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The aims of the current systematic review were to evaluate the Received 14 April 2021
current literature surrounding the chronic effect of flywheel training Accepted 12 July 2021
on the physical capacities of soccer players, and to identify areas for KEYWORDS

future research to establish guidelines for its use. Isoinertial: eccentric;
Studies were identified following a search of electronic databases resistance training; football
(PubMed and SPORTDiscus) in accordance with the Preferred

Reporting Items for Systematic Reviews and Meta-Analyses

Protocols (PRISMA).

Eleven studies met the inclusion criteria and were included. The

methodological quality of the included studies ranged between 10

and 18 with an average score of 15 points using the PEDro scale.

The training duration ranged from 6 weeks to 27 weeks, with

volume ranging from 1 to 6 sets and 6 to 10 repetitions, and

frequency from 1 to 2 times a week. This systematic review reported

that a diverse range of flywheel training interventions can effec-

tively improve strength, power, jump, and changes of direction in

male soccer players of varying levels.

Flywheel training interventions improve the physical capacities of

soccer players of varying levels. Nonetheless, the current literature

suggests contrasting evidence regarding flywheel training induced

changes in sprint speed and acceleration capacity of soccer players.

Introduction

Modern day soccer matches require players to perform numerous high-intensity actions
including accelerations, decelerations, jumps, sprints and changes of direction (COD)
(Morgans et al., 2014). The performance of such tasks requires rapid production of force
(Morgans et al., 2014) and often plays pivotal roles in determining on-field performance
and success (Faude et al., 2012). It is for this reason that soccer players require high levels
of muscular strength to repeatedly achieve successful outcomes during contact situations
(Beato et al., 2020c) and mitigate the risk of non-contact musculoskeletal injuries
(Hawkins, 2001; Lehance et al., 2008; Timmins et al., 2016). It is therefore paramount
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that strength and conditioning coaches identify and optimize methods that can efficiently
enhance strength and consequently improve the physical performance of soccer players
(Beato et al., 2020c¢).

Traditional resistance training programmes involving free weights and weight
stack machines based on the use of gravity-dependent loads have shown to
achieve desirable structural and neural adaptions in athletes (Vicens-Bordas et al.,
2018a). Nonetheless, these training modalities are limited by the load lifted in the
concentric phase and typically significantly underload the eccentric component of
the exercise task (Beato & Dello lacono, 2020; Dudley et al., 1991; Hollander et al.,
2007). In an attempt to achieve supramaximal eccentric loads using traditional
training methods, external operators or weight releasers have previously been
used (Beato & Dello lacono, 2020; Maroto-lzquierdo et al., 2017b). Nevertheless,
current application of such methods has been deemed difficult to implement by
practitioners and may not be well tolerated by athletes (Harden et al., 2020).

Alternatively, practitioners have employed flywheel-based exercises to enhance
strength and sport-specific performance (Beato et al., 2020d; Coratella et al., 2019;
Gonzalo-Skok et al., 2019; De Hoyo et al., 2016; Nuiez et al., 2019; Raya-Gonzdlez
et al., 2020a, 2021b; Suarez-Arrones et al., 2018). Berg and Tesch (1994) designed
flywheel devices to support the maintenance of skeletal muscle mass in astronauts
exposed to non-gravity environments during space travel (Berg & Tesch, 1994).
Flywheel ergometers (also referred to as isoinertial devices) achieve loading during
the eccentric phase (Raya-Gonzalez et al.,, 2020b) that replicates the movements
involved in athletic tasks (Petré et al., 2018). Specifically, during the concentric
phase, the athlete lengthens the cable, causing the flywheel to rotate, thus creating
inertial torque. Once fully extended, the flywheel continues to spin, shortening the
cable, which in turn requires the participant to resist the pull of the cable through
braking, thereby producing a high linear resistance during the eccentric phase
(Petré et al., 2018). This methodology appears to be a viable alternative to tradi-
tional resistance training with studies reporting higher electromyographic activity
(Norrbrand et al., 2010), improved sprint, change of direction and jump perfor-
mance (Beato & Dello lacono, 2020; Raya-Gonzédlez et al.,, 2020a) and positive
hypertrophic adaptations (Maroto-lzquierdo et al., 2017a). Additionally, the chronic
effects of flywheel training on performance variables such as power, strength, COD
and speed are well documented (Maroto-lzquierdo et al., 2017b).

Despite these findings, a systematic synthesis of research evidence investigating
the effects of flywheel training on strength, power and sport-specific task perfor-
mance of soccer players does not exist. Therefore, a summary of the literature
pertaining to flywheel training studies involving soccer players is necessary to
understand the benefits of this training methodology. The aim of the current
systematic review is to (i) evaluate the current literature surrounding the chronic
effect of flywheel training on physical capacities of soccer players, and (ii) identify
areas for future research to establish guidelines for its use in soccer.



RESEARCH IN SPORTS MEDICINE (&) 3

Methods
Search strategy

This systematic review was conducted in accordance with the Preferred Reporting Items
for Systematic Reviews and Meta-Analyses Protocols (PRISMA) (Liberati et al., 2009).
A systematic, computerized search of the databases PubMed and SPORTDiscus was
conducted by two separate reviewers (WA and KDK) up until 12 October 2020. Since
the flywheel technology was established in 1994 (Berg & Tesch, 1994), the time frame was
restricted to studies between January 1994 and October 2020. An additional search of the
literature was performed in January 2021 to ensure no relevant texts were missing prior to
the submission of the review. Search terms included: “Flywheel”, “Flywheel Training”,
“Isoinertial”, “Eccentric overload”, “Strength”, “Power”, “Speed”, “Change of direction”,
“Speed”, “Soccer”, and “Football”. Boolean operators “OR” and “AND” were utilized to
combine search terms. Filters (clinical trials, randomized control trials, full text) were used
during the search and language was restricted to English. Articles involving participants
<12 years old, >43 years old, or animals were excluded as these populations were not of
interest. A secondary search was then conducted using the reference lists of eligible
articles. Following both searches, studies were uploaded to a reference manager software
(Zotero, version 5.0.85, Corporation for Digital Scholarship, Vienna, U.S.A.). All articles were
reviewed and screened for duplicates. Based on the study title, author, year of publication,
DOI and ISBN fields, duplicates were identified and merged using the “Duplicate Items”
function. The titles and abstracts were screened for eligibility. Following this, a final screen
of all remaining full-text studies was conducted, with all those that did not meet the
criteria removed (Figure 1).

Study selection

An assessment of eligibility was conducted by two reviewers (WA and KDK) separately
using the study selection process presented in Figure 1. Studies identified through the
search were screened against the eligibility criteria (Table 1). Any contest related to study
inclusion/exclusion was clarified with a third reviewer (MB).

Analysis of results

While the methodological quality of studies is often conducted using either: (i) the PEDro
scale; (ii) the Delphi scale; or (iii) the Cochrane scale, previous research has illustrated that
non-healthcare studies (i.e., strength and conditioning) typically score low using these
methodological scales (Brughelli et al., 2008; Markovic & Newton, 2007). Subsequently,
using methods similar to Brughelli et al. (Brughelli et al., 2008), the eleven selected studies
were assessed separately by the same two reviewers (WA and KDK) using an evaluation
derived from the three aforementioned scales. The aim of this analysis was to evaluate
study quality and identify areas of methodological weakness (Table 2). The scale utilizes
10-item criteria ranging from 0 to 20 points and the score for each criterion was as follows:
0 = clearly no; 1 = maybe; and 2 = clearly yes. Despite the fact, these scales provide little
guidance regarding the classification of a study according to its score, previous
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Table 1. Eligibility Criteria.

Age Participants included were between 12 and 43 years of age.

Injury status Participants were free from injury or illness.

Population Participants included were competitive male soccer athletes of various training levels (i.e.
amateur, academy elite, professional).

Metrics Data reported was specific to at least one of the following: strength, power, jumping, maximal
running speed, changes of direction.

Intervention The study utilised a flywheel device (e.g., conical pulley, isoinertial machine) to elicit chronic

adaptations.
Intervention period ~ The intervention period implemented was >4 weeks.
Supplement/ Participants were not prescribed supplements or ergogenic aids during the intervention period.
ergogenic aids

researchers (Roig et al., 2009, 2008) have established the following criteria to determine
study quality: score >15 = high quality, score 10-15 = moderate quality, <10 = low quality.
Any differences between the reported quality were clarified and settled with a third
reviewer (MB).

Results
Methodological quality assessment

Table 2 shows the individual scores for the quality assessment. Values ranged from 10 to
18 points (moderate to high), with an average score of 15 points (moderate). Regarding the
individual quality assessment, six studies were categorized as high, while the five remain-
ing studies were categorized as being of moderate quality. Some sources of bias arose
from lack of random allocation to groups, lacking control groups or no testing for
similarity at baseline for some studies. Although the studies were ranked as moderate or
high, such limitations may increase the risk of bias and therefore affect the analysis and
conclusions of specific studies.

Criteria included

(1) Inclusion criteria were clearly stated;

(2) Subjects were randomly allocated to groups;

(3) Intervention was clearly defined;

(4) Groups were tested for similarity at baseline;

(5) Use of a control group;

(6) Outcome variables were clearly defined;

(7) Assessments were practically useful;

(8) Duration of intervention practically useful;

(9) Between-group statistical analysis appropriate (e.g., analysis of covariance);
) Point measures of variability.

Participants

Eleven studies met the inclusion criteria and were included in the review (Table 3).
Intervention and participant data are reported as mean * standard deviation (SD) unless
stated otherwise. Hedges g was calculated from the original investigations to determine



—
<<
[
1]
=z
i
—
]
<<
J
-
=

(9102)

‘e

21bIapow opJefeq
€l C 0 4 4 4 L L 4 0 L -Snoj

ybiy (0z02)
[l 4 L L L z 4 [4 4 14 14 ‘e 39 ARbes

ybiy (6100)
9l C 0 C L 4 4 4 C 4 L ‘le 19 ZzaunN

(8107)

‘e

albiapow SaUOLY
ol L 0 4 L 4 0 0 4 0 4 -zaleng

(eLzoz

“le 1

ybry Z3|eZU0D)
8l C 4 4 4 4 C 0 4 4 4 -ehey

(6102)

‘e

ybiy A0YS
Sl C 0 C 4 4 0 4 4 4 L -0jezuon

aibiopow (0z02)
vl z z L z z 0 0 4 z L [e 33 1jj1o!4

(9100)

aviapow ‘e
€L z 0 z L z z 0 z 0 z ofoH aq

(S1L07)

albiapow ‘e
vl z L z L z z 0 z 0 z ofoH 2@

(6107)

ybry ‘e 3
Ll 4 4 4 4 4 0 L 4 4 4 e|[31e10D

(€007)

ybiy “le1d
8l 4 z 4 L z 4 4 4 z L Bupisy
jJudwissassy  AMjiqeriep ajendosddy Injasn Kjedndeid Injasn pauyaq dnoap aujaseg pauyaqg uonedo||ly  eMdD) loyny

Ajend  jo sainsealy  sisAjeuy sjels uonuUAAINU| Ajedndead sd|qere  [o1uo)  le Ajuejlwis JOj UOIJUSAJIRIU|  wopuey uoisnpuj
julod dnoin-uaamiag Jo uoneing SJUDWISSASSY  BW0dINQ paisa] sdnoin

*saIpnis Jo Aujenb jedibojopoyiay “z djqel



RESEARCH IN SPORTS MEDICINE (&) 7

(panuruo?)

(a1043pOW ‘48 0— = D)

ulds w oL bulkl4

(a1p43pow ‘09°0 = b)
Wby rwd

(i1ows ‘67°0 = b)
onel :ouonuuwI
(a1p43pow ‘57°0 = b
‘iows ‘9g°0 = b)
anbioy
yead 13U pue J1UIdIU0D sdadupend
(@buo) 'Ly’ L— = b)
Aupbe 1s93-|
(a1043pOW “46°0— = D)
91NYs W 0z + 0¢

(21049pOW ‘60— = b)
uds w Qg
(213049pOW 1" = D)
anbJo} yead duyua39 bulswey
(213049pOW “6/°0 = D)
anbJo} yead du3usdu0d HulisweH

‘9duewIouad Juuds

w Q| Joj payodas atlem NOD
pue dx3 U9aM1aq SDUIILYIP ON
‘NOD

0} uosiedwod uj duewlopad
juuds w oz pue ‘w o buiky

‘MIND Ul dX3 J93je syuswanoidw|

‘Apuesyiubis paads juuds

w Q€ Jo w Q| padueyus NOD
lou ¢X3 J3YNaN "Ssew ues| pue
yibuans bupswey ‘WYL yenbs
‘rIND ‘dwinf 1enbs panoidui
Apuesyiubis yioq NOD pue dx3
‘NOD ueyy

05 2I0W 5,09 1e oljes “p:
221y pue ‘anbiol yead duuaxda
pue J13u3du0d sdadupend
‘Aupibe 1s33-1 ‘aInys w 07 + 0T

panoisdwi Ajpuedyiubis dx3

‘NOD ut abueyd
ou ‘awn uuds w og Bulky
panoidwi Ajpuedyiubis 4x3
"NOD Ut 3bueyd ou ‘, _s,09

1e yibuaiys buswey dL3UIID
pue J113USdU0D J113UOS]

panoidwi Appuedyiubis dx3

ubisap

Apnis paziwopues

-uou pajjonuo)

Buluren 133309

(SL =U) NOD

14N> 63| suoid pue

1enbs jjey |9aymA|4
(8L =u) dx3

indino

Jamod Jaybiy uo buipuadap

pasn Sem i JO  e1udu|

sdal 9 X 5135 9—¢

(1303 Ut £1) %e3m 1ad
SUOISS3S Z—| — M 0L

(IK0'L F0°LL) NOD
(sIK0'L F 0°8L) dX3

s1okeld
13300s Awiapede LN

-/ Ysiueds sjew 9¢ (5102) '|e 33 0foH 3@

"|lely paziwopuel

WY 1%08 dnoib-omy

NOD 19]|e4ed ‘1s0d-aid
LAUBY 1170 e1udul dX3 (WY1908) syenbs SOy F 0T
sdal g X 5135 9— |I9gJeg (0z = U) NOD s1okeld

(|ex03 Ui 8) 329m Jad
UOISSaS | — SYM 8

sienbs |9aymA|4 |euolssa40id-1was {
(0Z = U) dX3 UOISIAIp UBl|eY| 3jew Of (6107) "[e 32 e||33R10D
(s1K 9°€ F 0°'97) NOD

pavodai Jou ey Buiuiesy 193305 (sih 97 F 0vT) dX3

sdas 8 X $19s ¢ (SL=u) NOD siake|d
(12103 u1 91) o 192205 [euoissajoud
yoam Jad 63] auoud [9aymA|4 anbes Jaiwald

SUOISSas 7—| — M 0L (S1L=u)dx3 ysipams sjew o¢ (€002) “[e 32 Buipisy

uonelaidiaul
pueb sabpaH

sbulpul4

A1isua1u| pue awnjoA ‘uoneing UOIUBAIBI| (2by)

syuediiued

(1eap) Apmg

‘buluiesy [paymAyy buimojjoy siaked 13310s ul suoneirdepe djuosyd palebiisanul 1yl saIpNIs Jo Alewwns € d|qel



—
<<
[
1]
=z
i
—
]
<<
J
-
=

(panutjuod)

(ows ‘gy°0— = b)
uuds w g9

(@buo) ‘L£71— = b)

1591 Ayj1be-A

(21049pOW “€8°0 = D)
1yb1ay doy pajeadsy
(a1p13pow ‘y6°0 = b)
awi 1ejuod dwnf doig
(21049pOW ‘¥ = D)

613y dwnf dosg dwnf dop uj saseasdu uedyiubis

(23019pOW ‘760 = D)
as|ndwi bupjeiq aaneRy
(23049pOW “16°0 = D)
92104 anis|ndoud aaneRy
Bund Jano0ssos)
(21D49pOW ‘S6°0— = D)
awn bupesg
(ebuv; ‘g’ L~ = b)
awi} 19e3U0)

bund days-apis

"Xapul y1buans aA1deal
pue swn 1oe3u0d doy pareadal
10 Xapul yibuais aaideas dwnf

doip panosdwi Apuedyiubis
NOD Jou dX3 13YaN

‘1591

bupooys 43310s ybnoioqybno
pue “1s31 Aujibe sioul)||
‘yb1ay dwn( 1enbs pasueyus
Apuesyiubis NOD pue dx3
‘NOD j0u Inq dx3 Joye
payiodal a1om duewiopd
juuds w Q9 pue ‘1591

Aujibe A 1ybiay doy pareadal
‘awr} 1oe0d pue ybiay

swi bupjeiq pue 1oe3U0d
U32MI3q payiodal SadURIIPIP
ON "NOD uey} dx3 1aye os
2Jow panoidwy asindwi buryelq
9A1B|9J pue 340} dAIsindoid
dA11e|2J BuilINd J19A0SS0I)
-9s|indwi

aAIs|ndoud pue buryeiq saie(s
‘|e101 aAne[al ‘2104 aais|ndoid
pue bupjeiq yead anneas
‘aseyd anisindoid uj sdnoib
U39MI3q payiodal SadUIIYPIP

ON "NOD UBY1 dxXJ Jo)ye 0s aiow
panosdwi sem awiy bupjeiq

pue 1oejuo0d buind dais-apis

pauodal Jou eruau|
sdas / X $195 ¢
(le3o3 ur z1)

99m Jad

SUOISSSS ¢ — SHM 9

o Indino

Jamod 1aybiy uo buipuadap
pasn sem 1o g elJau|

sdaJ 9 X $13s 9-¢

(leo1 U1 g1)

3o9Mm Jad

SUOISS3S 7-1 — SHHM Q1

ubisap
2.nseaw-pajeadal
paziwopuel
pajj041u0)
bujuiesy du12wWoA|d
(9L = u) NOD (sI£80 F 9£€L)
syusWwaAoW Bupdy NOD
pue uoljeia|Rde (sihzL FTEL) dX3
|99yMA|4 s19fejd
(8L = u) dx3 Awapede ajew p¢ (0702) "|e 33 HjjHoKy
ubisap

Apnis paziwopuel

-uou pajjosuod)

Bujuresy 193305

(71 = u) NOD

14N> 63| auoid pue

1enbs-jjey [9aymA|4
(£1 =u) dx3

SIKOLFOLL
s1afejd
133005 Awapede

61N ysiueds ajew ¢ (9102) '|e 19 okoH aq

uonejaidiaiul
pueb sabpaH

sbupuiy

Ayisua1u| pue awnjop ‘uoneing

(2bv) (1eap) Apmig

syuedpiued

UoljusAialu|

‘(penunuod) "¢ 3|qel



RESEARCH IN SPORTS MEDICINE (&) 9

(panunuod)

b sabpay a1e|ndjed 03 3jqeun

(2b4p| 0} 23pIGPOW ‘S — 0) L6'0— = D)
W 0z 32y3p Aod

(2bipy fian 0} abip] ‘50— 01 OF'L— = D)
wozaod

(8b4p) ‘11— 0} €' L— = D)

w oL 3y3p aod

(2b40] '86°L— 03 8'L— = D)

w oL aod

(aap43pows ‘L 1" 01 99°0 = b)

Wby rWd 1S

awiy upds w op pue

‘W Q€ ‘W Q| paduURYUS OS[e dX3
*dX3 1aye Jamod

jenbs-jjey |esaiejiq pue -jun

ul pauodas a1am syuswanoidw)

9duewopad

uuds w g pue ‘w oz

‘W oL 40j NOD pue dX3 usamiaq
panodas sadUBIRYIP ON
‘POLJ2PA0D ‘POLAOD

ur spuawanoadwi Juedyiubis
pauodas NOD seataym paskjeue
s9|qeleA J9pdod pue 4od e
u| syuswanoidwi pauodal 4x3
"NOD uey} sbaj

JUBUIWOP-UOU pue JuBUIWOP
y10g yum ybIay D ul

sabueyd juedyiubis psuodal dx3

"SAS 10 MAQ ‘MAS

J13ye dduewlopad burdwn(
|ewuoziioy 63|-31buls Aue

10} palI0dal JUBWIADUBYUS ON

ubisap Ydieasal

SEIBEIEN saInsesaw-pajeaday
paads 1saybiy yum eiusu| Jdwweiboid
6% 97°0 10 61°0, pue yibuans
Wb 01°0 40 50°0, B1MBUY| 40 1ed se Bujuren ‘K80 F S/L
suoiadal 01-§ Jo S19s Z-1 |esale|iq pue siakejd
(je101 |esa1e[iun [93ymA|l4 132205 Awiapede |
ul ¥5) Yoam 1ad 7 - 4m /g (7L =u) dX3 UoOISINQ Uelfe} 3BW ¥ (8LOT) '|© 39 S3UOLIY-Z3tens
ubisap ety

]0J3U0d paziwopuey

Wby 52070 eraY| Bujuiesy 193305

sdas QL-8 Jo 195 $—¢ (LL =Uu) NOD pauodal Jou aby
(1e303 u1 Q1) syenbs s1afejd
y99m Jad |esie| [9aymA|4 132005 Awapede

uoIssas | —s¥m 0l (LL=u)dx3 9LN ystueds sjew gz (eLZOT “|e 19 Z3|gzUOD-eARY

ubisap Apmis dnoib
|9|jesed paziwopuey

‘69 J1xeam (¥l =u)
3y yum s19s buiuels pue SAS
SWN|OA |RUOI}IPPE 10} SpeW 3¢ (LL=u)
(ilows ‘g5'0— = b) PINOYys suoieispisuo) "SAS pue MAQd
Answuwdse doy ajdu MAS ueyy os asow AjpwwiAse AP £T°0 e1uau| (oL =u) L0 F¥SL
(I/pws ‘ss"0— doy-ajdul panrosdwi mAQ 9pIs yoea sdai g X 195 ¢ MAS 4 siakejd
0} 1£°0— = b) AnawwAse fAd s 'SAS PUB ‘MAd ‘MAS (1303 U1 Q1) jenbs |eiaje 192705 Awapede
(/pwis ‘90 01 £T°0 = b) 19ye panoadwi Apybis sem 39am Jad |esa1e[1un [93YyMmA|l4 /LN T UoIsIAIQ
by (WD AnswuwAse pue duewsopad (AD uoISSaS | — M Q1 (5€ = u) dx3 ysiueds sjew G (6107) ‘| 19 40)S-0]ezuon
uonelaidiayul sbuipulq A)suaju| pue awnjop ‘uofieing UOIURAIRI| (aby) (1e3p) ApMis

pueb sabpaH

syuedpined

(panupuod) *€ s|qe]



'sjenbs |esale] 10} ;w.bY L1°0 pue ,w.By £Z°0 sem s Bulswey [esdlejiun pue sabunj piemydeq ‘(sdoyd> poom 3s1aA31) suonel0l yuniy [euobelp 1oy eiau),
"9JIAIP A3||nd BSISA 104,
"3IAIP X0g ) Y1 o4,
‘suolelea jenbs ey pue uoisuaixa diy ‘abun| [paymAyy
‘11N> B3] 0A-OA [e133RIIUN ,, B3] J9BUOAIS YuM Bulliels 1Y30q YIM SWIN|oA SWES :SAS (B3| 1qeam Yum Burliels pue swnjoa 3|Gnoq :MAJ ‘B3| Jasieam yum Builels 1Y10q yim SWnjoA SWES = MAS,
"319M SPeo| 3533 Jeym Aydads 10U pIp INg Speoj [erliaul JuIPIP om) Buisn patiodai (9107 (S10T) ‘e 32 0AOH a(,
"0114 DLJUIDUOD 0} JLIUIIID = Ol1e) NOD:DDT ‘UoidalIp Jo abuey) = oD ‘sanow = w ‘dwn(
JUBWIAOWIRIUNO) = [AD ‘ones anbiol yead sdasupenb du3uadU0> 01 Bubiswey dUIUNNI = onel “2P22y ‘wnwixew uoadal | = WYL ‘0auo) = NOD ‘dnoib |euswnadx3 = dx3

ubisap

Apnis pajjonuod
paziwopuel-uopN
EENBICXCHITMEI
papeo| pue paads
1eaul| “11RwWoA|d

‘dX3 ueyy

0s aJow (D Padueyud NOD
"W} 12RO

1o ssauyns appsnw ybray
dwn( uesw pajeadas ‘swn

(JuswaN3p 10 ‘uedw ‘159q) By Lo (ZL =u) NOD
unds pajeadas 10 w Qg ‘W QL 10 Wby /70 eruauyl, unIp
pacueyud dX3 Jou NOD JayueN sda1 01-9 X 5195 T Buuien Aiojeigia SIKG0F LL
(ijpws ‘sy0 = b) ‘NOD uey} os aiow bHuiddoy (lexo1r ur 1) pue peojsno s1afejd
1amod anie|as abeisaae uesw buiddoy Bunnp samod aanejas abesane y9am Jad JLIJUIIII [eUOdUN 192305 Awapede

(261p) "7 L— = b) 9>ueWwIONAd IND-)  UBIW PUE 1S3) IND-A PISURYUD dX] UOISSS | — SHM || (ZL=Uu)dx3  8LN ysiueds sjew 7 (9107) ‘'[e 13 opJefe4-sno|
WYL %S8< 01 0L+ Sg
‘paseasdul

sem ejpaul 195 jo dai

1ad w6y Jad spem ¢ < 4|
Wby 100

'SL0°0

‘G0°0 'ST0°0 sl dX3
sdas 01-9 X S19S y—¢€
(lexoy ui z1)

}99Mm Jad

SUOISSAS 7 — SYM 9

ubisap Apnis [eL}
|0J3U0d paziwopuey
Bujurely 41931305 (SIK¥'T F €52)
(¢L = u)NOD NOD
spnd (sIk 1’7 F €7€0)59
JIpioN pue sienbs (iK€ F 1'€7) dX3
|I394eg (€1 = ) S9 s1afe|d
(€1 = u) spNd d1pIoN 132205 anbes| (9 pue
pue sjenbs [9aymA|4 G J91]) Jndjewe
(€1 =u) dx3 ueibamioN ajew g¢

‘dX3 03 uosuedwod

ul g Jaye Juswanoidwi

y1buains 1enbs Y| uedyiubis

(23019pOWI 00’ = D) ‘NOD 01 pasedwod dnoub syenbs

WD 19q4eq pue [paymAy yioq

(lpwss ‘070~ = b) ur ybiay D pue awiy unds
juuds w QL w QL ul syuswanoidwi Juedyiubig

‘sawif} Jupds w Qg Jou

‘W Oz-0L ‘W QL ul sadUIYIP

(0202) "Ie 12 Ajabes

ou pauodas NOD pue dx3
‘dx3 uey) 1amod uesw

J113U3dU0) J33ealh payiodal

NOD "NOD 03 uosuedwod

ur oijed NOD:DD3I pue Jamod

111U ueaw da3s-3uoiy ul dX3J
10y payiodal a19m syuswanosdw)

(abipj '69°L = b)
onel NOD>:213
(abipj ‘g€’ L = b)
Jamod HH3 ueaw dals-juol4

W. J. C. ALLEN ET AL.

Hujuresy oupwoL|d
pue pajs buiajoaul
Bujuresy dueIsISAY

pauodal Jou efuau| (0L = u) NOD SIKO'LFOLL
(B3] yoed) 9 X €7 dais juouy s1afejd
(]e301 Ul 6) |ejuoziIoY [93YymA|4 192205 Awapede
%99Mm Jad UOIsSas | — SHM 6 (0L =u)dx3 a3 yslueds sjew oz (6107) |e 32 zaunN

uoneyaidiau
pueb sabpaH

sbuiput4

Auisua1u| pue awnjoA ‘uoneing

(abv) (1eap) Apmis

syuedpiued

UOUBAIBIU|

o
—

“(Panunuod) ¢ 3|qel



RESEARCH IN SPORTS MEDICINE (&) 11

study outcomes and was interpreted as trivial < 0.2, small 0.2-0.6, moderate 0.6-1.2, large
1.2-2.0, very large > 2.0 (Hopkins et al., 2009). Such an approach allows for estimation of
unbiased effects and standardized comparisons between protocols (Lakens, 2013). The
equation d = My#Sa.(Mgi, mean difference, S,, average SD) was used for this purpose
with the adjustment factor of:

g=(1—-3/dy — —1)xd

A total of 337 participants were included in the review such as 193 participants in the
flywheel groups, 64 participants in alternative training groups, while 77 participants
served as controls. Gonzalo-Skok et al. (2019) utilized and randomized study design
dividing players into three groups (A-B-C) based on physical performance, while Suarez-
Arrones et al., (2018) used a repeated measures design. Participants in 8 of the 11 studies
included elite academy soccer players (Fiorilli et al., 2020; Gonzalo-Skok et al., 2019; De
Hoyo et al, 2015, 2016; Nufez et al., 2019; Raya-Gonzdlez et al., 2021a; Suarez-Arrones
et al.,, 2018; Tous-Fajardo et al., 2016). The remaining studies included players from 2
professional Swedish premier league teams (Askling et al. 2003), 2 semi-professional (Serie
D) soccer teams (Coratella et al., 2019) and 38 recreational players from the fifth and sixth
tier of the Norwegian National League (Sagelv et al., 2020).

Interventions

Excluding Suarez-Arrones et al. (2018b), whose intervention included 54 training sessions
over 27 weeks, the rest of the literature utilized 8-18 training sessions over 6-11 weeks.
Single and multi-exercise interventions were performed as parts of strength training
circuits or in isolation. The review also reports that different types of fixed and portable
equipment involving different pulley systems (conical and cylinder) have been utilized
within soccer. Progressive stages of training included varying training volume, intensity
and frequency. In the 11 selected studies, volume ranged from 1 to 6 sets of 5-10
repetitions with frequency varying from 1 to 2 sessions a week. Seven studies utilized
inertias ranging from 0.025 to 0.27 kgm? (Coratella et al., 2019; Gonzalo-Skok et al., 2019;
De Hoyo et al., 2015; Raya-Gonzalez et al., 2021a; Sagelv et al., 2020; Suarez-Arrones et al.,
2018; Tous-Fajardo et al., 2016), while the inertia used in the remaining studies was not
reported (Askling et al. 2003; Fiorilli et al., 2020; De Hoyo et al., 2015, 2016; Nufiez et al.,
2019). Eight of the eleven studies followed a progressive programme, gradually increasing
training volume or intensity over the intervention period (Coratella et al., 2019; De Hoyo
et al, 2015, 2016; Nunez et al., 2019; Raya-Gonzadlez et al., 2021a; Sagelv et al., 2020;
Suarez-Arrones et al., 2018; Tous-Fajardo et al., 2016). Finally, five studies individualized
intensity by selecting inertias reporting the highest power outputs (De Hoyo et al., 2015,
2016; Nuiez et al., 2019; Sagelv et al., 2020; Suarez-Arrones et al., 2018).

Strength and power

Strength and power outcomes were evaluated in five of the eleven studies included in the
review (Table 3) (Askling et al. 2003; Coratella et al., 2019; Nuiiez et al,, 2019; Sagelv et al.,
2020; Suarez-Arrones et al., 2018). Although Coratella et al. (2019) reported an excellent
test-retest reliability (a = 0.900-0.944) for isokinetic testing, Askling et al. (2003) did not
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report any reliability measures. Only Sagelv et al. (2020) reported a reliability measure for
the 1RM squat (CV = 2.9%) although this was obtained from another study. Nufez et al.
(2019) reported good reliability for all lower limb power measures recorded with
a flywheel device (ICC = 0.80-0.81, CV = 8.3-10.4%). Similarly, Suarez-Arrones et al.
(2018) also reported reliability (0.52 + 0.17%) for the velocity measurements recorded
with a flywheel device.

Jump

Seven studies reported jumping outcome measures using a variety of tests (bi- and
unilateral CMJ, single leg hop and triple hop, horizontal jump, rebound jump, hopping,
squat jump) (Coratella et al., 2019; Fiorilli et al., 2020; Gonzalo-Skok et al., 2019; De Hoyo
et al, 2015; Raya-Gonzalez et al, 2021a; Tous-Fajardo et al., 2016). Performance was
measured on devices referred to as infrared devices, infrared-light platforms, portable
force plates, photocells systems, and photoelectric cells. Coratella et al. (2019) used an
infrared device, reporting excellent reliability for SJ (a = 0.934) and CMJ (a = 0.903). Others
authors reported the CV of the device from previous studies but did not report ICC (Fiorilli
et al,, 2020; Sagelv et al., 2020). On the other hand, Raya-Gonzadlez et al. (2021b) reported
both the ICC and CV for the CMJ with dominant leg (0.97% and 3.1%) and non-dominant
leg (0.99% and 1.4%). Tous-Fajardo et al. (2016) reported the ICC for CMJ (0.97) and
hopping (0.83), while Gonzalo-Skok et al. (2019) reported that all tests had CV values
<10% and good to excellent ICC values. Specifically, the study reported reliability mea-
sures for single leg hops (ICC = 0.79-0.84, CV = 4.5-5.3%), triple single-leg horizontal
jumps (ICC = 0.83-0.85, CV = 4.2-4.3%), unilateral (ICC = 0.91-0.94, CV = 5.4-6.6%) and
bilateral CMJ (ICC = 0.96, CV = 3.3%).

Running speed/sprinting

Nine of the 11 investigations included in this review investigated acceleration or maximal
running speed (Table 3) (Askling et al. 2003; Coratella et al., 2019; Fiorilli et al., 2020; De
Hoyo et al., 2015; Nufez et al., 2019; Raya-Gonzélez et al., 2021a; Sagelv et al., 2020;
Suarez-Arrones et al., 2018; Tous-Fajardo et al., 2016). Investigations reported using photo
or photoelectric cells, infrared devices, single- and dual-beam electronic timing gates. Five
of the 11 investigations did not report any reliability measures for sprint measurements
(Askling et al. 2003; De Hoyo et al., 2015; Nufiez et al., 2019; Suarez-Arrones et al., 2018;
Tous-Fajardo et al., 2016). (Coratella et al., 2019) reported excellent reliability for standing
start 10 m (a = 0.920) and 30 m (a = 0.902) sprint times. Raya-Gonzalez et al. (2021b)
reported the ICC and CV for 10 m (0.74% and 1.6%), 20 m (0.84% and 1.6%) and 30 m
(0.90% and 1.3%). Finally, Sagelv et al. (2020) and Fiorilli et al. (2020) analyzed both
reliability measures from other studies.

Change of Direction

Six studies investigated the effects of flywheel training on COD performance (Table 3)
(Coratella et al., 2019; Fiorilli et al., 2020; De Hoyo et al., 2015, 2016; Raya-Gonzélez et al.,
2021a; Tous-Fajardo et al., 2016). Studies investigated COD performance in a variety of
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reported systems (infrared device, force plates and photoelectric cells). Coratella et al.
(2019) reported good reliability for 20 + 20 m shuttle (a = 0.867) and T-Test agility
(a = 0.884). Fiorilli et al. (2020) performed the Y-agility and lllinois COD test, reporting
the intra class correlation from another study only for the latter. Tous-Fajardo et al. (2016)
reported excellent reliability for the V cut test (ICC = 0.91), good reliability for the repeated
sprint ability mean time (ICC = 0.87), and moderate reliability for percentage decrement
during the RSA test (ICC = 0.57). Raya-Gonzalez et al. (2021b) utilized two pairs of photo-
electric cells, reporting moderate to excellent ICC during various COD tasks. Specifically,
the test reliability is reported here: COD10d (ICC = 0.99 and CV = 0.5%); COD10nd
(ICC = 0.87 and CV = 1.7%); COD20d (ICC = 0.74 and CV = 1.9%); 20CODnd (ICC = 0.93
and CV = 1.0%). Other studies did not report reliability measures for their investigation (De
Hoyo et al., 2015, 2016) .

Discussion

The aims of the current systematic review were to (i) evaluate the current literature
surrounding the chronic effect of flywheel training on physical capacities of soccer
players, and (ii) to identify areas for future research to establish guidelines for its use in
soccer. Eleven studies were included in the review (Table 3), spanning youth academy
players to professional adult soccer players. The review reports varying levels of improve-
ment in strength, jump, sprint and COD ability after uni- and bilateral flywheel training
protocols. The current review supports the notion that flywheel training enhances per-
formance variables in soccer players; however, further research is required before stan-
dardized recommendations can be made with this specific population.

Strength and power

The present systematic review suggests that flywheel training can effectively improve
strength in adult male soccer players. Flywheel protocols involving lower volume and
training frequency are particularly attractive for modern-day time-stricken soccer practi-
tioners who may struggle to practically implement sufficient strength training in-season
(Harden et al., 2020). In support of this, semi-professional and professional soccer players
reported improvements in concentric and eccentric isokinetic knee flexor strength after
the application of flywheel training programmes (Askling et al. 2003; Coratella et al., 2019).
Both investigations were performed in-season and with only brief exposure to flywheel
training (1-2 weekly sessions) (Askling et al. 2003; Coratella et al., 2019). Similarly, a small
bi-weekly dose of flywheel deadlifts over a 35-week period improved knee flexor eccentric
strength of semi-professional Australian football league players by 19% (large) (Timmins
et al, 2021). Although the benefits related to flywheel training have been thoroughly
investigated and explained (Beato & Dello lacono, 2020; Norrbrand et al., 2007, 2010; Petré
et al, 2018), inconsistency regarding efficacy on maximal strength in the literature
remains (Sagelv et al., 2020; Vicens-Bordas et al., 2018a). In fact, although both flywheel
and traditional squat training significantly enhanced maximal squat strength of amateur
male soccer players, the traditional squat protocol was more effective (Sagelv et al., 2020).
Nonetheless, a recent systematic review and meta-analysis investigating the effects of
flywheel training on strength reported large improvements for maximal strength (Petré
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et al., 2018). In agreement with our findings of a greater response in well-trained soccer
players, the aforementioned meta-analysis also reported that well-trained individuals
respond more positively than moderately trained individuals to flywheel training (Petré
et al,, 2018). Differences in strength outcomes may possibly be due to several differences
in maximal neural activation and ability to recover between sessions (Petré et al.,, 2018). In
contrast to measurement of strength, whereby only adult players were investigated, only
elite youth soccer players were investigated for power development (Nufiez Sanchez &
Séez De Villarreal, 2017; Suarez-Arrones et al.,, 2018). When exposed to 27 weeks of
flywheel leg curl and 9 weeks of horizontal front step training, youth elite soccer players
increased flywheel half-squat and front step power, respectively (Nuiez Sanchez & Sdez
De Villarreal, 2017; Suarez-Arrones et al., 2018). In support of such findings, the literature
involving recreationally active adults and professional team sport athletes support the
efficacy of flywheel training (Fernandez-Gonzalo et al.,, 2014; Maroto-lzquierdo et al.,
2017b). The physiological advantages related to flywheel training may elicit favourable
adaptations and improve an athlete’s capability to produce power (Beato & Dello lacono,
2020) and perform the high intensity demands of soccer (Turner & Stewart, 2014). To
enhance practical application and conclusions, future investigations analysing strength or
power should utilize different exercises (Beato et al., 2020a), apply control groups
(Coratella et al., 2019; Suarez-Arrones et al., 2018), account for inertial load and consider
training experience (Raya-Gonzalez et al., 2020b; Sabido et al., 2017). Furthermore, it is
recommended that validity and reliability of devices and tests be considered when
measuring performance changes (Beato et al., 2020b). Although the optimal strategy for
applying flywheel training remains unclear (Beato & Dello lacono, 2020; Petré et al., 2018;
Timmins et al., 2021), the overarching evidence suggests it can be effectively implemen-
ted in male soccer environments to enhance strength and power. Investigation into the
response of female soccer players to flywheel training protocols will also enhance
implementation.

Jump

The current review of soccer players is in agreement with previous evidence that flywheel
training can effectively enhance jumping ability (Beato & Dello lacono, 2020; Petré et al.,
2018). The improved utilization of elastic potential energy during the stretch shortening
cycle that is developed with flywheel training may be a key contributor to enhanced jump
performance (Bridgeman et al.,, 2018). A systematic review investigating the effect of
flywheel training on team sport athletes reported a significant moderate effect on CMJ
performance, supporting the findings of other systematic reviews (Maroto-lzquierdo et al.,
2017b; Raya-Gonzadlez et al., 2020b). In support of this, semi-professional players perform-
ing only 8 weeks of flywheel squat sessions in-season significantly enhanced squat jump
(moderate) and CMJ performance (moderate) (Coratella et al., 2019). Similarly, when 38
amateur adult male soccer players were exposed to bi-weekly flywheel squats over
a 6 week period, CMJ performance was significantly enhanced (Sagelv et al., 2020). In
young male soccer players, single-leg CMJ performance was significantly improved after
weekly flywheel lateral squat sessions over a 10 week period (moderate) (Raya-Gonzalez
et al,, 2021a). Similarly, bi-weekly flywheel training over a 6 week period also moderately
enhanced drop jump and repeated hop performance of youth soccer players (Fiorilli et al.,
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2020). Two more protocols, involving only 8-10 sessions, also enhanced jump perfor-
mance in youth soccer players (small to moderate) (Gonzalo-Skok et al., 2019; De Hoyo
et al,, 2015), further highlighting the value of flywheel training for developing jumping
performance suggested in the literature (Maroto-lzquierdo et al., 2017b; Petré et al., 2018;
Raya-Gonzadlez et al., 20203, b; Beato & Dello lacono, 2020). In contrast, Tous-Fajardo et al.
(2016) did not report beneficial changes in CMJ and only small improvements in hopping
ability after weekly training circuits involving flywheel training with youth soccer players
(Tous-Fajardo et al., 2016). Such differences in results may be explained by a lack of
random allocation, baseline testing for similarity, or a lack of specificity between inter-
vention and testing (Gonzalo-Skok et al., 2017; Raya-Gonzalez et al., 2020a; Tous-Fajardo
et al,, 2016; Vicens-Bordas et al., 2018b). Differences in outcomes may also be due to the
limited (weekly) flywheel training sessions, which may not always be sufficient to stimu-
late enhancement of jumping ability (Raya-Gonzélez et al., 2020b). In support of this,
weekly flywheel squat and lunge training sessions did not enhance jumping performance
of volleyball and basketball players or handball players, respectively (Gual et al., 2016;
Sabido et al., 2017). The literature suggests that 2-3 weekly flywheel sessions ideally be
performed to enhance jump performance parameters in team sports (Maroto-lzquierdo
et al, 2017b; Raya-Gonzélez et al., 2020b), although weekly application of flywheel
training in soccer populations has also shown to be effective (Coratella et al., 2019;
Fiorilli et al., 2020; Gonzalo-Skok et al., 2019; De Hoyo et al,, 2015; Raya-Gonzélez et al.,
2021a).

Running speed/sprinting

The present review presents contrasting conclusions regarding the efficacy of flywheel
training for enhancing sprint speed in male soccer players. Previous systematic reviews
and meta analyses have reported small to large enhancements in sprinting performance
of healthy populations and team sport athletes (Maroto-lzquierdo et al., 2017b; Petré
et al,, 2018; Raya-Gonzalez et al., 2020b). In agreement with these findings, the present
systematic review supports a variety of weekly or bi-weekly flywheel protocols (i.e., squats,
leg curl, and multi-exercise programmes) over 6-27 week periods (Askling et al. 2003;
Fiorilli et al., 2020; Nufez et al., 2018; Sagelv et al.,, 2020). Over a 6-week period involving
bi-weekly flywheel squat training, amateur soccer players enhanced their 10-metre sprint
time (small). Similarly, flywheel leg curl protocols specifically targeting the hamstrings
were effective for enhancing maximal speed performance in youth and professional adult
soccer players (moderate) (Askling et al. 2003; De Hoyo et al., 2015). In support of this,
semi-professional team sport athletes exposed to weekly or bi-weekly hip-dominant
flywheel training for 35 weeks also enhanced maximal sprinting performance (Timmins
et al, 2021). Although flywheel training provides practitioners with a versatile and
effective method for enhancing sprint performance (Raya-Gonzalez et al., 2020a), several
studies suggest it may not always be effective for enhancing sprint performance (Beato &
Dello lacono, 2020; Raya-Gonzalez et al., 2020a). In fact, five investigations involving semi-
professional adult and youth soccer players reported either no enhancement or incon-
sistent linear sprint performance improvement (Coratella et al., 2019; De Hoyo et al., 2015;
Nufez et al., 2019; Raya-Gonzélez et al., 2021a; Tous-Fajardo et al., 2016). For example,
a randomized control trial involving U16 elite soccer players reported no enhancement of
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10, 20, or 30 m linear sprint performance after 10 weekly flywheel lateral squat sessions
(Raya-Gonzalez et al., 2021a). Similarly, eight weekly flywheel squat sessions did not
enhance sprint performance over 10 or 30 m sprint performance in semi-professional
adult soccer players (Coratella et al., 2019). Variation in exercise instructions (e.g., delaying
the eccentric action), session frequency and training experience may all be key variables
that affected outcomes in the aforementioned studies (Raya-Gonzalez et al., 2021a).
Furthermore, a recent meta-analysis highlighted the importance of specificity and that
potential differences in reported outcomes may be due to differences in distance and
start type (standing vs. flying) of the test utilized (Petré et al., 2018). In support of this
theory, enhancement in maximal speed but not acceleration capacity has been reported
after flywheel training in a variety of team sports, including soccer (moderate) (De Hoyo
et al, 2015). A greater understanding of low-dose flywheel training for enhancement of
acceleration and sprint performance in soccer populations is still necessary to optimize
training outcomes.

Change of Direction

The present review highlights the efficacy of flywheel training for enhancing COD perfor-
mance in male soccer players. This review supports a previous systematic review reporting
improvement in COD performance of team sport athletes after flywheel training
(ES = 1.37) (Raya-Gonzdlez et al., 2020b). Another systematic review, whereby 8 out of
11 studies included flywheel training, reported enhanced COD outcomes after eccentric
overload training (Liu et al., 2020). Such enhancements may be related to the similarities
between COD tasks and flywheel training (Tous-Fajardo et al., 2016). Flywheel training
appears particularly effective for stimulating the repeated rapid braking and propulsive
actions experienced when performing COD (Beato & Dello lacono, 2020; Maroto-lzquierdo
et al,, 2017a; Raya-Gonzélez et al., 2020b). Specifically, youth soccer players exposed to
10 weeks of flywheel training improved braking and propulsive contact time and forces
during COD tasks (moderate to large) (De Hoyo et al, 2015). Similarly, a recent RCT
involving 10 weekly flywheel lateral squat sessions also enhanced COD (large to very
large) and COD deficit performance in U16 elite soccer players (moderate to large) (Raya-
Gonzélez et al., 2021a). Similarly, Tous-Fajardo et al. (2016) and Fiorilli et al. (2020)
reported improvements in COD performance (large) after 6 and 11 weeks of flywheel
training amongst elite academy players. Such improvements in braking impulse are likely
to enable greater storage of elastic energy that contributes to greater force output during
COD performance (Meylan et al., 2008), possibly playing a pivotal role in soccer match
outcomes (Beato & Dello lacono, 2020; Raya-Gonzalez et al., 2020b). Coratella et al. (2019)
also reported 8 weekly flywheel squat sessions that improved 20 + 20 m shuttle (moder-
ate) and T-Test agility (large) performance, while the traditional squat group (80%1RM) did
not (Coratella et al., 2019). Although flywheel training may effectively reduce braking time
and enhance braking impulse (Coratella et al., 2019; De Hoyo et al., 2016), appropriate
familiarization (involving at least 2 sessions) and technique appear to be prerequisites for
effective implantation and desirable outcomes (Raya-Gonzalez et al., 2020b).



RESEARCH IN SPORTS MEDICINE (&) 17

Limitations, future research, and training indications

The main limitation of the present review is that different types of study designs were
included and considered equivalent when analysed, regardless of scientific rigour.
Furthermore, certain aspects of the training protocol, such as inertial loads, were not
always clearly reported in investigations included in the review. Although the review
presents the reliability of individual studies, the variation of reliability measures utilized
cannot be standardized, which could affect the comparability of the studies. Most
investigations included in the review were performed with male elite youth, semi-
professional, or amateur adult soccer players, limiting conclusions with professional
soccer players. Investigation into the effects of flywheel training on physical performance
of youth and adult female soccer players is also necessary. Further comparison of flywheel
and traditional resistance training methods for enhancement of strength and power in
soccer are necessary to understand if differences between methods exist. Likewise,
investigating the effects of training volume and frequency on jumping and sprinting
performance may highlight relevant information not currently available in the soccer
literature. Further investigation of inertial load among other critical factors related to
training prescription will further enhance the application of flywheel training in soccer.
The present review also highlights that bias due to study designs employed should also
be critical considerations when establishing appropriate conclusions and future
directions.

Conclusions

This systematic review reported that a diverse range of flywheel training interventions can
effectively improve strength, power, jump, and COD measures in male soccer players of
varying levels. Nonetheless, the current literature suggests contrasting evidence regard-
ing flywheel training induced changes in sprint speed and acceleration capacity of soccer
players. The present review is mostly in agreement with previous systematic reviews and
investigations reporting the efficacy of flywheel training with sports and athletic
populations.
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