ceivedmedical attention for sports and recreational iegirincidence being 25.9 injuries per
1000 population (2). Additionally 4.3 million nomathl sports- and recreation-related injuries
were treated during July 2000 through June 200ospital emergency departments within
the study area in United States (3). The incideridesated injuries was 15.4 per 1000 popu-
lation. These large numbers of sports injuriesaigd economic costs caused by injuries jus-

tifies the importance of the injury prevention (4).

At present many different preventive methods areomemended and applied by sports
participants. Several sports injury prevention radthhave been studied in randomized and
non-randomized studies, but the results of differspecific studies have often been

inconclusive and sometimes contradictory. The Cardr Collaboration, among others,

recommend the randomized controlled trial (RCT)tlas primary acceptable evidence on
treatment outcome, because the most reliable fysdoan be best achieved by using well-
planned RCT designs (5). Evidence from RCTs isossty needed because a significant part

of sports injuries can be avoided by the use @atiffe preventive methods (6).

Some earlier systematic reviews have summarizeceffieets of specific injury prevention

methods based on RCTs and few of them have al8adied other controlled trials. One wider
review of randomized controlled sports injury tsiahcluding different preventive methods
has been published earlier (7). This review did inotude quality assessment of included

trials nor pooled effect estimates of differentyanative methods.

The aim of this systematic review of published @nized controlled trials is to summarize
the effects of sports injury prevention intervenioThe effectiveness of different types of

prevention methods is presented with the help ofgzbodds ratios (ORS).



2 METHODS
2.1 Data sources

Relevant studies were searched using the MEDLINEbdse (1966 to September 2005), the
Cochrane Central Register of Controlled Trial§ ¢liarter 2005), SPORTDiscus, CINAHL
(1982 to September 2005) and the Physiotherapyere& based database (PEDro).
Additionally relevant reviews were searched ancesssd from reference lists and retrieved
articles for possible information on trials of iréet. Keywords in this search were “sports
injuries”, “athletic injuries”, “prevention”, “presntive”, “randomized”, “controlled trials” and
“randomized controlled trials”. All these terms wertombined with each other in different

ways.

2.2 Criteria for study selection

To be selected into this review, a study had teestigate the effects of any preventive
intervention on sports injuries. Due to abstrastdls assessed if the study was potential and
based on full article it was decided if the studstimclusion criteria. Studies were included if
they were randomized, quasi- or cluster randomizedtrolled, and published before October
2005. Additionally the study results had to conttia injury rate or the number of injured
subjects as an outcome, the intervention protoedlaitcome measures of the studies had to
be explicitly described. Studies that most likelgrev not randomized on the basis of study

report and abstracts without full article were exield from this review.

2.3 Data collection

Two reviewers (H.K and S.A) did data selection tbge and then extracted the data
independently. Information on study design, mettaodl intervention, characteristics of
subjects, injury criteria, main outcome and reswtre extracted from each article. Any
disagreements were solved by consensus betweearvievers. If disagreements were not

resolved, two supervisors (A.H., U.M.K) were consdl!



2.4 Assessment of methodological quality

The two independent reviewers (H.K and S.A) asskesise methodological quality of the
included studies using a criteria list recommenbgdvan Tulder et al. (8). Criteria list is
based on Method guidelines for systematic reviewshie Cochrane Collaboration Back
Review Group for Spinal Disorders published in 19%e assessment list consists of 11
criteria: 1.) randomisation, 2.) concealed allamati3.) baseline similarity of the study
groups, 4.) blinding of subjects, 5.) blinding @fre providers, 6.) blinding of assessors, 7.)
cointerventions, 8.) compliance, 9.) drop-out rat,) timing of outcome measures, and 11.)

intention-to-treat analysis. Every criterion wasessed as “yes”, “no” or “don’t know”. Only

“yes” answer scored a point, total score rangingfo to 11.

2.5 Data analysis and synthesis

Statistical analyses of the included studies wemfopmed using the Cochrane
Collaboration’'s Review Manager Software (RevMangrsion 4.2.8 (Oxford, England:
Cochrane Collaboration). The meta-analysis of dimmmus outcomes was calculated by
using a random effect model. Odds ratios (ORs) ®BBb6 confidence intervals (Cls) were
calculated from independent studies and from sulppoORs were calculated by using the
same subject rates as were used in analysis afrigieal studies. Subgroups were combined
on the basis of the similarity of preventive methal@spite the preventive methods were not

always exactly identical and despite other methagiohl heterogeneity of study designs.

3 RESULTS

A total of 32 potential studies were identified,these studies 29 met the inclusion criteria
and were accepted in this review (Appendix 1). Tevahe potential studies (9, 10) were

excluded because of missed adequate randomisatibrore (11) because it was published
after September 2005. Generally most of the indudéerventions seemed to prevent sports
injuries. For the purpose of more precise infororathbout specific intervention methods the
studies were analyzed in four subgroups: insoletreal supports, training programs and
stretching and warm-up programs. Five includedistudould not be pooled because of their

unique preventive intervention method or missirfgrimation about injured study subjects.



The methodological quality scores of the 29 inctldeudies varied from 1 point to 8 points
out of 11 (Appendix 2). A mean score of 3.8 poimas indicated as a poor to moderate
general methodological quality. From the 29 inciidéudies 19 did not clearly describe the
method of randomisation. Only five studies providedfficient evidence that treatment
allocation was adequately concealed. True intertbetneat analysis was performed in 12
studies.

3.1 Insoles

Five of the included studies (total of 2351 sulgg@ssessed the effectiveness of different
insoles to reduce lower extremity injuries (12-18).these five studies, the subjects were
military recruits. Study of Smith et al. (16) hadot different types of insoles and these
interventions were assessed as individual stuBigare 1 shows the effects of four individual
interventions and pooled estimate. Three intere@stshowed to be more effective to prevent
sport injuries than in the control groups (15, &6) one intervention (13) failed to display the
preventive effect. As a pooled estimate of difféfiesoles, the risk of getting injured reduced
59 % in the intervention groups (OR 0.41; 95% Q6o 1.06). Studies of Larsen et al. (12)
and Schwellnus et al. (14) could not be pooled, both study results supported the
preventive effect of insoles (RR 0.70; 95% CI 01601.10 and RR 0.71; 0.56 to 0.92,

respectively).

Review: Prevention of sports injuries

Comparizon, 51 Insoles va control

Outcame: (M Loveer extremity injuries

Study Intervention Contral OR (random) Wieight OR (random)

of sub-categary il s 5% 0l % 95%Cl

01 Inzoles

Milgrom et al 1985 337113 707152 -+ 30.01 0.48 [0.23, 0.81)
Smith et &l 1985 ] 15/24 — 21.09 021 [0.06, 0.74]
Smith et &l 1985h il 15/24 —ai— 15.41 0,10 [0.0F, 0.44]
Milgrom et =l 1992 43/187 44,203 kL s 30.49 L.28 [0.80, 2.08]
Subtotal (35% CI) 344 403 i 100.00 0.41 [0.16, 1.06]
Total everts 31 (Intervention), 144 (Contral)

Teat for heterogenetty: Chi® = 1868, df = 3 (P =00003) F=839%

Test for averalleffect Z=184 (P=007)

om 01 1 10 100

Favours intervention  Favours control

Figure 1 Individual and pooled ORs of insoles



3.2 External supports

In total 3776 subjects used ankle orthosis, bratabjlizers or special shoes as interventions
in five of the included studies (17-21). In study Barrett et al. (20), two different
interventions were analyzed separately. Ankle @ith@l9, 21), ankle stabilizers (18) and
outside-the-boot braces (17) markedly reduced amjlgies. High-top basketball shoes or
high-top basketball shoes with air chambers wert aifde to display preventive effect
compared to low-top basketball shoes (20). In spfteontradictory findings, the pooled

estimate supported the preventive effect of exteainle supports (OR 0.50; 0.32 to 0.79).

(Figure 2.)
Review: Prevention of sports injuries
Comparizon, 52 External suppors vs contral
Outcome: 01 Spaorts injuries
Shudy Irtervention Control OR (randam) Wieight OR (randotm)
ar sub-category i i 95% Cl % 95% (I
01 Ankle suppors
Tropp et al 1985 Z/60 304171 — £.10 0.1 [0.04, 0.701
Barrett ef al 1993 TiE0R 47158 — i — £.EL 1.34 [0.39, 4.66]
Barrett ef al 19930 47203 47158 — 548 0.77 [0.19, 3.14]
Sitler et al 1994 117783 3Es8l2 ol 13.1% 0.31 [0.16, 0.6E]
Surve et al 1994 48/244 75/260 - 18.33 0.60 [0.40, 0.91]
Amaroso et &l 1995 57369 10376 — 7.91 050 [0.17, 1.49]
Subtotal (35% CI) 1873 1938 k3 5649 0.50 [0.32, 0.79]
Total everts: 77 (Intervention), 158 (Control)
Test for heterogenetty; Chi* =788 df =5 (P = 0.18), P = 34.7%
Test for overall effect Z=2.95 (P =0.003)
02 Wrist supparts
Ranining et &l 2001 872515 79/2514 — 11.57 0.27 [0.12, 0.80]
Machold et sl 2002 17342 973739 —_— 2.86 0.1z [0.02, 0.96]
Subtatal (95% CI) 2857 7893 L 14.43 0.25 [0.12, 0.51)
Total everts: 9 (Intervention), 38 (Cortral)
Test for heterogenetty; Chi* =053 df =1 (P =047), F=0%
Test for overall effect Z=3.74 (P = 0.0002)
03 Knee supparts
Sitler &t al 1930 164691 37/708 - 14.7¢ 0.43 [0.24, 0.78]
Subtotal (35% CI) £91 705 < 14.7¢ 0.43 [0.24, 0.78]
Total everts: 16 (Intervention), 37 (Cortral)
Tezt for heterogenetty: not applicable
Test for overall effect Z=2.79 (P = 0.002)
04 Movth guard
Barhic ef al 2003 Zif30e 217308 —— 1432 1.04 [0.56, 1.94]
Sibtatal (95% CI) 308 306 < 14.52 1.04 [0.56, 1.94]
Total everts: 22 (Intervertion), 21 (Cortral)
Tezt for heterogenetty: not applicable
Test for overall effect 7=014 (P =083)
Total (95% CI) 57289 5839 & 100.00 0.43 [0.34, 0.71]
Total events: 124 (Intervetion), 254 (Contral)
Test far heterogenetty: Chi* =17 .51, df = 9(P = 0.04), = 45 6%
Test for overall effect 7 = 3.76 (P = 0.0002)

om 04 1 10 100

Favours irtervention  Favours cortrol

Figure 2 Individual and pooled ORs of external supports



In studies by Machold et al. (22) and Rgnning et28), total of 5750 subjects wore wrist
protectors while snowboarding. In both these irgations wrist protectors showed similar
preventive effect that was associated with markedduced number of wrist injuries (OR
0.25; 0.12 to 0.51). The study of Sitler et al.)(24hich observed the preventive effect of
knee supports on knee injuries among 1396 militagets while playing football, showed
similar preventive results for external support®(@43; 0.24 to 0.78). The effect of special
mouth guard was assessed in study by Barbic &%).in total of 646 university football and
rugby players. Observed concussions did not diffetween the intervention and control
group (OR 1.04; 0.56 to 1.94). (Figure 2.)

The pooled estimate of all evaluated external stpmhowed to reduce the risk of getting
injured by 51 % in the intervention groups (OR 0.434 to 0.71). The ORs of all individual

external support studies and pooled estimatesiaee n Figure 2.

3.3 Training programs

Figure 3 reveals the individual and pooled odd®sanf four studies (total of 1799 subjects)
for balance board training (21, 26—-28). In studigsTropp et al. (21) and Emery et al. (26)
the rate of sports injuries was significantly reglliamong intervention subjects but not in
studies by Verhagen et al. (27) and Soderman €28). Nevertheless, the pooled estimate
favours the use of balance board training but ngnificantly (OR 0.57; 0.25 to 1.32).

Additionally two multi-intervention studies (totaf 400 subjects) of Wedderkopp et al. (29,
30) showed a significant reduction (OR 0.22; 0.432#0) in the number of injuries in the

balance board training groups compared to the abgtoups.

In four studies, multi-intervention prophylacticograms (total of 2409 subjects) were
assessed as interventions (31-34). Pooled odds (Fgure 3) from three studies (31-33)
clearly favours the use of multi-intervention pragis (OR 0.44; 0.28 to 0.70). In study by
Ekstrand et al. (34), it was not possible to caltailodds ratio because of lack of necessary
information. In the original study the authors repd a 75 % reduction of sports injuries,
which also supports the preventive effect of minltervention programs. The pooled estimate
of nine training programs, presented in Figure wed a 59 % reduction in the risk of
getting injured in the intervention groups (OR 0.@24 to 0.69).



Review: Prewention of sports injuries
Comparison, 53 Training programs v cortrol

Outcome: M Sparts injuries

Shudy Interention Cartrol OR (rancom) Wieight OR (random)

or sub-category il i 95% Cl % 95%Cl

01 Balance baard training

Tropp et al 1985 T/14Z2 30/171 —a— 11.21 0.24 [0.10, 0.57]
Siderman et al 2000 E3/8L ZE{T8 —— 12.47 1,25 [0.82, E.5Z]
“erhagen et al 2004 1267392 1057340 ++ 15,27 1.06 [0.78, 1.458]
Emery et al 2005 Z/E6 lo/el —_— 6,54 0.16 [0.03, 0.76]
Subtotal (85% CI) 662 £50 i 45.49 0.57 [0.28, 1.32]
Total everts: 158 (Intervention), 170 (Cordrol)

Test for heterogenetty, Chif=15.73, df = 3(P = 0.001), F = 809%

Test for overalleffect =131 (P=019)

02 Muti-intervention with balance board training

Wiedderkopp et 1933 114111 457176 —a— 17,30 0.20 [0.10, 0.41]
Wiecderkopp et al2003 6786 1677 — 10.12 0.2% [0.11, 0.77]
Subtetal (33% C1) 137 203 s 27.47 0.22 [0.13, 0.40]
Total everts: 17 (Intervention), §1 (Contral)

Test for heterogenetty, Chi*=0.34, df =1 (P = 0.56), F = 0%

Test for overall effect Z=5.01 (P = 0,00001)

(03 Cther mutti-nterventions

Halme et &l 1839 2/z9 11738 —— £.36 0.18 [0.04, 0.90]
Heick et al 2000 £/4z 87/258 —s 10.84 0.33 [0.13, 0.81]
Clzen et al 2005 46/958 T6/879 -+ 14 89 0,53 [0.37, 0.78]
Subtatal (35% CI) 1023 1175 L 3 3708 .44 [0.78, 0.70]
Total everts: 54 (Intervention), 174 (Contral)

Test for heterogenety Chi = 241, df =2 (P =0300,F=171%

Test for overalleffect Z= 351 (P = 0.0004)

Total (5% CI) 1388 2028 L 3 100.00 0.41 [0.24, 0.69]
Total everts: 229 (Intervention), 405 (Control)

Test for heterogenetty, Chi = 39.58, df = 3 (P < 0.00001), P = 79.5%

Test for overall effect Z=3.37 (P = 0.0007)

om 01 1 10 100

Favours intervertion  Favaurs cortrol

Figure 3 Individual and pooled ORs of training programs

3.4 Stretching and warm-up programs

Three studies (total of 3052 subjects) showed feresf (OR 0.99; 0.81 to 1.23) of stretching
and warm-up programs on the rate of lower extreimmijyries (35-37). Individual and pooled

odds ratios are presented in Figure 4.



Fevieony: Prevention of sparts inuries

Comparizan, 54 Stretching and wearm-up v cantral

Outcome: 01 Lowwer extremity injuries

Stucy Interwertion Cartral 1R (rancarm) Wgight CF: (rancam)

or sub-category il i 95% Cl % 95%Cl

01 Stretehing and warm-lp

vanhechelen et 1993 Z6/159 237187 —r— 11.95 l.z2 [0.67, Z.E5]
Pope et & 1335 237451 257432 13.06 0.87 [0.49, 1.57]
Pope et &l 2000 158/735 1757803 ? 74.99 0.98 [0.77, 1.25]
Subtotal (35% CN 1345 140z 100.00 0.9% [0.81, 1.23]

Total everts 207 (rtervertion), 223 (Contral)
Test for heterogenety: Chif = 064, df =2 (F=073),F=0%
Test for overall effect Z=0.06 (P=033)

01 02 o058 1 2 5 10
Favours intervention  Favours contral

Figure 4 Individual and pooled ORs of stretching and warrpwograms

3.5 Other preventive interventions

In studies by Arnason et al. (38) and Jgrgenseah €é89), a total of 1034 subjects watched an
instructional video. The study of Jgrgensen e{38) showed a reduction in the number of
skiing injuries in the intervention group (OR 0.6443 to 0.96). In the study by Arnason et al.
(38), which included also an awareness programdtig@ideo, the odds ratio could not be
calculated. However, the study did not show thevgméve effect of instructional video on
sports injuries (RR 1.11; 0.95 to 1.30).

Study of Stasinopoulos (40) compared three differsterventions with each other. Study
subjects were volleyball players (total of 52 solgg who were randomized either to
technical training program, proprioceptive program ankle orthosis group. Based on
reported ankle injuries during one playing seasenauthor indicated that all programs were
effective at reducing the rate of ankle sprains gared to the number of injuries in previous
season. The most effective intervention was teethrti@ining and the least effective was

ankle orthosis.



4 DISCUSSION

Good-quality randomized and controlled studies amasidered the most reliable source of
scientific evidence. So far there is a limited amtoof published RCTs dealing with different
preventive methods, but in general most of thegdysinterventions have showed to have a
preventive effect on sports injuries. Because msapgrts participants have only limited
resources to pay attention to injury preventiore tecommendations based on RCTs can

focus the interest towards preventive methods.

At present many preventive methods are used irfi¢iee of sports, although some of these
methods lack scientific evidence. Although stretighand warm-up programs did not show
preventive effect in this review, it does not méaat they do not have a role within sports and

recreational activities.

4.1 Effects of preventive interventions

According to four out of five evaluated studies tims meta-analysis, the use of shock
absorbing insoles appears to reduce lower extremijtyies and stress fractures in military
recruits. Our results are in line with the findingsGillespie et al. (41) who concluded that
insoles in footwear reduced the incidence of stiegsures in athletes and military personnel.
However, opposite results were found in studieGafdner et al. (9) and Withnall et al. (11),
where insoles did not prevent stress fracturesilitany recruits. Based on epidemiological
surveys Jones et al. (42) reviewed that the cumalaticidence of injuries during eight weeks
of US Army basic training was about 25% for men &b&o for women. Although recruits
usually go through high intensity physical trainipgriod, the generalization of findings to
athletes is not straightforward. The problem ist theually athletes already have a shock

absorbing mechanism in their shoes.

The effectiveness of external supports has beesssesd mostly in high risk sporting activities
like soccer, American football, basketball, paraehumping and snowboarding. In five of
the assessed studies in this review, the use efrreaitankle supports provided beneficial
protection against traumatic ankle injuries. Noaventive effect of modified shoes studied

by Barrett et al. (20) can probably be explainedmfra biomechanical aspect. It is
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understandable, that shoes cannot support thetigegcof an ankle in the same extent than
more rigid orthosis, braces and stabilizers. Sinfiladings were established in a review of
Handoll et al. (43), which included a meta-analydishe effects of interventions used for the
prevention of ankle ligament injuries. Wrist andeknsupport interventions assessed in this

review also showed to confirm the preventive eftéaxternal supports.

Promising findings were found using balance boeathing program as a preventive strategy.
Interventions carried out both in home and in tgamactices, but the results did not show
which one strategy would be more effective. Caraffaal. (44) conducted a prospective
controlled study to assess the effect of a propptee training program including the use of
wobble boards in soccer players. This study shosigaificantly lower incidence of ACL-

injuries in the training group compared to contr(dsl5 vs. 1.15 injuries per team/season,
respectively). Although balance board training Bhewed to be effective to prevent ankle
injuries, there is no reliable evidence that batalmoard training has a preventive effect on the

risk of knee injuries based on this review (27,.28)

All four assessed multi-intervention studies imgli¢hat sports-related injuries can be
prevented by using different prophylactic prograihsgs likely that the preventive effect of

these programs is usually the sum of several iddali methods. Because of the complexity
of study designs, it is almost impossible to clanfhich component of the intervention

program is the most effective. A prospective cdigtbstudy of Hewett et al. (45) evaluated
the effect of neuromuscular training in female etit$, and the findings were that a specific
three-phase plyometric training program signifitaméduced the incidence of knee injuries

compared to untrained controls.

The pooled estimate of reviewed stretching and waprmterventions is consistent with three
other reviews (46-48). However, any definitive dasmons of the true effect of stretching
cannot be drawn in this review due to lack of ggodiity RCTs, and because the role of
different stretching protocols should be studiesbadmong other populations than military
recruits. A prospective controlled study of Jakwobs¢ al. (10) investigated the preventive
effect of individual training program including stching, warm-up and cool-down in

recreational long-distance runners. In this study rate of lower limb injuries did not differ

between intervention and control groups.
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The findings of the two reviewed studies usingrunsional video as intervention were not
consistent (38, 39). In the other reviewed study Jmygensen et al. (39) a ski-video
intervention showed preventive effect to reduceurieg. The study subjects were also
downhill skiers in one controlled study by Ettlimga al. (49), in which the authors observed
a reduction in the amount of ACL sprains in theiaéntion group. Based on these studies of

downhill skiing the number of injuries may be redddy the use of instructional videos.

4.2 Methodological quality

The best methodological quality score given in teigew was eight points out of 11. In most

sports injury prevention interventions it is almospossible to score all 11 points, because it
is difficult to blind all the three involved partieand to avoid cointerventions. It is possible
that in many cases the quality criteria was acfualét, but because of inadequate reporting
the studies may have scored lower points (50)gelmeral, studies published recently scored
higher points than the older ones. This can beagx@t partially by availability of more

precise study reporting instructions.

The criteria list by van Tulder et al. (8) has atlg been used in various systematic reviews
within the Cochrane Collaboration Back Review Grolipncludes only the internal validity
criteria, which should be used to define methodckgquality in the meta-analysis. Few
quality criteria proved to be interpretive. We cddesed intention-to-treat analysis adequate
only if it included data from every randomized ®dbj which is also according to Cochrane
Handbook of Systematic Reviews of Interventions3(51). In some original studies the
analysis was reported to be based on intentionett-principle when it actually included data
from subjects who concluded the intervention perdbp-out rate was considered to be ac-
ceptable if it did not exceed 20% for short-terementions (1-3 months) and 30% for long-
term interventions (3 months to 2 years). We careid the compliance to the interventions
acceptable when it was about 70% for both studymsoln cases where the rate of compli-
ance was not described numerically, we accepteddah®pliance if it was explicitly reported
and strictly supervised during intervention peri@ndomisation of the study subjects was

considered adequate only if it was described pegcenough.
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4.3 Limitations of this review

Conduction of meta-analysis may have raised a piatenisk of problems and biases. This
review includes 12 cluster randomized studies. 0geeof cluster randomisation is practical in
study designs, where subjects are a part of a taan army platoon. In four of these
reviewed cluster randomized studies the clustedoamsation was taken into account in
statistical analysis by assuming an intraclusteretation. In this review we have included all
cluster randomized studies in the meta-analysigst€t randomisation may however cause
problems in statistical analysis if the outcomes @resented by the individual subject instead
of the cluster unit (51). In addition, in threedigs included in this review the same control
group was compared with two intervention groupsfodonately this is not especially
recommended, because it may cause unit of anglgsidems if the same group of subjects is

included twice in the same meta-analysis (51).

We tried to control selection bias by including yondndomized and controlled trials in the
meta-analysis. Unfortunately this may not be enotighavoid selection bias, because
inadequate allocation concealment existed in sofbeostudies. Blinding of subjects, care
providers and outcome assessors is difficult inrtspmjury prevention interventions, which
may have caused performance and detection biasks imeta-analysis. We were not able to
avoid either the possibility of attrition bias, bese intention-to-treat analysis was not
included in all of the included studies. The podityb of publication bias by missing
unpublished trials is always an issue of conceat tannot be avoided (50, 51). Because of

publication bias, our review may also have provitterlpositive results.

An important limitation of this review is the geaéheterogeneity. Different designs and het-
erogeneity of interventions between studies weteriil problems for meta-analysis. Also
the follow-up times between 29 included studiesechmarkedly. These limitations may re-

duce the generalization of the pooled effects fiédint preventive interventions.

4.4 Conclusions

This systematic review showed evidence from 29 Rasdifferent interventions may have
a preventive effect on reducing sports injurieghdligh studies of insoles, external supports

and training programs indicated evidence for the ofspreventive interventions, studies of
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stretching and warm-up provided non-preventive atff@ased on this review there is still
insufficient evidence to draw firm conclusions abthe effects of all assessed preventive
methods on sports injuries. More high-quality RG@A different sports and populations are

needed to establish more precise implications.
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Table 1 Characteristics of randomized controlled trialduded in the review

APPENDIX 1

2

Authors Intervention + Subjects (% male) Age (y) No of subjects Duration Relative Risk Qs
intervention/ (95% CI)
control
Insoles
Larsen et al 2002 Custom-made biomechanic shoegisth Military conscripts (99. 3%) 18-24 77169 8nths RR 0.70 (0.50, 1.10) 7
Milgrom et al 1985 Shock-absorbing orthotic device Military recruits (100%) NR 143/ 152 14 weeks ORAX@.29,0.81) 2
Milgrom et al 1992 Modified basketball shoes Infgmecruits (100%) NR 187 /203 14 weeks OR 1.28 (®8W) 3
Schwellnus et al 1990 Neoprene insoles Military resriNR) 17-25 250/1261 9 weeks RR 0.71 (0.56,)0.923
Smith et al 1985 a) Poron insoles b) Spenco issole Coast guard recruits 17-25 a) 30 b) 30 8 weeks a) vs c) 1
c) Control (both sexes, %NR) c) 30 OR 0.21 (0.06, 0.74)
b) vs c)
OR 0.10 (0.02, 0.44)
External supports
Amoroso et al 1998 Outside-the-boot braces Milifzawatrooper students  Over 18 369 /376 1 week OR 0.50 (0.17, 1.49%
(100%)
Barbic et al 2005 *$ WIPSS Brain-Pad mouth guard University student84B81 Mean age 322/324 3 months OR 1.04(0.56,1.94) 4
20.9
Barrett et al 1993 a) High-top shoes b) High-topeshwith College basketball players Mean age a) 227 b) 212 2 months a) vs c) 4
air chambers c) Low-top shoes (91.7%) 20,6 c) 183 OR 1.34 (0.39, 4.66)
b) vs c)
OR 0.77 (0.19, 3.14)
Machold et al 2002 Wrist protector Students (60%) eaMage 342/379 1 week OR0.12(0.02,0.96) 5
14.8
Rgnning et al 2001 $ Wrist protector Snowboardet2(6) 10-68 2515/ 2514 3 months OR 0.27 (0.1D)0.6 7
Sitler et al 1990 Prophylactic knee brace Militacademy cadets (NR) 18-21 691/ 705 2 years ORO0.23,0.78) 4
Sitler et al 1994 Semirigid ankle stabilizer Mitigeacademy cadets (NR) 18-21 789 /812 2 years BR(0.16,0.62) 3
Surve et al 1994 Sport-Stirrup ankle orthosis Sesiocer players (100%) NR 244 | 260 1 playing seas®R 0.60 (0.40,0.91) 3
Tropp et al 1985 * a) Ankle orthosis b) Ankle diskihing Senior soccer players (100%) NR a) 124 b) 144 6 months a) vs c) 2
c) Control c) 180 OR 0.16 (0.04, 0.70)
b) vs c)
OR 0.24 (0.10, 0.57)
Training programs
Ekstrand et al 1983 * Prophylactic program Senamcsr players (100%) 17-37 90/90 6 months -
Emery et al 2005 * Home-based balance-training pnogr Physical education students 14-19 66 /61 6 months OR 0.16 (0.03, 0.76%
(50%)
Heidt et al 2000 Preseason training program Sodagers (0%) 14-18 42/ 258 12 months ORO0.33(M®) 3
Holme et al 1999 Rehabilitation program Recreatiatialetes (62%) 21-32 46/ 46 12 months OR 0.18(@®0) 2
Olsen et al 2005 * Structured warm-up program Hanghajlers (13.7%) 15-17 958 / 879 8 months ORO0.5¥(®.78) 8
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Authors Intervention Subjects (% male) Age (y) No 6subjects Duration Relative Risk Qs
intervention/ (95% CI)
control

Training programs
Pope et al 1998 * # Pre-exercise calf muscledtieg Army recruits (100%) 17-35 549 /544 12 weeks OR0.87(0.49,157) 5
Pope et al 2000 * # Lower extremity stretching paogr Army recruits (100%) 17-35 735 /803 12 weeks .77,1.25) 5
Sdderman et al 2000 * Balance board training progra Soccer players (0%) 15-25 121 /100 7 months QR([0.62,2.52) 2
Tropp et al 1985 * a) Ankle orthosis b) Ankle disiihing Senior soccer players (100%) NR a) 124 b) 144 6 months a) vs c) 2

c) Control c) 180 OR 0.16 (0.04, 0.70)

b) vs c)
OR 0.24 (0.10, 0.57)

Van Mechelen et al 1993 Warm-up, cool-down and stretching pro- Recreational runners (100%) NR 210/211 16 weeks QR(D.67,2.25) 2

gram
Verhagen et al 2004 * Balance board training program Volleyball players (42.9 %) 21-27 641/ 486 36 weeks OR 1.06 (0.78,1.45) 4
Wedderkopp et al 1999 *  Ankle disc and functionafmaup training  Handball players (0%) 16-18 1116 12 10 months OR 0.20(0.10,0.41) 3
Wedderkopp et al 2003 *  Ankle disk and functionaésgth training Handball players (0%) 14-16 86/77 9 months OR0.29(0.12,0.77) 4
Other interventions
Arnason et al 2005 * Video-based awareness program ceBptayers (100%) NR 127/ 144 5 months RR 1.195(QL.30) 3
Jorgensen et al 1998 Instructional ski-video Dowrdhilers (58%) 5-61 243 /520 1 week OR 0.64 (0.£4%)0. 3
Stasinopoulos 2004 a) Technical training program Volleyball players (0%) 20-26 a) 18 1 season - 3

b) Proprioceptive program b) 17

c) Ankle orthosis c) 17

+ = if not mentioned, comparison is made with cdrgroup which has not participated in any intervemti

(y) = years
(95% CI) = confidence intervals

QS = quality score

* = cluster randomized

- = calculation of relative risk not possible
NR = not reported

# = quasi-randomized

$ = block randomized
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Table 2Methodological quality assessment of included stsidi

AUTHOR et al. / year A B C D E F G H | J K TOT
EKSTRAND et al./1983 DK DK DK DK DK DK DK YES DK YB DK 2
MILGROM et al./1985 DK DK DK DK DK DK DK DK YES YES NO 2
SMITH et al./1985 DK DK DK DK DK DK DK DK NO YES NO 1
TROPP et al./1985 DK DK DK DK DK DK DK DK YES YES o 2
SCHWELLNUS et al./1990 DK DK DK DK DK DK DK YES YES YES DK 3
SITLER et al./1990 YES DK YES DK DK DK DK YES DK Y& DK 4
MILGROM et al./1992 DK DK DK DK DK DK DK YES DK YES YES 3
BARRETT et al./1993 YES DK YES DK DK DK DK DK YES &S NO 4
VAN MECHELEN et al./1993 DK DK YES DK DK DK DK NO ) YES NO 2
SITLER et al./1994 DK DK YES DK DK DK DK YES DK YES DK 3
SURVE et al./1994 DK DK DK DK DK DK DK YES DK YES ES 3
AMOROSO et al./1998 YES DK YES DK DK YES DK YES YES YES NO 6
JORGENSEN et al./1998 DK DK YES DK DK DK DK DK DK &S YES 3
POPE et al./1998 DK YES DK YES DK DK DK YES YES YES DK 5
HOLME et al./1999 YES DK NO DK DK DK DK DK NO YES a 2
WEDDERKOPP et al./1999 DK DK DK DK DK DK DK YES DK YES YES 3
HEIDT et al./2000 DK DK DK DK DK YES DK DK DK YES ES 3
POPE et al./2000 DK YES DK DK DK YES DK YES NO YES YES 5
SODERMAN et al./2000 DK DK YES DK DK DK DK NO NO Y& NO 2
RONNING et al./2001 YES DK YES DK DK YES DK YES YES YES YES 7
LARSEN et al./2002 YES YES DK DK YES DK DK YES YES YES YES 7
MACHOLD et al. /2002 YES DK YES DK DK DK DK YES DK YES YES 5
WEDDERKOPP et al./2003 DK DK DK DK DK DK DK YES YES YES YES 4
STASINOPOULOS /2004 YES DK DK DK DK DK DK NO DK YES YES 3
VERHAGEN et al./2004 DK DK YES DK DK YES DK YES NO YES DK 4
ARNASON et al./2005 DK DK DK DK DK DK DK YES YES Y& NO 3
BARBIC et al./2005 DK DK YES NO NO NO DK YES YES = NO 4
EMERY et al/2005 YES YES YES DK DK DK DK YES YES = DK 6
OLSEN et al./2005 YES YES YES DK DK YES NO YES YES YES YES 8

A=adequate randomisation (yes=random assignmentads by using computer generated random numbey, tsdrled opaque envelopes or
other clearly described and acceptable randomrassigt method)
B=concealed allocation (yes=assignment was maded®pendent person, who had no information abodystubjects)
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C=groups similarity at baseline (yes=study groupsevgemilar or comparable at baseline regarding dgaphic factors and other important
prognostic factors)

D=study population blinding (yes=study populatiombing was clearly described and acceptable)

E=care provider blinding (yes=medical staff or careviders involved in the study were blinded regagdhe group assignment)

F=outcome assessor blinding (yes=doctors, radiamgihysiotherapist or other nursing staff who eatdd the injuries were blinded regarding
the group assignment)

G=avoided or similar cointerventions (yes=all confding cointerventions were either avoided or siniletween study groups)
H=acceptable compliance (yes=compliance was regutadcked or otherwise strictly supervised by samesise than study subjects, and it
was more than 70% in every study group)

I=described and acceptable drop-out rate (yes=dubpate was less than 20% for short-term follow@s3 months) and less than 30% for
long-term follow-up (3—24 months). drop-out reasaese given)

J=similar timing of the outcome assessment (yes=auraf the intervention was similar for all stuggoups)

K =intention-to-treat analysis (yes=intention-to-tranalysis was acceptable if all randomly assigtady subjects were included in analysis)
YES=criteria was described and acceptable (1 point)

NO-=criteria was not acceptable (O point)

DK=don't know; criteria was unclear or not descril§@gboint)

TOT =total points of quality assessment, max. 11 points



