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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.

•Aim to have “real world” scenario
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Flywheel vs. free weights
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◼ 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)

WEIGHTS

◼ 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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CONVENTIONAL WEIGHT

◼ No ECC overload using weights

◼ Flywheel initially let rewind freely during ECC, braking action delayed

◼ Power = Energy/time

◼ More delay, less time to dissipate energy  ECC overload on power
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A.W.Hill (1920) ”An 

instrument for 

recording the 

maximum work in a 

muscular 

contraction”. 
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Science meets practice…
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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
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EXCLUSION CRITERIA

•Training facility not available during the intervention

• Injuries or illness that interfere with strength training

•Earlier experience of FW training
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DATA COLLECTION

•Took place during the first pretest sessions right before the off-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.
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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.
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STUDY DESIGN

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

• 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. 
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STUDY DESIGN
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FG
TOTAL REPS START/END 72/224 !
TOTAL VOLUME INCREASE 211%
3,1 X VOLUME FROM THE START 
~ 8 WEEKS !

CG
TOTAL REPS START/END 144/104 !
TOTAL VOLUME DECREASE 28%
0,7 X VOLUME FROM THE START
~ 8 WEEKS ! 
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BEST >1000 W AVG POWER

Kuvat/videot: Jari Puustinen 
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BEST >1000 W AVG POWER

• 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.
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PERFORMANCE TESTS

• Jumps → CMJ with 0, 20 & 40 kg extra weights

•Runs → maximal 200-m sprint→change of direction in every 20 meters

•Power output → FG with flywheel machine
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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.
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RESULTS
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JUMPS
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Both protocols showed comparable increases in CMJ, CMJ +20kg and CMJ +40kg height 

(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). 
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RUNS
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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. 

 

 

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
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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. 

 

 

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). 
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RUNS
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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. 

 

 

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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RUNS
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• The fatigue profile was similar between 
the groups. 

• Furthermore, speed and COD profile i.e. 
first two shuttles improvements, were 
similar between the groups without any 
significant group by time interaction. 

• Similar findings were found in speed 
endurance profile.

• In summary, even though FG improved 
14/19 of the running test total or split times 
results more than CG, there were no group 
x time interactions.
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POWER OUTPUT
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In the maximal power output test for the EG, there were significant within-group 

differences on 5RM (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. 

 

 

Figure 12. Pre- and Post-training power output (W) 5 repetition and 1 repetition peak average 

power and mean change. Significant planned comparisons within-group differences (p < 0.05). 
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DISCUSSION

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

•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 CMJ 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 efficient 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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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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Evidence Based Practice
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