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Exercises to prevent lower limb injuries in youth sports: cluster

randomised controlled trial

Odd-Egil Olsen, Grethie Myklebust, Lars Engebretsen, Ingar Holme, Roald Bahr

Abstract

Objective To investigate the effect of a structured warme-up
programme designed to reduce the incidence of knee and
ankle injuries in young people participaiing in kpm 1s.

Design Cluster randomised controlled wial with clubs as the
unit of randomisation.

Setting 120 ream handball clubs from central and eastern
Norway (61 clubs in the intervention group, 59 in the control
group) followed for one league season (eight months).
Participants 1837 plavers aged 15-17 vears; 958 players (808
temale and 150 male) in the intervention group; 879 plavers
{778 female and 101 male) in the conwol group.

Intervention A structured warm-up programme to improve
running, cutting, and landing rechnique as well as
neuromuscuba contol, balance, and srength.

Main outcome measure |he rate of acute injurics to the knee
or ankle,

Results Phring the season. 129 acute knee or ankle injuries
occirred, 81 injuries in the control group (0.9 (SE 0.09) injuries
per 100 playver hours: 0.3 (SE 0.17) in mraining + 5.3 (SE 0.06)
during matches) and 48 injuries in the intervention group (L5
(SE 0.1 infuries per 1000 player hours; 0.2 (SE 0.18) in
raining v 2.5 (Sk 0.06) during matches). Fewer injured plavers
were in the intervention group than in the control group (16
(.8 o (76 (8.5
group (1.53, 4

ER1S

srelative risk interventon group o control
% confidence interval 0.35 1o 0.81).

Conclusion A structured prog:
prevent knee and ankle injurics in young people playing spor

e of l\".-“'li]-L[l'J ENeTCISes Canl

] reventve training should thervefore be introduced as an
al part of vouth sports programimes.

Introduction

Regular physic
it

ctivity reduces the risk of premature mortality
eneral and of coronary heart disease, hypertension, colon
« and diabetes mellitus in partcular’ - However,
participation in sports also entails a visk of injury for all athleres,
n Scatdina

cancer. obes

fram the elite to the recreational level. Studies fi

a
vof all acute
njurics seen m emergency departments, and the most conmon
tvpes are knee and ankle injuries.” Serious knee injurie
mjuries to the anterior cruciate ligament, are a growing cause of
concern. The highest incidence is seen in adolescents pl
ts such as foothall, asketball, <m<l tewn handball Tn

women are three 1o fiv
conbiact a serious knee injury than men.'”

docummnent that sports injurics constitute 10-19

i, such as

{

pivoting

these spo times more likely 1o

Injuries to the anterior cruciate ligonent may  require
surgery. always entuil a long rehabilitation period, and drastically

BM] Ol

increase the risk of long term :st"qud;lt."l Although treatiment
methods have advanced notably, there is no evidence to show
that repair of a ruptured anterior cruciate lignment or isolated
cartilage lesions prevents early development of osteoarthrins’
Effective methods for preventing injuries thercefore need to be
developed.

Some studies report promising results, indicating that i may
be possible 1o reduce the incidence of knee and ankle injuries
among adults” " and adolescents.'"" However, these studics are
simall and mainly non-randomised, with important methocdo-
logical limitations. Prospective randomised intervention studies
especially among children and adoles-
cents, to assess the eflicacy of interventions aiming to reduce

are therefore needed

njuries,

We conducted a randomised controlled wial w investigare
the eflect -up exercises used
to prevent acute in ]llllL.S ot the lower limb in voung people playv-
g sports. To mininise overlap within clubs, we
design,

tofa structured programme of wi

sed a cluster

Methods

Ome hundred and twenty three clubs ag

red to particpate m the
study, and we block randomised these, with four clubs in cach
block to an mtervention or control group. To reduce potential
confounding, we matched the clubs by region, plaving level, and

sex and number of players. The statistician (IH} who conducted

the randomisation was not involved in the mtervention. Box 1
gives details of the procedure used to recruit clubs.
We informed clubs alloc

ed to the intervention group tha
they would receive a programine of warme-up exercises used to
prevent injuries. We asked the clubs in the conmrol mroup o do
their raining as usual during the season and informed them tha
thev would recetve the same programme as the intervention
group al the start of the subsequent scason.

Box 1: Recruiting clubs to the study

+ All 145 clubs in
and eastern Nm' ALY, 1 Handhball
Fecleration, re n 1 the study
cduring one L\;,In 1.|nn1h season (September 2002 1o April AN

» 16 vear and 17 vear divi from ce

e The dubs practised one (o five tmes per week and played
between 20 and 50 matches during the season. depending on
their ability and ambiton

e The clubs were recruited from June o \ua,u-.t 2002 through
the website of the Norwegian Handball Federation, and a lerter
information about the purpose and the design of the study
went to the couches, who also informed the players
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Intervention

The warm-up programime was developed by medical staff from
the Oslo Sports Trauma Research Center and coaching staff
from the Norwegian Handball Federation, and its feasibility had
been tested in four clubs during the previous season. The
programme included four different sets of exercises, each of
increasing ditliculty.

At the start of the league season (September), the clubs in the
vention group received one visit from an instructor from
the handball federation. In addition, instructors followed up the
clubs with a visit midway through the season (J: The
wstructors had been familiarised with the programme durin
two hour seminar, in which they received theoretical and practi-
cal training on how t conduct the programme. The cubs
received an exercise book, five wobble boards (disc diumeter 58
i Norpro, Notodden, Norway, 2000) and five balance mats
(4060 err”, 7 amn thick; Alusuisse Alrex, Sins, Switzerland, 2000).
‘The coaches were asked to use the programme at the beginning
of every wraining session [or 15 consecutive sessions and then
onee a week during the remainder of the season.

The main focus of the exercises was o Improve awareness
and control of knees and ankles during standing, munning,
cutting, jumping, and landing. The programmie consisted of
exercises with the ball, including the use of the wohble board and
balance mat (box 2, fig 1. and fig 2), for warm up, technique, bal-
ance, and strength.

The plavers were encouraged to be focused and conscious of

A

the quality of their movements, with emphasis given to core sta-
hility and position of the hip and knee in re

ation to the foot {the

Box 2: Programme of warm-up exercises used to prevent
injuries

Warm-up exercises

{30} seconds and one repetition each)

Jogmng end 1o end

Buckward running with sidesteps

Forware munning with knee lifts and heel kicks
Sidewavs running with crossovers (“carioca™
5i{_]L\\il\": rusining with arms ol (Mparade”)
Forward running with trunk rotations
Forward 1 |.1111|I1g.:| with intermittent STOPS
Speed run

Technique

{One exercise during cach nraining sessi
seconds each)

Planting and cuting moveinents

Jump shot landings

on: 4 minutes and x5

Balance
(O a balanee :llul or wohble board, one exercise cduring each
training session; 4 minutes and 2290 seconds ench)

Passing the ball (two leg stance)
Squats (one or two e
P 5
Bouncing the balt '\h!‘ (\
Pushing each other off bal:

Strength and power
(2 minutes and 3= 10 repetitions eacly)
»euaddriceps exorcise:

Squats o 807 of knee fexion
Boundi w strides (Sprunglauf)
Forward jumips

Jump shot—two legged la

ling
(2 minures and %x 10 repetitions

“Novdic lamsiring lowers
cach}

“knee over toe” posidon). They were also asked to watch each
other closely and give each other feedback during the training.
They were instructed to spend 4-5 minutes on each exercise
group for a total duration of 15-20 minutes,
Data on injury and exposure were veported by the
physiotherapists using a web based database in which all the data
‘ rded anonvinously. At the end of the season, the recorded
data were confirmed, or if’ necessary corrected, by the coaches.
Box 3 shows the definitions we used in registering injuries.

Outcome measures

We defined the primary outcome as an acute injury to the knee
or ankle. A secondary outcome was delined as any injury (o the
lower limbs. We also included secondary analyses of injuries
overall (including all injuries) and injuries to the upper limb. We
included all injuries reported after an intervention club had
completed the first session of the (raining aiming to prevent
injuries {(and from the same date in the contol clubs randomised
in the smne block),

to compare the number of injured players
and incidence of injury between the intervention group and the
control group.

The number of injured players was based on data from indi-
vidual players and the incidence of injuries on summary data of
mjuries and exposures for the whole group. Data on plavers who
dropped out during the study period were included for the
entire period of their participation.

len research physiotherapists who were blinded to group
allocation recorded mjuries in both groups, using definitions
(hox 3) and a standardised injury questionnaire described in our
carlier study (Olsen OF, Myklebust G, Engebretsen L, Bahr R.
Injury pattern in youth team handball: a comparison of two pro-
spective registration methods. Submitted for publication o Scand

S Med Sei Sporis),

The physiotherapists were in contact with the coaches at least
every month to record injured plavers and exposure data. They
mterviewed injured players, either in person or by telephone,
and in most cases within four weeks (range one dav to four
months)

Phey were responsible for roughly the same nunber of
clubs from each of the groups (11 to 13 clubs eac h).

The coaches of the []lth\ receiving the intervention recovded
compliance on a designated form as the number of mnjury
prevention sessions, the duration of each session in minutes, and
the average attendance of the players (in per cent). At the end of
the season we also obtained information on prevention training
conducted by the control clubs, including the types and volume
of exercises used.

Sample size

In vouth team handball, the incidence of acute injuries to the
knee ant" ankle is estinated to be 12 per 100 players per league
son.! pilot study conducted o determine the
incidence of injury during the previous season (submitied [or
publication), we estimated that the cluster effects for club
randomisation gave an inflation factor of 2.0 based on a cluster
size of 15 and an intracluster correlation coeflicient of 1.07. We
then caleulated that to achieve ¢ power with o = 5% o deteet
a relative 11sk reduction of 50%, we would need 915 plavers
cach group. Therefore, when we initiated the wial. we were hop-
ing to include 60 clubs in each group {a total of 120 clubs; with
an average of 15 players in cach club).

seq From

Statistical methods

We used Stata, #.0 (Stata Corporadon. Lakeway Drive,
Lexas, 2003), for the statistical analvsis. We undertook all stadsti-
cal analvses according to a prespecified plan. We used the

Version

MO
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Fig 2 Exampie of a strength exercise ("Nordic hamstring lowers"). Top: start
position; a partner holds around the player's ankles. Bottom: The player falls
slowly forwards, using hamstrings to resist the fall against the floor as long as
possibis

relative visk of the number of injured plavers according 1o the
intention to treat principle o compare the visk ol an injury in the
intervention and control groups. Cox regression was owr analy-
sis tool for the primary outcome as well as the secondary
outcomes, and we used the robust calculation method of the

; covariance matrix,* taking into account the cluster ran-
domisation. We tested rate ratios with Wald's test. We used one
way analy

o variance 1o estimate the intracluster corvelation

coefticient to obtain estimates of the infladon factor for
comparison with planned samiple size. We used the inverse of the
difference between percentages of injured plavers in the two
groups 1o calculate the mumber needed 0 reat 1o save one
injury. We calculated exposures to training and matches and
incidence of injury as described in our earlier study.

We used a 2 test hased on the Poisson model to compare the
rate ratio hetween the two groups (intervention v control). sex
(female v male), severity of injury (slight, minor, moderate,
major), and club activities fmatch, training).

Compliance and incidence of injury are presented as means
with standard ervors. Relative risk and rate ratio are presented
with 05%: confidence intervals. We regarded two tailed P values
= 0.05 as significant.

Results

a

Figure 5 shows the flow of clubs and players thro the trial.
Players in the two groups were similar in sex distribution, age,
and dropeout rates (table 1), All bur eig ) of the clubs in rh(
mtervention group used the programme of wirmi-up exe
used o prevent injuries during the study period. Also. 13 §
of the clubs in the control group used specific exercises intende :l
o prevent injuries (including training on the balance mat and
wohble board) as a part of their raining.

page 3ol'y
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Table 1 Characteristics of parficipants and compliance of clubs. Values are
numbers {percentages) of participants unless otherwise indicated

Characteristic intervention group (n=058) Controi group (n=879)

Girls 808 (50.9) 778 (491}
Boys 150 (59.8) 101 (40.2)
(e in years” 16.3 (0.6) 16.2 (0.6)

: B8 (7.1) 51 (5.8

Hicn programme:

of the season {September to Decem

szcond part.

T183% in the first part v 78% in seconc part

Box 3: Operational definitions used in the registration of
injury

Reportable injury

An injury ocowred during a seheduled match or tining session,
cansing the plaver ro require mecdical reatment or miss part of or
the next match or raining session

Player

A player was entered into the study i she or he was aged 13-17
vears (hom between 1 January 1985 and 31 December 1987},
was registered on the cub roster by the couch, and did not have a
major injury at the start of the study

Return (o participation
The plaver was defined as injurect unti he or she was able to
participate fully in club activities (atch and taining sessions)

Type of injury

Acute—injury with a sudden onset associated with a known
T

Overuse—injury with  gradual onset without any known mas

Severityt

Slight—0 days of absence and able to participate fully in the next
match or rraining session

Minor—absence from match or waining for 1-7 duys
Modcrate—absence from match or training for 8-21 days
Mujor—absence from match or training for =21 days

Exposure®
Match exposure—hours of waiches
RAF: g exposure—hours of maini
In nearly all cases

=]
. players sustaining moderate or major injuries
a doctor. I there was any doubt about the
rred to a sport doctor or a sports
often included imaging

medicine
studies ora
mjury.
or

ned only by a physical therapist
injured plavers was examined

Assessed for eligibility (145 clubs; about 2180 players)

Declined to participate (22 }
clubs: about 294 players)

Randomised (123 clubs; 1886 players) §

i i

v e

Intervention group i Control group
(62 clubs; 988 players) § (61 clubs: 898 players)

e i

Excluded {2 clubs; 19 p

; J -

H

Fig 3 Flow of club cius
two clubs in the control group withdrew from participating in the Norwegian
Handhall Federation ieague (no players played for these clubs), and one club in
the intervention group deciined to participate in the study. The players (n=48) in
these clubs were excluded from the study

Injury characteristics

During the eight month season, 262 (14%) of the 1837 plavers
who were included in the study contracted a total of 208 injuries.
Of these, 241 (81 ) were over-
use injuries. Table 2 shows the locaton of the most common
body part injured, the type of acute and overuse injuries, and the
age ol the injured players.

were acute injuries and !

Effect of prevention
Significantly fewer injured players were in the intervention
group than in the control group for injuries overall, lower limb
injuries. acute knee or ankle injuries, and acute knee and upper
limb injuries, whereas a 37% reduction in acure ankle injuries did
not reach significance (table 3). The degrees of cluster
club level {(intracluster correlation coetlicient) were estimated to
be 0,013 10 0.07 1. The number needed o wear to prevent one
injury varied from 11 to 59 players.

The exposure in hours for the intervention group was 93 812
(11 210 hours spent in matches, 82 602 hours in training) and in
the control group 87 483 hours (10 783 hours in matches,

Table 2 Most common hody part injured, most common type of
use injuries, and age of the injured players. Values are numbers
(percentages) of participants unless otherwise indicated

Intervention group (n=958) Control group (r=879}

BM] ¢
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Table 3 Intention to treat analysis. Values are numbers (percentages) of injured players

Number
Intervention group Control group Intracluster needed to P value (Wald's
{n=958) {n=B79) correlation coefficient  Inflation factor freat Relative risk (95% CI)* test)
All injuries a5 (99) 167 (19.0) 0.043 1.6 1 =0.0001
Lower limb injuries 66 (6.9) 115 (131} 0,050 17 16
Acu}c”kr':"ee'or ankle iniuries. 46 {4.8) o ) %a } _|' 0.057 1.8 26 0.004
¢ inuriss 19 (2.0) 38 (43) 0.071 20 43 0.007
T m e 40 (4.5) " 0.07 S 20 59 0.097
17 (1.4) . 39 (44} © gon 2.0 38 0.002

s model caiculated accerding to method of Lin and W ich takes cluster randomisation info account.

Papers
|

76 700 hours in training). Table 4 shows the severity of injury for  Discussion
clitferent tvpes of injury. Injuries overall, acute injuries, and acute
knee or ankle injuries differed significantly, whereas reductions
tor slight injuries and 18-39% in minor injuries did not
ch signilicance. The overall difle
match and training njuries was also significant, whereas acute
injuries and acute knee or ankle iilji‘ll’i(“..‘, differed only for
matches (table

The rate of injuries in adolescent athletes using a structured
warm-up programme as a part of their training improved clini-
cally and statistically, especially the rate of severe injuries to the
knee and ankle. The reduction in the relative visk is highly
significant and has been adjusted for the cluster sanpling, which |
takes into account the analytical limitations of a cluster

randomised study. As far as we are aware. our study is the first

randomised controlled trial among adolescents with a sufficient

sample size to show that acute knee or ankle injuries can he

confidence interval 0.31 1o 0.73,  educed by 50% and severe injuries even more.

119 to (.63, P=0.001; acute

wute knee or ankle injuries  Data validation

in 7-5:

ence m the maoadence of

1865 (0

- The 13 control clubs using training exer
prevent injuries had a significantly lower incidence of injuries

than the clubs in the control group doing no prevention training
{rate ratio: all injuries 0.4

P<20.001: lower limb injuric
mjuries 0.47,0.29 to 0.76;: P = 0.0
0.22, 009 1o 0.55;

001 No category of injury differed by The uial wok place in the divisions comprising 6 vear and 17

S vear olds from large geographical regions of Norway and
Table 4 ity of injuries
Interventicn group (n=958) Control group {n=679) Rate ratio (95% C1)° P value (z lest)
103 185 044
56 112
47 83 {0.37 fo
4 ] ' (01410
47 &2 (0.48 to 1.03}
20 bl
32 fite]
18 39
0 3
4 g
T 12
7 15
3 156
4 &
43 51 Q.17
k! 44 <00001
25 54 0.001
a1 82 0002
34 74 <0.0001
4 8 0.001
3 3

3
-3
[
e

15 28

khed 43§

2 7

g 14 003
o 3

Alateral ligament, bone |

page 5ol 7
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Table 5 Number of acute injuries, acute knee or ankle in
injurigs per 1000 player hours, with standard errors

n=958)
incidence Injuries
Mo of acut 0.9 (0.08) 156
Match 4.7 (0.06) 111
3z HERUAEY 45

@ knge or ankle injuries: - 48 0'5 (0.11)

JJ'aln i "o'n Poisson model.

recruited 85% of eligible players organised by the Norwegian
Handball Federation in these areas.

The external validity of the trial should therefore be high. As
we found no diflerences berween the two groups at baseline, in
dropout rates, and in exposure during the study. the internal
validity should also be high. We discussed the reliability and
validity of injury and exposure registration in detail in an earlier
study, and our method should ensure good reliability and valid-
ity of the injury and exposure data and also good relinbility for
comparing the data between the intervention and the control
Hronps.

Compliance

On comparison with a previons study that investigated the
prevention of injuries to the anterior cruciate ligament at the
senior level,

we found a considerably higher compliance (374%)
wnong the vouth clubs. In view of the media attenton focusing
on the problem of injuries to the anterior cruciate ligmnent in
wornen’s tewm handball. we were surprised to find that only 20%
of the clubs participadng in a similar non-randomised study of
adult plavers fulfilled the compliance criteria.”
stunely,

However, this
and our intervention study, may have motivated some of
the vouth clubs to include exercises Lo prevent injuries as a regu-
lar part of their taining programme, as evidenced by the crosso-
ver observed in 22% of the control clubs. In support of the study
findings. these clubs had a significantdy lower incidence of
njuries than the other control clubs. Also.not all cubs continued
o use the programme of WArn-up exe dses used to prevent
injuries after the initdal intensive introduction period. However,
we included all the clubs in an intenton to treat analysis, which
means that the effect of the programme may be even higher than
we have reported.

Structured programme of warm-up exercises to prevent
injuries

The exercises used in the progmanme were developed on the
basiz of previous intervention studies in teaumn handball™ !
other sports,

anl
" and had been feasibility tested and modified o
be suitable for ream handball. The focus on alignment of the hip.
konee and ankle—espedally the knee over toe |5()‘~'iti0:k WAy sup-
ported by data from Ebstrup and Boysen-Moller™ and Olsen et
al.” Their video analvses of the mechanisnis for injuries of the
anterior cruciate ligament in tewn handball indicate that plavers
could benefit from not allowing the knee to sag medially during
plant and cut movemnents or when suddenly changing speed.
The programmie theretore locused on the proper technique Lor
planting and cutting movements, aiming at a narrower stance as
well as i knee over e position. Recent data from a study inve
ligating the prevention of injuries to the
ligmment among adult women'’s eam handball plavers indicate
that a programme of balance and cutting exercises focusing on
knee control not only prevenis injuries” but

anterior cruciale

also improves

Cantral

Junp task

juries, and incidence of injuries during matches and training. Incidence is reported as the number of

(n=879) Rate ratio (95‘?_»';: cly* P \_f_alue (2 test)

e
1.8 (0.06) 1 (039t 0.86) <0.0001
10.3 (0.04) 10.33 to 0.64) 00001

{0.12) 66 (0.42 10 1.04) 0.07
0.9 (0.09) 55 (0.3 to 0.7 0.001
5.3 {0.06) 7 (0.30100.74) 0.001
0.3 (0

dynamic balance and that this effect is maintained for at least 12
months.” One randomised study from senior men’s elite soccer
also showed a substantial decrease in the rate of injuries to the
anterior cruciate ligament as a result of a static balance training
programme using a balance hoard.”

The prevention progranime that we tested is multifaceted
and considers many aspects that could be related to the risk for
injury (agility, balance, strength, awareness of vulnerable
positions of the knee and ankle, plaving technique), and it is not
possible to determine exactly which part of the programme may
be effective in preventing injuries to the knee and ankle. Based
on data from volleyball,” our programme also focused on land-
ing on both legs after jumps rather than just one leg, and with an
emphasis on increased hip and knee flexion w atenuate the
landing. The programme also included a strength exercise, the
“Nordic hamstring lower” exercise, which has been shown 1o be
unproving eccentric hamstring muscle strength
ameng adult male soccer plavers” Since the hamstrings can act
as agonists to the anterior cruciate lignment during stop and

UL s possible that siron

cffective in

or hamstring muscles
can prevent injuries to the ligament but this theory has never
been tested. Further studies are needed (o determine whart the
kev componentis) of the programme are in reducing risk of
injury, and it seems warranted to examine the physiological
effects of each programime component, as well as the effect on
mjury risk. In this way it may be possible to develop even more
specific programmes that require less time and effort and may be
suitable for “weckend recreational”
Although injuries to the anterior cruciate igament are a par-
ticular concern, especially in women's pivoting sports, it was not
possible to plan this investigation on young players to determine
the elfect of the intervention programme o rates ol injury to the
anterior e ligament alone. Our power
indicated that 2 study looking at muptures of the anic
ligament would have needed 12 000 play
detect o 30%: reduction in such injurics. Even so, we found an
805 reduction in ruptures of knee ligaments (anterior auciate
ligament, posterior cruciate ligament. and medial collateral liga-
ment) in the intervention group, which reachied significance.

athleles too.

Cri calculations

W craciile
rs i each group to

Generalisability
We used vouth team handball (age
sports in our trial. !

[5-17) as

a case of youth
nee the intervention was implemented for
es and at different levels, the result indicates that the
voutl elite as well as the intermediate and recreational players
would benefit from using the warm-up programme 1o prevent
injuries. We do not know if the results can be
age groups or to other vouth sports such as football, basketball,
or volleyball. However, these sports have a high incidence and
similar pattern of knee and ankle injuries, and the mjury mecha-
nisms are also comparable (imost injuries resulting from pivoting
and Landing movements).

bath se

ceneralised to other

Theretore it scemns reasonable tw

BMJ Oundine First binja
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Sports injuries constitute 10-19% of all acute injuries
treared in emergency departments, with injuries to the knee
and ankle the most common types

The risk of serious knee injuries, such as injuries to the
anterior cruciate ligament, is high among adolescents
playing pivoting sports such as football, baskethall, or ream
|

handhball

[t may be possible to reduce the incidence of knee and
ankle injuri

among young people, but studies showing
this have been small and mainly non-randomised, with
significant methodological limitations

A strucired warm-up programme designed to improve
awareness and knee and ankle control during landing and
piveting movements prevents knee and ankle injuries
among vouth athletes

The incidence of knee and ankle injuries can be reduced by
at least HUU

Preventive training should be routine in training
programmes for adolescents in pivoring sports

i
assume that the prevention programme used in the present
stuey also could be maodified to be used in other similar Sports.
Moreover, if the goal is to devels P moverent patterns that are
more resistant Lo injury, it mav be casier to work with even
plavers who have not ver established their motion
patterns. Therefore, we suggest that programmes tocusing on
technique (cutting and landing movements) and balance training
fon wobble boards, mats or similar cquipments) are imple-
mented in players as voung as 10-12

yvounger

s,
Conclusion

A structured
AWATCNCS:

warni-up programme  designed o mmprove
and control of knees and ankles duri ing landing and
pivoting movements reduces injuries to the lower limb in vouth
e handball.  Preventive training  should
inroduced  as a natural part  of  vouth

rammes in similar pivoting sports.

therefore  he

sports  training
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