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INTRODUCTION & HYPOTHESES

* The purpose of this study was to examine the effects of FW resistance
training, using YoYo Technology machines, on strength, speed,
change-of-direction ability, anaerobic performance, and power
development of elite ice hockey players.

* Based on previous findings, it was hypothesized that FW training
would result in greater gains in neuromuscular performance
compared with traditional resistance training with free weights.

e Aim to have “real world” scenario
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Flywheel vs. free weights
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Reps

WEIGHTS

Fixed load

All reps at constant force

All reps submaximal except last
Set ends at failure to lift/pull

Constant force thru entire ROM
» sticking point (requires cam)

. FLYWHEEL

Load adapts to force, no min force
required to start/operate device

All reps maximal thru ROM
Less reps/set needed
More work = "“training dose”

Isoinertia, acceleration, deceleration
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No ECC overload using weights

Flywheel initially let rewind freely during ECC, braking action delayed

Power = Energy/time
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FLYWHEEL

Delay

Flywheel speed

CON ECC

Time (s)

Kinetic energy

Power

More delay, less time to dissipate energy ®» ECC overload on power
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288 T.E. HANSEN AND J. LINDHARD.

round the smallest pulley. At first we used a violoncello string but later
we adopted a very thin steel band. The wheel is calibrated in the manner

Fig. 1.

A.W.Hill (1920) "An
instrument for
recording the
maximum work in a
muscular
contraction”.
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SIXTH EDITION -E

Inertial Training by tuming a flywheel via the use of elbow flexion (Verkhoshansky, 1977).

i Thus, in the second case, it is easy to appreciate the possibility for overcoming the opposing tendency
the weight of the load and the speed of muscular contraction. Unfortunately, the necessary specialised
t for producing muscular work to overcome the inertia of a load is rarely used in training. However, to
the methods of special strength training, one must consider this concept of inertial training more seriously.

UEF // University of Eastern Finland




Science meets practice...

A Gravity-Independent Ergometer to be
Used for Resistance Training in Space

SPACE EXERCISE EQUIPMENT—BERG & TESCH

CONCENTRIC
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training in space.
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Importance of eccentric actions in performance adaptations to resistance training

Author and Affiliation: Dudley, Gary A. (Blonetics Corp., Cocoa Beach, FL, United States)
Miller, Bruce J. (Bionetics Corp., Cocos Besch, FL, United States)
Buchanan, Paul (NASA Kennedy Space Center, Cocoa Beach, FL, United States)
Tesch, Per A. (Karolinska Institutet, Stockholm, Sweden)

Abstract:

The importance of eccentric (ecc) muscle actions in resistance training for the maintenance of muscle strength and mass in
hypogravity was investigated in experiments in which human subjects, divided into three groups, were asked to perform
four-five sets of 6 to 12 repetitions (rep) per set of three leg press and leg extension exercises, 2 days each weeks for 19
weeks. One group, labeled 'con', performed each rep with only concentric (con) actions, while group con/ecc with

performed each rep with only ecc actions; the third group, conicon, performed twice as many sets with only con actions. YO-YO FITNESS TRAINER, USING A FLYWHEEL TO CREATE THE FORCE AGAINST WHICH TO
Caontrol subjects did not train. It was found that resistance training wih both con and ecc actions induced greater increases TRAIN
in muscle strength than did training with only con actions.

Publication Date: Jun 01, 1991

ID: 19910054917 {Acquired Nov 28, 1995)
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THE ULTIMATE EXERCISE DEVICE FOR
SPACE TRANEL AN HOME USE

Hur gor man en knaboj i rymdeh?




Science meets practice...
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fic. Mass. Gravity, Acceleration. Deceleration. Inertia. Velocity. Momentum,
ek Sounds like physics class. wdymw«mwgmmnmd:dmm
fiape. Add to that cams, levers, constan G able resistance, accom-
resistance,

ecoentric unilateral,
isolatesal movements, and what do you have?

kely, a little confusion. Don't feel bad. A lot of so-called experts and

p als from the medical and scientfic fields as well as the fimess industry

Bl the same boat.

ou've been training for a while, chances are you take exercise equipment for

. If you've got such bodybuilding genetics that you grow every time you

iy a rack of dumbbells, it doesn't matter. But If you'te mare on the average

gies busting your butt for every little improvement, 4 working knowledge of

8 of the laws of physics, how various types of equipment work and what's on
tarket todiy can make vour workouts mace eniovable andt nervds i




Science meets practice...




Science meets practice...

UEF // University of Eastern Finlan




Science meets practice...

==

UEF // University of Eastern Finland




Science meets practice...

UEF // University of Eastern Finland

Kristian Pali kokeili voimaharjoirtelua Tampercen HDC-kelkueien flysheel-lniteill perusdamtokisdella ja aikoo hyddyntdd ittel

Pulli testasi kuukauden
verran flywheel-harjoittelua

1 s

ualuncen talven voamaharioia-
telussa Kristian Pulli kokeili
Tampﬂun Lu.iudm kehiz-

Kun vastus tubee yhdestd plsteests, se
idolllsAan Herrin rowih et vas.

normaalin voimatreenin ja sen pille
Sivwheel-harioi rulksen HDC-

st paistiin fuomaan eri lajien kannalta

[Hockey

Development Center, HDC)
Aywheel-harjoiticlsa eli voi-
maharjaittelun, josa vastus syutyy vaub

~ Jaakiekkoa ajatellen pystytidn te-
kemiin esimerkiksi lubstelun puristus
ja potku -yhdisselmi. Jidkickossa se on

Tipylrin muodmmln‘h-cmrpm isoin boukkaantumésia estiva tekijd, kun
Wastusta siadelliin litke voidasn tehdi boistelupotiun paluutuasts
rajummin vauhtipyoral Hﬂwmm ull voimaliikkeend.
£ =
Hiioami sannbsteltivs
tarkasti
Pullia fywheel-h Kilnosti
bon ja rijih valman
hankinta.

- Eksentrinen voimantuotio kehittdi
lihasta enemmin ja pepsammin kuin

Y

Kikeihan hin rajeitth sen rasittavusden
takia nelign vilkon mittaisekst ja ajoitti
sen peruskuntokaisdelle.

— Sen teeenijakson fillkeen fumbai, eftd
kaikki meni mosttuun. Ominalswastasot
olivar alhabsemmalia tasolla kuin pitkiin
alkaan, mutta pari viikkos sitd. kun ko-
keeilu bopetestiin, ominaisuudet novsivat
vuodenaikaan nihden aivan huippatasal-
Te Palli kertoo.

= Kiytan flywheel-hatjoitteliea myds
Jatkossa, muta niin, ettd vihennin muuta

jua. Flywheel- harjoittelu on
1ol kuormistavaa ja kisormituksen tasoa
pitad siinndatelld tarkasth. Itse mittasin
treeniisd tehowatit jokaisesta suoritukses-
ta. Irtioton maind ol tosi kava.

FM«I harjaitukset Pulli kohdisti

ﬁﬁ’wm K pinomasss o Konsenine, koska arutaiven on - difywehee il
e Hactilin itk ity ey Ry Jalkan
'Nllll la wrkclija pystyy | Tihasta tieety aika ja pritetain I, Jakaos thseen taka-
hhn-;:nlm @ e selsfen fa lonbankoukisiaiten Uake
1 limen Feh Pulli kerioo, - Jotakin uatta tiytyy aing koettaa etshh.
i r.l.eli nllm s vastus Tl ],Mm, Flywheel-kokeilujakson atkana Pulli  Mahtiin, etti ructsalaiset pikajuoksijat
P ¢l halunnut karsia muusta voimahar-  kiyitavil sitd ja ajateltiin, cttd volsi olla
hmn-l joittelusta. Hin teki Firkkahallilla ensin

hyed itsellekin kokeilla, Pulli sanoo.

HUFpPU-UBHELL-ULUMSET | 15
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Eksentrinen voimaharjoittelu

Miksi? Lajianalyysi
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Lihasjannekompleksin pituuden muutokset
pituushypyn ponnistuksessa { Hay et al. 1999)

=

Lihasjannekompleksin nopealla
venymisella ja siten suurella
eksentrisella voimantuotolla
ponnistuksen alkuvaiheessa
("jarrutusvaihe”) on suurempi
merkitys ponnistuksen
loppuvaiheen (“tyontovaihe”)
nopeuteen kuin venymis-
lyhenemissyklin kautta
tapahtuvalla loppuvaiheen
lihastyolla (Hay et al. 1999).

Tampeéereen

URHEILUAKATEMIA

4_.

Miksi? Harjoitteluanalyysi

~ « Korkealla tasolla olevat urheilijat tarvitsevat uusia

harjoitusarsykkeita kehittydkseen ja eksentrisen
voimantuoton suuruuden ja/tai eksentrisen
supistusnopeuden lisddminen on todettu tdhan
hyvaksi vaihtoehdoksi korkean voimatason
omaavilla urheilijoilla (Suchomel et al. 2019).

Eksentrisen voimaharjoittelun on todettu aiheuttavan
suurempaa kehittymista kuin perinteisen
voimaharjoittelun (Douglas et al. 2017):

Lihaksen voimantuotte-ominaisuudet (maksimivoima,
tehontuotto, venymis-lyhenemissykli) kehittyy

Lihaksen neuraalinen ohjaus parantuu (erityisesti nopeat
motoriset yksikot)

Lihasarkkitehtuurin muutokset: Lihasmassan
lisdantyminen lihassolujen pituuskasvun myoti (erityisesti
nopeat lihassolut) =» lihaksen supistunopeus kasvaa ja
voimantuotto suurilla lihaspituuksilla kasvaa

Lihaksen morfologian mahdollinen muutos nopean lIX-
solutyypin suuntaan

Lihas-janne-kompleksin ominaisuudet (jinteen
jaykkyyden ja paksuuden kasvu) kehittyy \ 2

TAMPERE.

FINLAND <
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Science meets practice...

_+_ Tamperean
000 ‘ URHEILUAKATEMIA

Flywheel-harjoittelu

* Flywheel-harjoittelun on todettu olevan potentiaalinen ja tehokas menetelma
konsentrisen ja eksentrisen maksimivoiman, lihasmassan, tehontuoton ja lajin
suoTituaky\)/yn (horisontaalinen / vertikaalinen nopea voimantuotto) kehittamiseen (Petre
et al. 2018

* Mahdollisesti tehokkaampi tapa kehittda voimantuotto-ominaisuuksia (maksimivoima,
lihasmassa ja erityisesti tehontuotto) ja lajin suorituskykya (juoksu, ponnistaminen) kuin
perinteinen voimaharjoittelu (Maroto-lzquierdo et al. 2017)

* Tehokkaampi harjoitusmuoto kokeneilla voimaharjoittelijoilla verrattuna
kokemattomampiin maksimivoiman ja tehontuoton kehittamisessa (Petre et al. 2018)

* Suosituksia

* Korkeat vastukset maksimivoiman kehittamiseksi (Beato & lacono 2020; Martinez-Aranda &
Fernandez-Gonzalo 2017)

* 3-6 sarjaa, 6-8 toistoa, 2-3 kertaa viikossa, vahintaan 4-5 viikon ajan (Beato & lacono 2020)
* vahintddn 3 min palautumisajat tehontuoton maksimoimiseksi (Sabido et al. 2020)

UEF // University of Eastern Finland
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|<:»_., URHEILUAKATEMIA

Flywheel -progressio

I K
3x5 3x4

Kahden jalan kyykky  3x5 3x3
Vastus #2+41  Vastus #2+42  Vastus #2+42+41  Vastus 824242

Pohkeet 3x5 3x5 3x4 3x3
Vastus #2+1  Vastus #2+2  Vastus #2+2+1  Vastus #2+2+2
Lonkankoukistajat 3x(5+5) 3x(5+5) 3x(a+d) 3x(3+3)
Vastus -3 Vastus -2 Vastus -1 Vastus 0

R T e

Yhden jalan kyykky 3x(5+5) 3x(5+5) 3x(a+4) 3x(3+3)
Vastus #2+1  Vastus #242  Vastus #2+2+1  Vastus #242+2

Yhden jalan prassi 3x(5+5) 3x(5+5) 3x(4+4) 3x(3+3)
Vastus #2 Vastus #241  Vastus #2+2 Vastus #242+1

Takareidet 3x(3+3) 3x(3+3) 3x(2+2) 3x(2+2)
Vastus #2+2  Vastus #2+2  Vastus #2+2 Vastus #2+2

TAMPERE.

FINLAND
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+ Tampereen
e ‘ URHEILUAKATEMIA

Flywheel -seuranta

KAHDEN JALAN KYYKKY YHDEN JALAN PRASS!
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SUBJECTS
* Eighteen homogenous male Finnish elite ice-hockey players (U18-U21)

* Players were recruited and assigned by the coaches to an experimental
(FG) n=9 or control group (CG) n=9

* All subject gave their written consent after a detailed explanation
about the aims, benefits, and risks involved in this study

Descriptive data of the subjects.*t
Age Height Body Body BMI
(y) (cm) mass (kg)  fat (%) (kg/m?)

FGgroup 189 =1.0 180078 800+x91 129=*x26 247 =20
TGgroup 183 =05 1827111 777 =107 M7 +x27 233 +3.1

*BMI = body mass index; FG = flywheel group; TG, traditional training group.
tData are mean and SOs.

UEF // University of Eastern Finland 21



EXCLUSION CRITERIA

* Training facility not available during the intervention
* Injuries or illness that interfere with strength training

e Earlier experience of FW training

UEF // University of Eastern Finland 22



DATA COLLECTION

* Took place during the first pretest sessions right before the otff-season
training period and during the posttest sessions after the training
period.

* All the tests were executed and registered by the director of Varala
Testing Lab, M.Sc Marko Haverinen in Varala Sports Institute,
Tampere, Finland.

* None of the participants had previously used FW devices but had
several years of strength training background with free weights.

UEF // University of Eastern Finland 23



STUDY DESIGN

* The subjects completed a conventional strength and power training
period lasting for 8 weeks from June to July in 2016 or 2017 during
their off-seasonal training phase.

* Homogenous subjects performed identical strength and power
training period during their off-seasonal training phase with the
exception that FG strength and power training were carried out using
flywheel machines.

UEF // University of Eastern Finland 24



STUDY DESIGN

e Familiarization sessions (2) with the flywheel devices and exercises
used in the study were allowed and supervised.

e In the first training week session, the EG group performed a test
where the inertia used during the intervention (first 4 training weeks)

with the FW squat machine was selected based on best average CON
power output of the set.

* This inertia was then readjusted after 4 weeks of training for
optimizing individual maximal power for the squat exercises.

UEF // University of Eastern Finland 25



STUDY DESIGN

Training protocol EG
Weeks Sessions Sets  Repetitions Interval
FG 12 1 3 6 3 min
TOTAL REPS START/END 72/224 ! PRI 3 . .
TOTAL VOLUME INCREASE 211%
3,1 X VOLUME FROM THE START 56 2 4 6 3 min
~8 WEEKS ! 7-8 2 4 7 3 min
CG Training protocol CG
TOTAL REPS START/END 144/104 I | Exercises Weeks Sessions Sets  Repetitions Interval
TOTAL VOLUME DECREASE 280/0 Back Squat/ Power Clean 1-2 1 4 12+10+8+6 3 min
0,7 X VOLUME FROM THE START
~8 WEEKS ! Pistol Squat 1-2 1 4 8+8 3 min
Walking Lunge 1-2 1 4 10+10 3 min
Back Squat/ Power Clean 3-8 2 4 8+6+6+4 3 min
Pistol Squat 3-8 2 4 6+6 3 min
Walking Lunge 3-8 2 4 8+8 3 min
UEF // University of Eastern Finland 26



Kuvat/videot: Jari Puustinen
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Viikko 23
1 harjoitus
4 liiketta
3x6 toistoa

Viikko 24
1 harjoitus
4 liiketta
3x6 toistoa

Viikko 27

2 harjoitusta
4 liiketta
4x6 toistoa

Viikko 28

2 harjoitusta
4 liiketta
4x6 toistoa

Viikko 25

2 harjoitusta
4 liiketta
3x6 toistoa

Viikko 29

2 harjoitusta
4 liiketta
4x7 toistoa

Viikko 26

2 harjoitusta
4 liiketta
3x6 toistoa

Viikko 30

2 harjoitusta
4 liiketta
4x7 toistoa

JOKAINEN TOISTO SARJASSA TEHDAAN TAYSILLA ALL OUT PERIAATTEELLA. LIIKE ON KOKO SARJAN AJAN JATKUVA JA
TYOVAIHE ON NAIN OLLEN LYHYT MUTTA KOKO SARJAN MITTAINEN. ALKUUN VOI OLLA MUUTAMA KEVYT TOISTO
JOILLA HAETAAN HYVA ASENTO, OIKEA REMMIN PITUUS JA VAUHTIPYORAAN VAUHTIA JA SEN JALKEEN ALKAA VASTA
VARSINAINEN SARJA! ALKUUN VOI TEHDA YHDEN LAMMITTELY SARJAN ESIM. KEVYEMMALLA KIEKOLLA JA MUISTA
LAMMITELLA HYVIN ENNEN HARJOITUSTA. SARJATAUKO ON 3 MINUUTTIA JA LIIKKEIDEN VALISSA 3-5 MINUUTTIA. TEE
NAIDEN LIIKKEIDEN (4 KPL) LISAKS| MUUT OMASSA OHJELMASSA OLEVAT TAI VALMENTAJAN KANSSA SOVITUT LIIKKEET
JA HARJOITTEET. VALITSE SOPIVA VASTUS KYYKKYLAITTEESEEN TESTIEN JA OHJEIDEN PERUSTEELLA. TAKAREISI- JA

JALKAPRASSILAITTEISSA VASTUS PYSYY SAMANA KOKO HARJOITUSJAKSON! HARJOITUSTEN VALISSA TULISI OLLA
VAHINTAAN 48 TUNTIA TAUKOA, MIELUMMIN 3-4 PV!

Kuvat/videot: Jari Puustinen
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Training protocol CG
Exercises Weeks Sessions Sets  Repetitions Interval
Back Squat/ Power Clean 1-2 1 4 12+10+8+6 3 min
Pistol Squat 1-2 1 4 8+8 3 min
Walking Lunge 1-2 1 4 10+10 3 min
Back Squat/ Power Clean 3-8 2 4 8+6+6+4 3 min
Pistol Squat 3-8 2 4 6+6 3 min
Walking Lunge 3-8 2 4 8+8 3 min

* Linear periodization model with the possibility to daily undulate the
resistance as high as tolerated.

* Loads for back squat and power clean were chosen after the pretest session
* Loads for the pistol squat and walking lunge were determined by the load
that was closest for the given repetition.

UEF // University of Eastern Finland



PERFORMANCE TESTS

* Jumps 2 CM]J with 0, 20 & 40 kg extra weights
* Runs 2 maximal 200-m sprint->change of direction in every 20 meters

* Power output 2 FG with flywheel machine

Infra-red
Lightning gate

1
1
10 m acceleration before timing starts |
: I
1
1
®

i0M i0M

S

uonaIp jo aduey)

Change of direction
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STATISTICAL ANALYSIS

* Data are presented as mean + SD.
* Mean and standard deviation (SD) were calculated for all variables.

* Variables were analyzed by a 2-way analysis of variance (ANOVA)
with repeated measurements: group (FG and CG) and time (pre- and

post-training) and follow-up comparisons were made with paired t-
tests within each group.

* Statistical significance was set at p < 0.05.

UEF // University of Eastern Finland 32



RESULTS

Outcome variables before (PRE) and after (POST) 8 week esistance training inthe FGand T + SD.*t
FG TG Group effect

Variable PRE POST A% PRE POST A% F p Cohen’s d
CMJ (cm) 16 +40 43.8 + 3.2 57 421+ 26 441 +56 4.8 0.000 0.986 0.009
CMJ 20 kg (cm) 302+26 324x29 7.3 295+ 28 327 +48 111 0.432 0.522 -0.323
CMJ 40 kg (cm) 234 26 248 =27 6.1 228+ 25 248 + 41 9.2 0.117 0.738 —0.174
10 + 10 m sprint (s) 411 = 0.08 399 = 0.1 —-3.2 4.05 = 0.07 394 +0.06 —26 0.000 0.994 0.004
2 > 10 4+ 10 m sprint (s) 8.26 + 0.19 8.03 = 0.20 -3.0 813+ 014 792 =010 —26 0.093 0.765 0.161
3 > 10 + 10 m sprint (s) 1245 = 0.25 12,12 = 0.31 —2.7 12.31 = 017 12.00 = 0.16 —-2.5 0.015 0.905 0.063
4 > 10 4+ 10 m sprint (s) 16.68 = 0.41 16.30 = 0.42 -23 16.55 = 0.23 1613 = 0.25 —-25 0.433 0.521 0.326
5> 10 4+ 10 m sprint (s) 21.04 = 0.48 20,49 + 0.58 —25 20.82 = 0.31 20.36 = 0.30 —-2.2 0.030 0.864 —0.088
6 > 10 + 10 m sprint (s) 2539 = 0.58 24.74 = 0.67 —25 2517 = 0.36 2468 = 0.36 -19 0.345 0.567 —0.292
7 > 10 4+ 10 m sprint (s) 29.77 = 0.68 29.10 = 0.87 =20 29.60 = 0.41 29.04 =045 -19 0.044 0.837 —0.102
8 > 10 + 10 m sprint (s) 34.27 = 0.74 33.46 = 0.99 —2.2 34.06 = 0.45 3342 052 -1.9 0.191 0.668 —0.214
9 > 10 + 10 m sprint (s) 3877 = 0.80 37.89 = 1.12 —2.1 38.47 = 0.52 37.91 =063 —-1.4 1.03 0.327 —0.500
10 > 10 + 10 m sprint (3) 43,24 = 0.84 42,33 = 1.23 -1.8 43.05 = 0.62 4241 £0.72 -1.5 0.361 0.558 —0.292
20 to 40 m split (s) 415+ 015 401 + 012 —34 4.08 = 0.12 397 =007 —2.7 0.031 0.863 0.088
40 to 60 m split (s) 419 = 010 407 += 012 -28 418 = 0.07 4.03 =0.09 -34 0.328 0.576 0.279
60 to 80 m split (3) 4,23 + 0.24 413+ 012 -1.8 424 + 0.08 412 =010 —2.8 0.181 0.677 0.207
80 to 100 m split (3) 436 + 0.16 420+ 0.18 -33 427 = 0.10 420 =010 -15 0.000 0.979 0.014
100 > 120 m split (s) 435 £ 012 424 + 013 -25 435 + 0.08 428 +0.00 -15 1.09 0.312 —0.509
120 to 140 m split () 4,37 = 017 432 = 0.25 —0.6 443 = 012 435 =010 -1.8 0.031 0.862 0.091
140 to 160 m split (s) 4,50 = 0.11 432 = 0.16 -38 4.46 = 0.11 439 +0.09 -16 2.52 0135 —0.778
160 to 180 m gplit () 451 £ 016 439 + 016 -1.8 441 + 022 445 =014 0.9 1.03 0.327 —0.50
180 to 200 m split (s) 4.47 = 015 443 + 013 -0.3 458 + 0.22 449 =014 -19 0.051 0.825 —0.117

*FG = flywheel group; TG = traditional training group: CMJ = countermovernent jump; ANCOVA = analysis of covariance.
tThe group effect was examined using ANCOVA with the POST-score as a dependent variable and the PRE-score as a covariate.
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Both protocols showed comparable increases in CMJ, CMJ +20kg and CMJ +40kg height

JUMPS (Figure 4). No significant group by time interaction or within-group differences were
observed for the CMJ test (p=0.863). Within-group differences for the CMJ were in the

EG 5.7+ 6.9%; p=0.057, and in the CG group 4.8 = 12.2%; p = 0.265 (Figure 5).

Vertical jump performance

Favors EG Favors CG
CMJ 40 kg —_——
CMJ 20 kg ' =
cmid -
L T LI T 1

o » & 9 4% ™ ©
Group mean difference in the change in jump performance (cm, 95% Cl)
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RUNS

There was no significant group by time interaction in 20 meters sprint time (p=0.517).
Planned comparisons of the 20 m sprint test revealed significant within-group changes in
both groups (EG: -3.2 £1.7%, p=0.001 vs. CG: - 2.6 £ 2.2%, p = 0.008). Figure 8 shows

the 20 m sprint times before and after the intervention and mean change.

20 m sprint
20 m sprint
54
] PRE
—_ —a—

4 Bl POST
L2k
[
E¥
£ 5l EGH | .
G
7]

14 H

L] T T T 1
025 020 -015 -0.10 0.05 0.00
0 EG cG Mean change in sprint time (s), 95% ClI

Figure 8. Pre- and Post-training 20 meters sprint time and mean change. No significant group by
time interaction (p > 0.05). Significant planned comparisons within-group differences in CG (p <
0.05). Significant planned comparisons within-group differences in EG (p < 0.01).
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RUNS

There was no significant group by time interaction in 40 meters sprint time (p=0.605).
Significant within-group differences were observed in the EG (-3.0 £ 1.3%; p < 0.001)
and CG group (-2.6 = 1.9%; p = 0.003). Figure 9 shows the 40 meters sprint time (s)

results before and after the intervention and mean change.

40 m sprint 40 m sprint
104
1 PRE

= = Bl POST
C CGH e
@
E °
"E 4 EG- e
o
(73]

24

1 T T
0 -0.4 -0.3 0.2 0.1 0.0
EIG CIG Mean change in sprint time (s), 95% CI

Figure 9. Pre- and Post-training 40 meters sprint time and mean change. No significant group by
time interaction (p > 0.05). Significant planned comparisons within-group differences in both
groups (p <0.01).

UEF // University of Eastern Finland

36




RUNS

There was no significant group by time interaction in 200 meters total sprint time
(p=0.572). Significant within-group differences were observed in the EG (-1.8 £ 1.6%; p
=0.013) and CG group (-1.5 £ 1.0%; p = 0.002). Figure 10 shows results before and after

the intervention and mean change.

200 m sprint

200 m sprint
50+
3 PRE

_ 404 Il POST
@ cGA ————
@
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-
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o
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104

0 -1.5 -1I.0 -0I.5 0.0
EIG CIG Mean change in sprint time (s), 95% CI

Figure 10. Pre- and Post-training 200 meters sprint time and mean change. No significant group
by time interaction (p > 0.05). Significant planned comparisons within-group differences in EG
(p < 0.05). Significant planned comparisons within-group differences CG (p < 0.01).
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Sprint performance

Favors CG . Favors EG
RU N S 180-200 m~ |—-—|
160-180 m~ e
140-160 m+ l—I—|

* The fatigue profile was similar between 120-140 m- et

the groups. 100-120 m+ e
80-100 m~ i

* Furthermore, speed and COD profile i.e. 60-80 m- -
first two shuttles improvements, were 40-60 m- -
similar between the groups without any 20-40 m- s
significant group by time interaction. 200 m- = .

180 m~ } -

« Similar findings were found in speed 160 m- = —

endurance profile. 140 m- = -
120 m- I -

* In summary, even though FG improved 100 m~ —t
14/19 of the running test total or split times 80 m~ -
results more than CG, there were no group 60 m- F——

x time interactions. 40 m- ——
20 m= o
S S S

Group mean difference in the change in sprint performance (s, 95% Cl)
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POWER OUTPUT

In the maximal power output test for the EG, there were significant within-group
differences on SRM (33 £ 23 %; p = 0.012) and peak repetition (31 + 25 %; p = 0.018)
AVG power development (W). Figure 12. shows the results before and after the

intervention.
YoYo 5RM power test YoYo peak power test

10004 1 -

" 4 3 FRE e n 3 FRE

800+ Il FPOST 8004 B POST
g 600 | g 600- ]

@

§ 400 3 400-
[+R o

200 2004

0 T

0 T
FG FG

Figure 1. Pretraining and post-training power output (W) 5 repetition and 1 repetition peak average power and mean change.
*Significant within-group differences (p << 0.05).
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DISCUSSION

* The current study shows that FW training is an etfective method for
improving several aspects of strength and power with relevance for
ice-hockey performance.

e Substantial improvements in capacities highly related to athletic
performance, such as vertical jump height, running speed and
endurance as well as power output.

* These findings are supported by previous meta-analyses (Petre et al.
2018, Maroto-Izquierdo et al. 2017a) where several aspects of

neuromuscular performance have been shown to be enhanced by FW
training.
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IN PRACTICE..

* 8 weeks of FW training =

* Performance improvements = 5-7% in the CM] tests

* Performance improvements = 1.5-3.2% in the sprint tests

* Performance improvements = ~33% in power output of bilateral squat
* Performance improvements = 3% in the 20 and 40 meter sprint times

* Performance improvements = 1.5% in the 200 meter sprint
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IN PRACTICE..

* Based on current evidence, FW training seems to be an effective

training method for improving jumping and sprinting performance in
elite ice hockey players.

* There is some evidence in the research literature that more
experienced athletes using eccentric overload training could achieve
superior performance gains and muscle adaptations with FW.

* The repeated negative actions with the FW machines may lead to
better improvement in braking ability and thus better change of-
direction ability compared to traditional barbell training

* The ability to produce eccentric overload in the FW system appears to
require some previous experience with the training method
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IN PRACTICE..

* Flywheel training has been shown to be etficient in enhancing
individual performance enhancement of team sport athletes, where
players are often required to perform repeated high-intensity actions.

* Most likely, free weights, FW machines, and other resistance training
modalities all have their role and benefits in athletic development.

* Therefore, coaches and athletes should consider using a variety of

different training methods to improve performance of ice hockey
players.

* There are several ways to manipulate the ECC load if players can

tolerate more ECC force and are adapted with the traditional FW
resistance training paradigm.
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Practical Applications

Based on the results of this experimental training study, it is
concluded that both FW and conventional resistance training
improve performance proxies relevant to ice hockey players.
There were no group differences in training ettects, suggesting
that improvements were similar across groups. Thus, al-
though FW training seems to be an etfective training method
for improving neuromuscular performance in elite ice hockey
players, it does not result in superior performance improve-
ments compared with conventional resistance training in
players with no prior experience with this training method.
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Take Home Message

* Several methods to train with Flywheel, not only delayed eccentric
* Manipulate ECC load as/when possible

* Performance enhancement, prevention, rehabilitation etc.
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