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Abstract
The	objective	of	this	study	was	to	examine	the	effect	of	a	neuromuscular	training	
(NMT)	warm-	up	on	the	prevalence	of	overuse	lower	extremity	(LE)	injuries	in	
children's	football.	Twenty	Finnish	U11-	U14	youth	football	clubs	(n = 1409	play-
ers;	females	280,	males	1129;	age	range	9-	14)	were	randomized	into	intervention	
and	control	groups	containing	10	clubs	each	(intervention:	44	 teams,	n = 676	
players;	control:	48	teams,	n = 733	players).	The	intervention	group	performed	
a	structured	NMT	warm-	up	operated	by	team	coaches	for	20 weeks.	The	main	
outcome	measure	was	the	prevalence	of	football-	related	overuse	LE	injuries	and	
injuries	were	tracked	via	weekly	text	messages.	The	average	weekly	prevalence	
of	overuse	LE	injuries	was	11.6%	(95%	CI:	11.0%-	12.2%)	in	the	intervention	group	
and	 11.3%	 (10.7%-	11.9%)	 in	 the	 control	 group.	 The	 most	 common	 anatomical	
locations	were	the	knee	(weekly	prevalence	6.0%	in	the	intervention	group	and	
5.7%	in	the	control	group)	and	heel	(2.4%	and	2.6%).	There	was	no	difference	in	
the	prevalence	of	overuse	LE	injuries	between	the	groups:	odds	ratio	(OR)	1.01	
(95%	CI:	0.99-	1.03).	In	conclusion,	NMT	warm-	up	was	equal	to	standard	practice	
warm-	up	in	preventing	overuse	LE	injuries	in	children's	football	during	a	follow-
	up	of	20 weeks.

www.wileyonlinelibrary.com/journal/tsm2
mailto:
mailto:mvvhil@utu.fi
http://crossmark.crossref.org/dialog/?doi=10.1002%2Ftsm2.289&domain=pdf&date_stamp=2021-11-17


2 |   MATIAS et al.

1 |  INTRODUCTION

Participation	in	sports	activities	such	as	football	is	ben-
eficial	for	overall	health	but	involves	a	risk	for	injuries.	
In	 football	 injury	 research,	 acute	 and	 traumatic	 inju-
ries	 have	 traditionally	 received	 most	 of	 the	 attention,	
while	 the	 knowledge	 on	 overuse	 injuries	 is	 limited.1,2	
Especially,	randomized-	controlled	trials	(RCT)	focusing	
on	the	prevention	of	overuse	lower	extremity	(LE)	inju-
ries	are	in	few	in	youth	football.2,3	Methods	on	football	
injury	research	have	earlier	focused	largely	on	time- loss 
from training and playing	or	the need for medical atten-
tion	 on	 defining	 injuries.4	These	 standard	 methods	 are	
more	 appropriate	 when	 examining	 acute	 injuries,	 but	
reveal	 only	 the	 tip	 of	 the	 iceberg	 in	 overuse	 injuries.5	
Overuse	injuries	do	not	always	result	 in	time-	loss	from	
sports	or	in	a	medical	appointment—	especially	in	youth	
players.6,7	 The	 Oslo	 Sports	 Trauma	 Research	 Centre	
Overuse	 injury	 questionnaire	 (OSTRC-	O)	 has	 been	 in-
troduced	 as	 a	 more	 complete	 approach	 on	 tracing	 the	
occurrence	and	consequences	of	overuse	 injuries.8	The	
questionnaire	has	been	validated	and	used	in	many	pre-
vious	studies.5,9-	12

Overuse	 injuries	 result	 from	 repetitive	 microtrauma	
and	 usually	 without	 a	 single	 identifiable	 event	 respon-
sible	 for	 the	 injury	 (gradual	 onset),	 although	 sudden	
onset	 debut	 can	 occur.4,13	 Overuse	 injuries	 are	 often	
thought	 to	be	prevalent	only	 in	 long	duration	and	mo-
notonous	sports	such	as	endurance	running,	or	 techni-
cal	 sports	 that	 require	 repetition	 of	 same	 movements	
such	as	handball.	However,	there	is	increasing	evidence	
suggesting	a	high	prevalence	of	overuse	injuries	in	team	
sports,	 including	children's	 football.14	 In	children	play-
ing	 football,	 neuromuscular	 training	 (NMT)	 can	 pre-
vent	 LE	 injuries	 overall15,16	 and	 acute	 non-	contact	 LE	
injuries,17	 but	 there	 has	 been	 little	 focus	 on	 the	 effect	
of	NMT	warm-	up	on	overuse	 injuries.	A	RCT	in	under	
13-	year-	old	(U13)	children	reported	a	nonsignificant	re-
duction	 in	 overuse	 injury	 incidence	 and	 another	 RCT	
with	13-	17-	year-	old	female	players	reported	a	significant	
53%	 decrease	 in	 overuse	 LE	 injury	 incidence	 in	 favor	
for	 the	NMT	warm-	up	group.15,18	 In	another	RCT	with	
13-	17-	year-	old	females,	the	overuse	injury	incidence	was	
the	same	for	both	the	NMT	warm-	up	group	and	the	con-
trol	group.19	These	studies	used	time-	loss	and/or	medical	
appointment	 definitions	 for	 injuries	 and	 both	 reported	
a	relatively	 low	incidence	of	overuse	 injuries.	With	the	

OSTRC-	O	questionnaire	and	data	collection	methods,	an	
RCT	 of	 12-	17-	year-	old	 floorball	 players	 reported	 a	 45%	
decrease	 in	 the	 rate	 of	 acute	 injuries	 but	 no	 beneficial	
effect	 was	 seen	 in	 the	 prevalence	 of	 overuse	 injuries.10	
This	 study	 also	 reported	 that	 as	 many	 as	 two-	thirds	 of	
all	 injuries	 were	 overuse-	related,	 suggesting	 that	 most	
of	 the	overuse	 injury	burden	 is	 left	unnoticed	with	 the	
more	traditional	research	methods.

The	aim	of	this	RCT	was	to	examine	whether	the	prev-
alence	 of	 overuse	 LE	 injuries	 could	 be	 reduced	 with	 a	
NMT	warm-	up	in	9-	14 year-	old	children	playing	football.

2 |  METHODS

2.1 | Study design and participants

This	 was	 a	 two-	armed	 cluster-	randomized	 controlled	
trial	conducted	according	to	the	Consolidating	Standards	
for	 Reporting	 Clinical	 Trials	 (CONSORT).20	 The	 Ethics	
Committee	 of	 Pirkanmaa	 Hospital	 District	 (ETL-	code	
R13110)	approved	the	study.

The	follow-	up	period	was	dated	January-	June	2015.	In	
August	2014,	we	invited	all	20	U11-	U14	clubs	(92	teams,	
n = 1643	players)	in	the	Finnish	youth	football	player	de-
velopment	 monitoring	 program	 Sami	 Hyypiä	 Academy	
(SHA)	 to	 take	 part	 in	 the	 study.	 The	 program	 includes	
competitive	level	youth	soccer	clubs	across	Finland.	Every	
official	 player	 of	 the	 participating	 teams	 was	 eligible	 to	
enter	 the	 study.	 After	 an	 informed	 consent	 from	 each	
player's	legal	guardian,	altogether	1424	players	agreed	to	
participate	(Figure 1).	Players	with	any	injury	at	baseline	
were	also	included	in	the	study.

Computer-	generated	randomization	of	participants	
into	 intervention	 and	 control	 group	 was	 performed	
1  month	 prior	 to	 the	 start	 of	 follow-	up	 by	 a	 statisti-
cian	who	was	not	further	involved	in	the	study.	Home	
cities	 of	 the	 clubs	 were	 used	 as	 the	 unit	 of	 random-
ization	 to	 avoid	 intracity	 contamination	 of	 warm-	up	
methods.	 Cities	 with	 more	 than	 two	 clubs	 (n  =  1,	 4	
clubs),	 cities	 with	 two	 clubs	 (n  =  4)	 and	 cities	 with	
one	club	(n = 8)	were	allocated	 in	different	random-
ization	blocks	aiming	to	adjust	the	groups	by	city	size.	
The	three	blocks	were	randomized	separately	with	an	
even	number	of	clubs	in	both	groups	(10	clubs	each).	
Concealment	 of	 allocation	 was	 followed	 during	 ran-
domization	process.

K E Y W O R D S

children,	football,	injury	prevention,	neuromuscular	training,	overuse	injuries,	youth
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2.2 | Intervention

We	 conducted	 a	 20-	week	 intervention	 from	 January	 to	
June	2015	when	football	is	played	mainly	on	artificial	turf	
in	 Finland.	 Prior	 to	 the	 start	 of	 the	 intervention,	 we	 in-
vited	coaches	 from	the	 intervention	group	to	a	weekend	
workshop	for	theoretical	and	practical	education	in	foot-
ball	injury	prevention	and	the	study	NMT	warm-	up.	Each	

coach	received	a	tablet	including	instructions	and	videos	
of	the	exercises	and	completion	of	the	warm-	up	in	team	
practices.	The	videos	are	available	at	Video	S1.

The	 NMT	 warm-	up	 (Figure  S1)	 was	 developed	 based	
on	 the	 senior	 investigator's	 earlier	 NMT	 warm-	up	 with	
proven	efficacy	in	female	floorball.21	We	modified	the	ex-
isting	warm-	up	in	collaboration	with	experienced	football	
coaches	 for	 the	purpose	of	 this	 study.	We	 instructed	 the	

F I G U R E  1  Flow	chart

Allocated to intervention (n=684)
• Received allocated

intervention (n=676)
• Did not receive

allocated interventiona (n=8)

Allocated to control (n= 740)
• Started follow-up (n=733)
• withdrawal prior to follow-upa

(n=7)

Assessed for eligibility (n=20 clubs, 92 
teams; 1643 players)

Excluded (n=219 players)
• Declined to participate (n=219)

Randomised
(n=20 clubs, 92 teams; 1424 players )

Discontinued intervention (n=23)
• withdrawn, n=1
• quit playing football, n=3
• changed team, n=4
• acute injury rest of

follow-up, n=9
• unknown reason, n=6

Discontinued follow-up (n=33)
• withdrawn, n=2
• quit playing football, n=6
• changed team, n=1
• acute injury rest of

follow-up, n=15
• unknown reason, n=9

Analysed
(n=10 clubs; 44 teams; 676 players)

Analysed 
(n=10 clubs; 48 teams; 733 players)

Sub-analysed (598 players)
overuse injury-free at baseline

Sub-analysed  (647 players)
overuse injury-free at baseline

aStopped playing in the participating teams prior to follow up.
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teams	in	the	intervention	group	to	replace	their	standard	
warm-	up	with	NMT	warm-	up	2-	3	 times	a	week.	During	
the	intervention,	we	researchers	visited	each	intervention	
team	randomly	2-	3	times	to	oversee	training,	and	to	sup-
port	and	help	coaches	in	case	they	needed	help	in	exercise	
technique	or	other	aspects	of	the	program.

In	 a	 1-	hour	 pre-	study	 meeting,	 we	 introduced	 the	
teams	in	the	control	group	to	the	data	collection	methods	
and	advised	them	to	continue	their	usual	warm-	up	meth-
ods	during	follow-	up.	We	conducted	random	check-	ups	to	
the	control	clubs	for	evaluating	the	warm-	up	routines	in	
the	control	arm	during	study.	The	control	teams	were	in-
formed	to	receive	the	same	education	as	the	intervention	
group	after	the	study.

2.3 | Outcome measure

As	 the	 primary	 outcome,	 we	 analyzed	 the	 prevalence	 of	
football-	related	overuse	LE	injuries	(gradual	onset	injuries).	
Acute	injuries	have	been	analyzed	in	an	earlier	publication.17

We	 defined	 injuries	 following	 the	 Fuller	 consensus	
statement4	as	any	physical	complaints	resulting	from	foot-
ball	 activities,	 irrespective	of	 time-	loss	or	 the	need	 for	a	
medical	 appointment.	 Overuse	 injuries	 were	 defined	 as	
being	 caused	 by	 repeated	 microtrauma	 without	 a	 single	
identifiable	 event	 responsible	 for	 the	 injury.	 Secondarily	
we	analyzed	overuse	injuries	separately	for	different	body	
parts	 and	 by	 sex.	 Sub-	analyses	 were	 also	 conducted	 for	
substantial	overuse	injuries	defined	as	injuries	leading	to	
moderate	 or	 severe	 reductions	 in	 sports	 performance	 or	
participation	in	the	OSTRC-	O	questionnaire	or	time-	loss	
from	sports	entirely.5

2.4 | Data collection

Studied	 teams	 took	 part	 in	 baseline	 player	 monitoring	
events	 arranged	 by	 the	 SHA	 within	 5  months	 prior	 to	
follow-	up	 (Sep	 2014-	Jan	 2015).	 The	 players'	 guardians	

were	asked	to	complete	baseline	questionnaires	surveying	
basic	 information	 (age,	 sex)	 and	 injuries	 during	 the	 last	
12 months	(Table 1).

Players	 were	 asked	 to	 report	 weekly	 exposure	 hours	
for	 training	 and	 games	 once	 a	 month	 on	 a	 web-	based	
training	diary	as	a	routine	procedure	in	the	SHA	program	
(Table 1).	However,	the	reports	were	inadequate	and	cred-
ible	individual-	level	data	could	not	be	retrieved.	Thus,	we	
deviated	from	trial	protocol	and	report	team-	based	expo-
sure	 instead	 of	 individual	 exposure	 hours.	 Mean	 player	
practice	 hours	 within	 teams	 were	 calculated	 from	 indi-
viduals	reporting	exposure	data	and	the	mean	player	ex-
posure	was	used	 for	all	players	 in	 the	 team.	Team	game	
exposure	was	estimated	using	number	of	games,	standard	
game	durations	and	number	of	players	on	field.4	Number	
of	 games	 was	 obtained	 from	 the	 SHA	 and	 the	 Finnish	
Football	 Association.	 Team	 game	 exposure	 was	 divided	
even	for	the	players	in	the	team.

We	collected	overuse	 injury	data	via	weekly	 text	mes-
sages	to	players'	guardians	surveying	injury	symptoms:	has	
your	child	had	any	musculoskeletal	complaint	or	injuries	
during	the	previous	7 days	(yes/no)?	Whenever	players	or	
their	guardians	answered	“yes,”	they	were	contacted	by	a	
blinded	study	physical	therapist	for	a	structured	phone	in-
terview	with	the	guardian	and/or	the	player.	Overuse	LE	in-
juries	were	registered	using	the	OSTRC-	O	questionnaire,5	
which	measures	the	effects	of	an	overuse	injury	in	four	cat-
egories:	sports	participation,	training	volume,	performance	
and	 perceived	 pain.	 Each	 item	 is	 scored	 with	 either	 a	 4-	
point	or	a	5-	point	 scale,	 ranging	 from	0	 (no	problem,	no	
reduction,	no	effect	and	no	pain,	respectively)	to	25	(cannot	
participate	at	all).	The	OSTRC-	O	questionnaire	was	filled	
for	each	anatomical	area	separately	had	the	player	suffered	
from	more	than	one	injury	during	the	week.

The	 coaches	 in	 the	 intervention	 group	 submitted	
monthly	a	diary	of	all	NMT	warm-	up	sessions	conducted	
in	 their	 teams.	 At	 the	 end	 of	 the	 follow-	up	 period,	 the	
coaches	 in	 the	 control	 group	 completed	 a	 questionnaire	
concerning	their	teams'	possible	injury	prevention	strate-
gies	during	the	study	period.

Intervention Control

Players,	N 676 733

Females,	N	(%) 117	(17) 163	(22)

Age	(y),	mean	(SD) 12.2	(1.2) 12.3.	(1.1)

Height	(cm),	mean	(SD) 151.4	(10.1) 151.7	(9.8)

Weight	(kg),	mean	(SD) 41.4	(8.7) 41.2	(8.5)

Previous	injuries	(yes/no),	N 302 291

Injured	playersa	at	baseline,	N 79 85

Weekly	exposure	(h),	mean	(SD) 5.4	(1.4) 4.5	(0.9)
alower	extremity	overuse	injury.

T A B L E  1  Participant	characteristics
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2.5 | Power calculation and 
statistical analysis

We	conducted	a	cross-	sectional	pilot	study	in	2014	for	the	
SHA	players	(n = 1400)	to	estimate	optimal	sample	size.	
We	did	not	base	power	calculations	on	overuse	LE	inju-
ries	specifically	as	there	was	no	previous	experience	of	the	
use	 of	 OSTRC-	O	 data	 collection	 in	 youth	 football	 at	 the	
time.	Instead,	the	sample	size	was	based	on	the	seasonal	
incidence	of	acute	LE	injuries	and	the	hypothesis	of	20%	
reduction	in	those	injuries.17	We	considered	statistical	sig-
nificance	at	0.05.

We	 performed	 statistical	 analyses	 using	 IBM	 SPSS	
Statistics	for	Windows,	version	27.0	(IBM	Corp.).	We	cal-
culated	weekly	overuse	injury	prevalence	by	dividing	the	
number	of	players	reporting	injury	that	week	by	the	num-
ber	of	players	answering	to	the	text	message	in	the	group.	
We	compared	the	prevalence	of	overuse	LE	injury	between	
the	intervention	and	control	groups	with	generalized	lin-
ear	 mixed	 model	 (GLMM)	 using	 binomial	 distribution.	
The	model	was	based	on	repeated	measures	conducted	on	
the	 players	 as	 subjects.	 Overuse	 injuries	 were	 set	 as	 the	
outcome	 variable	 and	 the	 follow-	up	 week,	 study	 group	
and	interaction	between	follow-	up	week	and	study	group	
as	the	explanatory	variables.	The	club	was	used	as	random	
effect.	 Autoregressive	 moving	 average	 (ARMA11)	 as	 re-
peated	measures	covariance	structure	was	used	to	assess	
the	 dependency	 between	 several	 measurements	 from	 a	
single	player.	The	results	are	expressed	as	odds	ratios	(OR)	
from	the	interaction	with	95%	confidence	intervals	having	
the	control	group	as	reference.

We	conducted	the	primary	analysis	unadjusted	for	any	
covariates	and	by	the	intention	to	treat	(ITT)	principle	fol-
lowing	the	 trial	protocol.	We	also	made	two	supplemen-
tary	 analyses:	 first,	 an	 analysis	 adjusting	 the	 groups	 for	
age,	sex,	and	exposure	to	football	practice	and	games	(in-
cluded	as	additional	explanatory	variables	 in	 the	model)	
following	the	ITT	principle;	and	second,	an	efficacy	anal-
ysis	 accounting	 for	 the	 subgroup	 of	 overuse	 injury-	free	
players	at	baseline.	The	statistician	performing	the	anal-
yses	was	blinded.

3 |  RESULTS

3.1 | Player characteristics and response 
rate

The	 flow	 of	 players	 through	 study	 is	 shown	 in	 Figure  1	
following	the	CONSORT	guidelines.	All	approached	clubs	
agreed	to	participate,	resulting	in	1424	players	for	randomi-
zation.	Fifteen	players	stopped	playing	in	the	participating	
teams	between	study	recruitment	and	start	of	follow-	up,	

and	so,	the	final	sample	consisted	of	1409	players	(676	in	
the	intervention	group,	733	in	the	control	group).	During	
the	 intervention	 period,	 56	 players	 (3.9%)	 dropped-	out	
for	reasons	specified	in	Figure 1.	Data	from	these	players	
were	 included	 in	 the	 analyses	 for	 the	 time	 they	 partici-
pated.	Complete	overuse	injury	data	(20/20 weeks)	were	
obtained	from	1019	players.

The	 average	 response	 rate	 for	 the	 20	 text	 messages	
was	96%	in	the	intervention	group	and	95%	in	the	control	
group.	Seventy-	two	percent	of	the	players	answered	every	
week	and	95%	responded	15	times	or	more.

The	 data	 collection	 for	 individual	 exposure	 failed	
and,	 instead,	 we,	 therefore,	 report	 team-	based	 exposure.	
Exposure	 to	practice	and	games	was	5.4 hours	per	week	
in	the	intervention	group	and	4.5 hours	per	week	in	the	
control	group.	Exposure	was	significantly	higher	in	the	in-
tervention	group	(P < .001).

3.2 | Injury characteristics

A	total	of	615	(44%)	players	reported	at	least	one	overuse	
LE	injury	during	the	20-	week	follow-	up	and	171	of	these	
had	more	than	one	overuse	injury	(Table 2).	The	median	
duration	 of	 overuse	 LE	 injuries	 was	 2  weeks	 (range	 1-	
20)	and	the	number	of	 injuries	per	player	ranged	from	
0	to	5.	Overuse	injuries	were	reported	in	a	total	of	3070	
player-	weeks	and	the	injury	was	classified	as	substantial	
in	31%	of	these	weeks.	In	14%	of	these	weeks	the	over-
use	LE	injury	resulted	in	complete	time-	loss	from	sports	
participation	 (“cannot	 participate	 at	 all”	 in	 OSTRC-	O	
question	1).

The	most	common	injury	location	was	the	knee	(51%	
of	all	reported	overuse	LE	injuries)	 followed	by	the	heel	
(22%),	the	hip/groin	(7%)	and	the	ankle	(6%;	Table 2).

3.3 | Primary outcome: all overuse 
LE injuries

The	 average	 weekly	 prevalence	 for	 overuse	 LE	 inju-
ries	 was	 11.6%	 (95%	 CI:	 11.0%-	12.2%)	 in	 the	 interven-
tion	group	and	11.3%	(10.7%-	11.9%)	in	the	control	group	
(Table 3,	Figure 2).	In	the	GLMM	analysis,	no	difference	
was	observed	in	the	prevalence	of	all	overuse	LE	injuries	
between	groups:	OR	1.01	(95%	CI:	0.99-	1.03;	Table 3).

3.4 | Secondary outcomes

The	 weekly	 prevalence	 of	 overuse	 heel	 injuries	 was	 sig-
nificantly	 higher	 in	 the	 intervention	 group	 than	 in	 the	
control	group:	OR:	1.05	(95%	CI:	1.00-	1.10).
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The	 weekly	 prevalence	 of	 substantial	 overuse	 LE	 in-
juries	 was	 6.0%	 (95%	 CI:	 5.6%-	6.5%)	 in	 the	 intervention	
group	and	5.0%	(95%	CI:	4.7%-	5.4%)	in	the	control	group,	
being	similar	between	groups:	OR:	1.00	(95%	CI	0.97-	1.03).

In	 analyses	 adjusted	 for	 age,	 sex,	 and	 exposure	 to	
football	 practice	 and	 games,	 no	 major	 differences	 were	
observed	 compared	 to	 unadjusted	 primary	 analyses	
(Table S1).

In	 the	 subgroup,	 analysis	 including	 only	 overuse	
injury-	free	players	at	baseline,	the	prevalence	of	substan-
tial	LE	 injury	was	decreased	 in	 females	by	8%	in	 the	 in-
tervention	group	compared	to	the	controls:	OR:	0.92	(95%	
CI:	0.85-	1.00).	This	difference	was	not	seen	in	the	analysis	
of	males	or	both	sexes	combined.	 In	opposite,	 the	 inter-
vention	group	had	a	higher	prevalence	of	heel	 (6%)	and	

substantial	heel	(10%)	injuries	than	the	controls,	and	the	
differences	were	even	greater	examining	males	only	(10%	
and	13%,	respectively;	Table S2).

3.5 | Team adherence

In	 an	 average	 follow-	up	 week,	 63%	 of	 the	 teams	 con-
ducted	the	NMT	warm-	up	at	least	twice.17	In	January,	the	
adherence	 to	 the	program	was	higher	compared	 later	 in	
the	study	period.	Almost	all	 teams	(95%)	conducted	one	
or	more	sessions	on	75%	of	weeks,	which	was	considered	
moderate	 adherence	 overall.	 Mean	 session	 length	 was	
25 min	(range	10-	70 min).

A	total	of	34	out	of	48	teams	(71%)	in	the	control	group	
responded	to	the	questionnaire	on	injury	preventive	mea-
sures	 during	 the	 study	 period.	 Twenty-	five	 teams	 (74%	
out	 of	 34	 teams	 answering)	 reported	 having	 conducted	
some	 sort	 of	 weekly	 injury	 prevention	 strategy	 bearing	
similarity	to	the	NMT	examined	in	this	study.	Most	con-
trol	 teams	 included	 in	 their	weekly	 training	core	planks	
(94%),	single-	leg	lunges	and	jumps	(82%),	while	hip	mus-
cle	strength	exercises	were	less	popular	(41%).

4 |  DISCUSSION

4.1 | Main findings

We	 examined	 the	 effects	 of	 a	 NMT	 warm-	up	 on	 the	
prevalence	 of	 overuse	 LE	 injuries	 in	 a	 large	 cohort	 of	
9-	14-	year-	old	children	playing	football	competitively.	No	
significant	differences	were	seen	between	the	groups	in	
the	overall	prevalence	of	overuse	LE	injuries.	Opposite	
to	what	we	expected,	statistically	significant	differences	

T A B L E  2  Injury	characteristics

Intervention Control

No.	of	injured	players	(%) 297	(44%) 318	(43%)

No.	of	players	with	>1	
injuries

84	(12%) 87	(12%)

No.	of	new	injuries 395 411

Median	weeks	suffering	
from	a	single	injury

2 2

Reported	weeks	of	injury 1502 1568

Reported	weeks	of	
substantial	injury

784 699

Time-	loss	injury	weeks	(%) 271	(18%) 169	(11%)

Injury	sites,	No.	(%)

Knee 774	(52%) 793	(51%)

Heel 307	(20%) 367	(23%)

Ankle 134	(9%) 55	(4%)

Hip/groin 72	(5%) 131	(8%)

Mean weekly prevalence, % (95% CI)
GLMM 
analysis

Intervention Control
Odds ratio 
(95% CI)

All	injuries

LE 11.6	(11.0-	12.2) 11.3	(10.7-	11.9) 1.01	(0.99-	1.03)

Knee 6.0	(5.6-	6.4) 5.7	(5.3-	6.1) 0.99	(0.96-	1.02)

Heel 2.4	(2.1-	2.6) 2.6	(2.4-	2.9) 1.05 (1.00-	1.10)

Substantial	injuries

LE 6.0	(5.6-	6.5) 5.0	(4.7-	5.4) 1.00	(0.97-	1.03)

Knee 2.9	(2.6-	3.2) 2.4	(2.2-	2.7) 0.97	(0.93-	1.02)

Heel 1.2	(1.1-	1.5) 1.1	(1.0-	1.3) 1.06	(0.99-	1.13)

Note: All	analyses	are	performed	using	the	control	group	as	reference	value.
All	analyses	are	unadjusted	for	any	variables.
Significant	result	is	in	bold.

T A B L E  3  Lower	extremity	injury	
prevalence	generalized	linear	mixed	
model	(GLMM)	analysis	between	
intervention	and	control	groups
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F I G U R E  2  Weekly	overuse	injury	prevalence
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in	favor	of	not	performing	NMT	warm-	up	was	found	in	
the	 subanalyses	 of	 heel	 injuries,	 particularly	 in	 males.	
However,	the	change	in	absolute	risk	was	negligible	in	
the	 current	 follow-	up.	 Importantly,	 we	 witnessed	 that	
overuse	 LE	 injuries	 seem	 to	 be	 a	 big	 problem	 affect-
ing	one	in	10	players	at	any	given	time,	but	most	of	the	
overuse	 LE	 injury	 complaints	 do	 not	 lead	 to	 time-	loss	
acutely.

The	 results	 are	 much	 in	 line	 compared	 to	 earlier	 re-
search	 in	 youth	 team	 sports	 with	 similar	 methods	 on	
12-	17-	year-	old	 Swedish	 floorball	 players,	 where	 a	 signif-
icant	and	a	major	reduction	in	acute	injuries	but	no	dif-
ference	at	all	 in	overuse	 injuries	was	 seen	using	a	NMT	
warm-	up	 as	 intervention.10	 This	 Åkerlund	 et	 al's	 study	
reported	adverse	effects	of	the	NMT	program	on	overuse	
knee	 injuries	 in	 female	players.	No	such	effect	was	seen	
in	our	study	on	knee	injuries,	but	instead,	we	observed	a	
small	increase	in	the	prevalence	of	heel	injury	in	the	NMT	
group.	Knee	injuries	may	become	a	bigger	problem	later	
on	adolescence	than	in	our	study	population.

Three	relevant	RCTs	have	examined	the	effect	of	NMT	
warm-	up	on	overuse	 injuries	 in	youth	 football,	all	using	
time-	loss	and/or	medical	attention	definition	for	injuries.	
In	one	study,	the	result	was	similar	to	ours:	no	difference	
in	 overuse	 injury	 incidence	 between	 NMT	 warm-	up	 in-
tervention	 group	 and	 the	 control	 group	 in	 female	 youth	
football.19	 Soligard	 et	 al,18	 however,	 found	 a	 significant	
53%	 reduction	 in	 overuse	 injuries	 in	 favor	 for	 the	 NMT	
warm-	up	 group	 in	 female	 youth	 football.	 Rössler	 et	 al15	
reported	 low	 number	 and	 incidence	 of	 overuse	 injuries	
resulting	 in	 nonsignificant	 comparison	 between	 groups,	
but	 the	 NMT	 warm-	up	 was	 concluded	 as	 likely	 benefi-
cial	in	the	protection	of	overuse	injuries	in	7-	12-	year-	old	
children.	 In	 our	 study,	 time-	loss	 resulted	 from	 overuse	
LE	 injuries	 in	 only	 18%	 and	 11%	 of	 the	 cases	 in	 the	 in-
tervention	and	control	groups,	respectively,	making	these	
studies	less	comparable	with	the	current	study.	The	short-		
and	long-	term	impact	of	the	many	mild	overuse	injuries	
not	leading	to	acute	time-	loss	would	be	wise	to	be	investi-
gated	in	future,	as	these	have	not	been	previously	assessed	
sufficiently.

An	aspect	to	consider	in	the	interpretation	of	this	study	
is	that	the	children	may	not	have	been	used	to	NMT	train-
ing	 and	 when	 starting	 new	 practice	 routines	 the	 injury	
risk	could	temporarily	rise	due	to	underpreparedness	and	
increase	 in	 training	 workload	 before	 the	 body	 adapts	 to	
new	 exercise-	specific	 stimuli.22,23	 Starting	 new	 training	
interventions	should	be	done	gradually	 to	avoid	overuse	
injuries.	However,	we	did	not	see	a	declining	trend	in	the	
prevalence	of	overuse	 injuries	during	 the	20-	week	study	
period.	 Thus,	 a	 more	 plausible	 explanation	 may	 be	 that	
NMT	training	is	not	better	 than	standard	practice	 in	the	
prevention	of	overuse	injuries.

Also,	 the	 intervention	 group	 had	 20%	 more	 weekly	
exposure	hours	than	the	control	group,	making	the	inter-
pretation	more	difficult.	The	coaches	in	the	intervention	
group	were	instructed	to	perform	the	NMT	warm-	up	in-
stead	 of	 their	 usual	 warm-	up	 and	 not	 to	 lengthen	 their	
practice	sessions	while	starting	the	new	warm-	up	method	
but	 this	might	have	 failed.	The	 increase	 in	 training	 load	
may	 predispose	 for	 injuries.22,23	 No	 between-	group	 dif-
ferences	 in	 the	 prevalence	 of	 overuse	 LE	 injuries	 was	
seen	when	the	analysis	was	made	adjusting	for	exposure	
hours,	but	we	see	the	relative	risk	increase	in	training	load	
may	overcome	the	relative	risk	decrease	 in	adjusting	 for	
exposure.

Existing	 or	 latent	 overuse	 injuries	 may	 diminish	 the	
benefits	 from	 doing	 any	 injury	 prevention	 strategies.	
Especially	growth-	related	overuse	injuries,	such	as	apoph-
ysitis,	are	prevalent	in	this	age	group.2	In	our	data,	knee	
injuries	 were	 the	 most	 common	 injuries	 in	 our	 popula-
tion.	Especially,	injuries	such	as	Osgood-	Schlatter	disease	
do	not	ease	with	training	including	jumps	and	squats,	but	
by	restricting	workload.24	It	could	be	speculated	that	new	
training	 routines	 for	 players	 already	 suffering	 from	 an	
imminent	overuse	injury	would	worsen	their	symptoms.	
However,	whether	or	not	taking	into	account	these	play-
ers,	the	NMT	warm-	up	did	not	have	significant	impact	on	
the	injury	prevalence.

This	 study	 warrants	 further	 research	 with	 longer	 fol-
low-	up	 on	 NMT	 warm-	up	 and	 its	 effects	 on	 long-	term	
overuse	 injury	 prevalence	 in	 children.	 For	 now,	 NMT	
cannot	be	seen	conclusively	effective	in	the	prevention	of	
overuse	injuries	in	children's	football.	Also,	football	over-
use	 injuries	should	be	studied	 in	older	adolescent	popu-
lation	 with	 modern	 self-	report	 methods.	 The	 short-		 and	
long-	term	impact	of	the	mild	overuse	injuries	not	leading	
to	acute	time-	loss	should	also	be	further	 investigated.	In	
addition	to	controlled	trials,	future	focus	is	needed	on	the	
implementation	 of	 the	 recommended	 interventions	 in	 a	
real-	life	setting.25

In	this	 trial,	NMT	warm-	up	was	found	to	be	equal	 to	
standard	warm-	up	in	overall	overuse	LE	injury	prevention	
and	a	 small	 adverse	effect	was	observed	 in	overuse	heel	
injuries.	However,	we	encourage	NMT	to	be	implemented	
in	the	weekly	training	schedule	of	children	playing	foot-
ball	for	the	established	efficacy	in	the	prevention	of	acute	
injuries.

4.2 | Strengths and limitations

This	study	was	a	 large	RCT	conducted	 in	a	unique	chil-
dren's	study	population	 including	both	male	and	female	
players.	The	coach-	led	intervention	was	designed	applica-
ble	for	future	implementation	as	the	NMT	warm-	up	was	
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only	introduced	to	team	coaches	before	the	start	of	follow-
	up	and	after	that	was	operated	by	team	coaches	with	mini-
mal	support	from	the	study	personnel.

The	strengths	of	this	study	included	the	good	response	
rate	to	the	injury	survey	via	text	messages	and	the	study	
provided	positive	feedback	to	the	use	of	these	data	collec-
tion	methods	 in	 future	research	also.	The	exposure	 time	
data	collection	would	perhaps	be	wise	to	be	included	in	the	
text	message	data	collection:	a	clear	limitation	in	the	cur-
rent	methods	was	that	children	this	young	were	noncom-
pliant	 in	 reporting	 individual	 exposure	 via	 online	 diary	
and	team-	based	exposure	had	to	be	used	instead.	Another	
limitation	in	the	data	collection	is	that	the	OSTRC-	O	has	
not	been	validated	 in	children	 this	young	and	not	when	
completed	by	the	players'	guardians.

Unfortunately,	the	adherence	to	the	intervention	was	
observed	 to	 decrease	 during	 the	 follow-	up	 as	 is	 earlier	
reported	in	similar	trials.19,26	We	believe	that	the	length	
of	 the	 program	 may	 have	 been	 an	 obstacle	 limiting	
teams	 from	 continuing	 the	 intervention	 as	 regularly	
as	 expected.	 The	 increasing	 evidence	 on	 the	 utility	 of	
NMT	 on	 injury	 risk	 reduction	 may	 in	 future	 motivate	
team	 coaches	 to	 engage	 in	 this	 type	 of	 training	 better,	
although	it	is	clear	that	successful	implementation	is	a	
complicated	process.25,27,28

A	 limitation	 in	 interpreting	 the	study	results	 is	 that	
the	 control	 teams	 reported	 utilizing	 components	 of	
NMT	in	their	warm-	ups	and/or	supportive	training	ses-
sions.17	 It	 may	 be	 that	 the	 most	 relevant	 difference	 in	
the	 warm-	ups	 between	 intervention	 and	 control	 teams	
was	not	in	the	exercises	themselves,	but	in	the	system-
atic	and	structured	execution	of	 the	NMT	in	 the	 inter-
vention	group.

Other	limitations	in	the	study	methods	include	that	we	
did	not	include	power	calculations	for	overuse	injuries	in	
the	trial	protocol,	and	later	we	had	to	deviate	from	the	trial	
protocol	 in	 estimating	 individual	 exposure	 hours	 from	
team-	based	data.	We	did	not	make	adjustments	for	mul-
tiple	 analyses	 when	 examining	 the	 supplementary	 anal-
yses,	and	thus,	the	reported	significant	results	should	be	
interpreted	with	caution.	Due	to	the	multifactorial	nature	
of	overuse	injuries,	non-	football-	related	injuries	were	not	
identified	or	excluded	from	analysis	in	the	current	study.	
Also,	a	limitation	is	that	the	measured	weekly	prevalence	
as	an	outcome	did	not	account	for	the	specific	duration	of	
the	symptoms	in	days.

5 |  PERSPECTIVE

Overuse	LE	injuries	are	prevalent	in	children's	football	as	
we	observed	one	in	10	players	to	report	symptoms	of	these	
injuries	every	week.	NMT	warm-	up	was	equal	to	standard	

practice	 warm-	up	 in	 preventing	 overuse	 LE	 injuries	 in	
children's	 football	 during	 a	 follow-	up	 of	 20  weeks.	 The	
statistical	but	clinically	negligible	increase	in	the	risk	for	
heel	pain	in	the	players	performing	NMT	warm-	up	in	the	
current	 study	 should	 be	 noted	 and	 further	 investigated.	
Despite	this,	we	encourage	neuromuscular	training	to	be	
included	 in	 weekly	 practice	 in	 children's	 football	 for	 its	
established	 beneficial	 effects	 in	 the	 prevention	 of	 acute	
injuries.
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