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Manuscript title: Use of visual feedback during junggiuat training aids improvement in
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Abstract

This study investigatethe effects of instantaneoyserformance feedbaaturing thejump-
squat exercisever a 6week training periodTwentyfive strengthtrained athletes were
randomly divided intcan instantfeedback (n = 13half-squat3-RM/body weight = 2.38 +
0.19 or anonfeedback (n = 12half-squat3-RM/body weight = 2.03 + 0.44group. Both
groups performed the same training progr@xsweek) consistingof 4 setsof 8 repetitions
(weeksl1-3) and8 sets of 4 repetitionsveeks4-6) using a barbell witlaload that maximized
the averageconcentricpower outputPmax)of each athleteSubjectsin the instanfeedback
group were given redime dataafter eachrepetition Pre, mid-, and posttraining testing
consisted omaximum20m, 30mand 50n running speed,-BM backhalf-squatload Pmax
andtheload that maximize averageconcentricpower outpu{Pmax load) countermovement
(CMJ) and squat jumgSJ) height Results revealed that tifeedback group significantly
improved all selected testersusnonfeedback timexgroup interactionp<0.01). Significant
improvements podraining for 20m, 30m, 50m, 3-RM load, Pmax load,CMJ and SJ were
observedn the feedback group on(p<0.01). Training without instant feedback did not lead
to significant performance improvementthis group actually demonstrated significant
decreasesi SJ and®max (W) and Pmax logg<0.05).The results of this study indicate that
the use ofnstantfeedback during jumyquat trainingn athletes was beneficial for improving
multiple performance tasks/er 6weeks oftraining. Instant feedback is an important element

of power training to maximize adaptationben trainingstrengthtrained athletes

Key words: squat power, sprint running maximum strengthlinear position transducer,

vertical jump
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INTRODUCTION

The demand for elite athletes meaximize performance from competition to competitien
constantly increasingHence,sport scientists and practitioners constantly manipulate training
variables and try different training modalities to optimize improvesénestrategyused in
moderntrainingis to provide instant feedback upon completion of each repetition so that each
and everyeffort is maximized and appropriate adjustments can be made if necessary. In
recent years, the abundance of commercial lineaitipn transducers available has enabled
athletes to perform strength or power training using instant feedback regarding power
production during the exercise.

Instantfeedbackis now commonly used in athletic training to facilitaaehievemenof goabk

and to motivate the athletesdonsistentlyimprove performancé20). From a motor learning
standpoint, ithas beerstated that instarfeedback duringexercise can have a substantial
contribution to athletic performangdb). In this regard, many studiehave investigated the
effectiveness of instant feedback to maximize performance during the exercisgljt@el?,

12, 16, 27.

For instance, Hopper et 4lL2) examined the influence glower productiorfeedback during

the leg pressxercisein elite field-hockey playerswheretwo groups ofplayersweretested

for peak poweduring a bothfeedbackand nonfeedbackcondition Resultsshow that both
groupshad highempower production durintghe feedback condition (group No-feedback =
685.4 £ 65.\W andFeedback %698.8 + 64.8 W, group 2o-feedback = 743.3 £ 103.5 W
andFeedback = 756.0 + 110\8, p = 0.027)Favorabldindingsfor the use of feedbadikave
alsobeendemonstrated when comparing muscle activation and strength during concentric and
ecentric muscle actionga EMG feedbacK7).

However, the aforementioned studies have only assesseéchjghet of instant feedback on

performance of therainingspecific exercisebut they havenot tested possible transféo
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other (sportspecifig performanceTo our knowledgepnly one study has investigated the
effects of instant performance feedback ather sporspecific tests(23). In this study
professional rugby players were assigned into feedack 7) and norfeedback(n = 6)
training groups (23). The resultgpercentage probabilitiesgvealedthat the use of feedback
during the training was beneficidr improving performancein horizontal jump (83%),
vertical jump (45%), 10m (49%), 20m (49%@nd 30m sprint time (99%). Thesesults
provide evidence thataining withinstant feedback cgpotentially augment gains multiple
sportspecifictasks.Neverthelesghese findings should be verified by further studies.

The jumpsquat exercise appears to be a good candidaraimine thanfluence of instant
feedback on multiple spegpecific performanceslt has been shown to simultaneously
influenceconcentric power output, running speed, maximal isometrie fand vertical jump

performancan physical active populationd8, 19, 29. One important aspect that should be

considered when manipulating training variables is the level of training experience of the

individual. Whereas novice athletes will have large performance gains after a relatively short

training time, experienced athlstavill make small strength/performanceirgaover a long

period of time (10). Therefore, it is perhaps advisable to investigate the use of instant

feedback in alreadtrained individuals.

Consequently, the present study investigated the efficacy of-$opgi training with instant
concentricpower feedback compared to training without feedback in already streaijtbd
individuals. It was hypothesized that theaining gainsof several spofspecific testsn the

group withvisualinstant feedback will blarger compared tthe nonfeedback group.

METHODS

Experimental Approach to the Problem
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Strengthtrained men were pamatchedbased on the loathat yielded maximum concentric
power (Pmaxand randomly divided into instant feedbadisplayedconcentric power output
after each repetition) or neeedback groupsMuscular power is considered as one of the
main determinarg of performanceduring maximal sprinting, jumping and throwing. has
beenshown that trainingvith the load that maximizepower output can enhanegrious
athletic tasks including sprinting, maximum strength and jumpint®,29). From that
standpoint, it was important to maintain similar training loadsveenthe groups.Both
groupsperformedthe jumpsquat exercise 3xweek over avéek period. Performance tests
included maximum running speed, highest average concentric poRa#,|8ad and vertical

jump performance premid- (after 3 weeks) and pesiining.

Subjects

Twentyfive strengthtrained men from different sports (martial arts, weightliftisgccer
players, track and field athle)eagreed to participate in this researSlubjectswere placed

into an instant feedback group (n = 13, age = 22.9 = 2.2 years, height = 185%H,
weight = 81.6 + 5.7 kg,-8BM = 194.6 *+ 19.8 kgdpr nonfeedback group (n = 12, age =23 + 2
years, height = 182 + 4.9 cm, weight = 80.4 £ 6.9 kRM8 = 163.3 £ 36.9 kg)The nstant
feedback group was composed of 2 university weightlifters, fBdotrack and field athletes
(100 and 200 m), 5 soccer players (regional competitbbjyddka, 1 karate and 1 boxer. In
the nonfeedback group were 2 university weightlifters, 5 soccer players (regional
competition), 2 karate, 2 jutasand 1 Thai boxelAll subjecs had a minimum of 4 years of
resistance training experiencgubjectswere fully informed about the study design and all
procedures were explained along with possible righsr to providing signed informed
content. The studwas approved by the local University Ethics Committee and conformed to

the Declaration of Helsinki.
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Figure 1 about here

Procedures

Diagnostic serie$ determination of the load that maximized average power output

A diagnostic series was cerd out aspreviously reported28, 29. Before the start of the
experiment,subjectsunderwent a series of jurgguat trials.A linear position transducer
(FITRODyne Premium, Bratislava, Slovakia) was used to record average concentric power
during each repetition tho ugh o u't the study. The Fi TRODyRN ¢
Olympic barbell perpendicular to the floor. The system’s sensor unit was connected to a
computer with builin software that displayed average concentric power data. It has been
shown to be a tieable device to measure pow@#). Foam cubes are individually adjusted

to eachsubjectby measuring the knee joint angle usalgandheld goniometeihe depth of

the squat was to a kneagle of approx. 90All subjectsvere instructedo fisquat downn a
controlled manner and then immediately jump up as quickly as passithle series began

with an Olympic barbell (20kg) and the test was interrupted upon reaching a plateau or
decrease in average concentric power output (Preaxhsubjecthad two aiempts with each

load which was then increased in 10 kgtepsif average concentric power continued to
increase Three minutes of rest was included aftez 2 trials and before further incneents

To confirm thatthe plateauin power outputhad been obtaineagachsubjectperformeda
further 2 trials (+20 kg) The same procedure to evaluate Pmax and the load that makimize

Pmax was chosen duripge-, mid-, and postrainingtesting

Maximal running speed testing
Subjectscompleted 2 trials of a 50m maximal sprinhningtest Split timeswererecorded at
30m and between 30m and 50m to evaluate 20m flying start. debpdctstartedvolitionally

from a stationary, standing start. The front foot was placedoap 50 cm bkind theduat



151  beamtiming gate(FiTRO Light Gates, Bratislava, Slovakii) avoid spontaneous triggering.
152  The best time ofhe 2 trials was recordedor furtheranalyss. A two-minute rest period was

153 included between trials.

154  3-RM halfsquat testing

155  3-RM back halfsquat strength was performed usiag Olympic barbell and free weight
156  according tgorocedures o€rewther et al(6), but modifiedto the back haisquat (90knee
157  anglg. A loaded barbell was positioned across the shoulders. Feet were gligbdg wider
158  than shoulder width apart. On both sides of the barbell were experierstacttors who
159  watchedfor subjecté s af et y an do take thee barfaseraethingaumpreslictable
160 happenedr the attempt failedSubjectssquatted down in aontrolled manner unti& knee
161 angle of 90°(controlled by foam blocks as abovie¢fore returning to the fuyll exterded
162  (star) position without assistance. The load started a6@% of subjectestimated3-RM for
163  4-8 repetitions. The load was then increhse 10 kg stepsuntil 3-RM wasunsuccessfully
164  performed Oncethe subject failedthe load was decreasbkg 5 kgand a further attempt was
165 made. Hencehe final 3RM wasdeterminedvith an accuracy of 5 kgnd always within 3
166  sets Rest intervad between trials wer8-4 minutes. &RM testinghas a high degree of
167  reliability in trained mer{5).

168

169  Vertical jump testing

170  CMJ and SJ measurements were performedth the subject$ feet placed shouldevidth
171  apart. Maximal height of eaclextical jump wasecorded on Myotestaccelerometer system
172  (Myotest® Performance Measuring system, Sion, Switzerland), which was positioned on a
173  stick and held on the shoulders (similar to barbell jtsgpats).The device calculates jump
174  height through the change in pasit in the vertical plane (2D accelerometer with a sampling

175  frequency of 500 Hz). The Myotest has been shown to be valid and reliable device to measure



176  countermovement (CMJ) and squat jump (&ight(3). All subjectswere instructed to jump
177  as high as possible and to avoid involuntary movement that could affect results. During the
178  testing sessiorsubjectsperformed 2 trials of the squat and countermovement vertical jump.
179  The best height was recorded for further asiglyWhen performing the S3ubjectswere
180 instructed to avoid any countermovement in the base position (90%akigés). During the
181 CMJ, subjectswere instructed to perform the test to a -seliected depth. Rest intervals
182  between trials were between-80 seconds.

183

184  Jumpsquat training

185  Both groups trained 8mes per week for 6 weekBuring te first 3 weekssubjectsin both

186  groups performed 4 setds 8 repetitionswvith anabsolute load 20% below Pmax loawd the
187 last 3 weeks were performedth 8 setsof 4 repetitions with the absolute load that maximizes
188  averagepower In our previousstudy(29) we conducted piloineasurementahere a suset

189  of the subjects were randomly selected to perform 1 set with Pmax load and 1 setoaih
190  corresponding t®0% of maximum power (which is approx. 20% below Pmax-idadtified

191 by thediagnostic serigsFrom these measurements we determinedsiligiects were able to
192  perform 4.4 + 1.5 repetitions with Pmax load, and 8.3 * 2.8 repetitithdighter load (20%
193  below Pmax loadyvhile maintaining average concentric power abavbreshold of 90 % of
194 the measureanaximum power(29). During training all subjectswere instructed to squat
195  down untilthey touched the foam cubéapprox. 90° knee anglend therimmediatelyjump

196  as high as possibl8oth groups were verballgncouragedo jump as high as possible during
197  all training sessions, but onthe feedback groupeceived(visual) reattime datafrom the
198 each repetition(Figure 1) Thesestandardizednstructions were maintainetthroughout the
199  study.Three minutes rest watlowedbetween setd he subjectsvere instructed to avoid any

200 otherheavy orpowertype strength training during theweek period but they were allowed
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to continue their normalftbseason technical training sessiofisbjectscompleted 18 jump
squat training sessions in totBlifferences between training loadisedvere norsignificant

(feedback: 85+11 kgl3.6+5 % of 3BRMnonfeedback: 79+14 kg19.6 % of 3RM; p=0.295)

Statistical Analyses

Standard statistical methods were used to calculate mean and standard deviations (mean+SD).
Normality was assessed by the Kolmoge®wmi r nov t est and Leveneo
assess homogeneity of varian&epeated measures Analyss$ Covariance (ANCOVA; 2

time x 2 group) with baseline values as covariate was performed to determine significant
main effects. Where a significant timexgroup interaction was detected, Bonferroni post hoc
tests were used to determine witigup changeswver-time. Calculation of effect size was
perfor med byg where sn@ll (£¥08)] meelions (0.3.8) and large (>0.8) effect

sizes were used to describe the betwgremip changes ovéri me  ( to mosttraigpngp r e
Alpha was set at 0.05 and atatistics were performed by IBM SPSS statistics 24 software
(IBM, Armonk, New York, USA). TesRetest reliability values were; 30m sprint: 0.961 and
0.7%, 50m sprint: 0.659 and 2.4%, 20m flying sprint: 0.938 and 1.0Rd\:30.987 and

2.1%, Pmax: 0.459ral 8.4%, Pmax load: 0.659 and 11.1%, CMJ: 0.983 and 1.7%, and SJ:
0.982 and 1.7% for Intralass correlation coefficient and coefficient of variation %,

respectively.

RESULTS

Significant timexgroup interactions were observed for all variables (TdbleThe group
training with instant feedback demonstrated statistically significant (P<0.05) improvements
overtime from pre-training to posttraining in all variables expect Pmax (Taklg In

particular, the improvements occurred during the last 3 weékbeotraining period as
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demonstrated in the statistically significant differences betwaeé+iraining andposttraining
(Table 1). Significant decrease$or the nonfeedback groupvere obsered in Pmax, Pmax

loadand SJ height (Table).1

Table 1 aboubere
Effect sizes for the preo posttraining changes revealed strong effect sizes in favor of the
instant feedback group (Figure 2); 30g—-1.06, 95% confidence interval-%.89 t0-0.22),
50m @ = -1.88, 95% confidence interval2.82 t0-0.94), 20n (g = -2.03, 95% confidence
interval =-2.99 t0-1.06), Pmaxd = 1.18, 95% confidence interval = 0.33 to 2.03RNX (g
= 1.31, 95% confidence interval = 0.44 to 2.17), Pmax lape (.74, 95% confidence
interval = 0.82 to 2.67), CM3E 1.76, 95% condience interval = 0.84 to 2.69) and $J(

2.85, 95% confidence interval = 1.74 to 3.96).

Figure 2 about here

Discussion

The main purpose of this study was to determine the effect of instantgr@oersproduction
feedback(after each repetitignon multiple sportspecific testsduring a 6week training
period Significant improvements in all assessed running speedvertical jumpgests were
observed in the feedback groaply, whereaso improvementoccurredin the nonfeedback
group The results othe present study support the use of instantaneous feedback during jump

squat training in athletes.

The results of the nefeedback group are not surprising because similar findmgshletes
were also recorded in previous jursguattraining studiesvithout feedbackl1, 23 30). This
is symptomatic of the difficulty in eliciting gains in already strerg#ned individualsin
contrast,some studiesusing physically activeathletesfound significant improvements in

sprint times over distance of 510, 20 and 30 niL7) and 50 m(29) as well as trersitoward
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improved 10 and 20 m sprint tinf2l). Sincethe subjecés strength level varied from study
to-study, this should be kept in mind when evaluating the literatWaile betweenrstudy
differencesmay be attributed to training status, we show here that a lack of improvement in
maximum strength may not just be due to training history and baseline strength level, but also
may depend on how the exercise is performed on dyepp basis. This interptation is
supported by the divergent adaptations between the feedback afekdback groups in the

present study.

The presens t u dupjéctswere professional athletes who had several years of experience in
strength trainingas well as withthe jump-squat exerciseTherefore, it may be that jump
squat training as a sole exercise for Hig¥el athletes is not a sufficient stimulus in itself to
readily improve sprint and vertical jump performantfeanything, the training stimulus
without instant fedback in the present study could be considered insufficient in this
population, since the nefieedback group demonstrated reduced jsgpat powerand SJ
height Interestingly, the inclusion of instant feedback in the present study shows the

importance othis potentially motivating factdo induceperformance improvements

Significant improvements igprint times were obsezd inthe presenstudy (20 m= 3%, 30

m = 2%, 50 m=2%,p OO0 . ThiSi} in-line with previousjump-squat trainingstudies where
significant improvements in 20and 50m sprint timé14.5% and 1.9%, respectively,00 . 0 5)
(29, 29) as well asSm (7.7%, ES=1.68)10m (5.5%, ES=1.45)20m (3.6%, ES=1.2Hand

30m (3%, ES=0.9%sprinting velocity(17) were observed/ith respect to theurpose of th
presentstudy, only one study examinetthe shortterm effecs of jump-squat training withor
without instant(peak velocityfeedbackon 30m sprint performance in highly strengthined

rugby playerg23). Randell and colleagud23) observedsignificantdifferencein 30 m sprint

time (14%, ES=-0.46,p ° 0 . i tavoyof instantfeedbackwhich theauthorsexplaired as

a resultof greater consistency in peak velodiyring thetraining. A similar effect could have



275

276

277

278

279

280

281

282

283

284

285

286

287

288

289

290

291

292

293

294

295

296

297

298

299

12

happerdin our studywhere not velocity but greater consistency jpower output servetb

enhancesprint performance

Maximal strengtHi.e. 3RM) improvement was also evident only in the feedback group (pre
to posttraining: 7%, p 0. O 5p significent impovement was obseniadthe non
feedback group (preto posttraining: 3%, p>0.05. Previous studies have shown mixed
results regarding the efficacy of jursguat training to improve maximum strengthth both
significant improvementi recreationallytrainedathleteq4, 21, 26) and no improvemenis
strengthtrained athletes(22, 30. One study performed by Harris et al(9) observed
significant increases in-BRM squat strength after both heawad jump-squat training (80%
1-RM, 15%) and lighioadload jumpsquat training (the load ranged betweeri 221% of %

RM to provide Pmax load, 11%) in strengthined rugby league playefBhe present training
cycle was performed with the load that maximsizererage power output and this may allow
simultaneous improvement in both maximareagth and sprint performancé€9).
Improvements in both CMdnd SJ were observed affgywer training withinstantfeedback
only (pre to posttraining:both 6% p °~ 0 . 0 5-feedbadklgreup did mot improve CMJ
or SJ height. Moreoven significant decrease in SJ height in the #fe&dback group was
recorded (pre to posttraining: -3%, p = 0. OrbapnitudeTohirmprovementsin the
feedback groupare somewhatlower comparedto previousjump-squat studiesin only
moderatelytrained individualg26, 29. Nevertheless, dmilar magnitude ofimprovement in
CMJ compared tahe presenstudy was observedby Randell et al.(23) in their feedback
group (5%, visualfeedback provided wapeak velocity) Summarizing the results of the
present stdy and those of &dell et al.(23), it appears that the use of instant feedback leads
to (almost) a similar magnitude of trainingduced improvement as would be expected in
lesseitrained athletes however,performing jumpsquat training without instant feedback

leads to a much lower and neignificant change in vertical jump performance
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300 Significant improvement in Pmax loadas evident only in the feedback group (e post
301 training: 8%, p ~ But thisd plateaueduickly andno significant improvementsccurred
302 from mid to posttraining (26, p>0.05). No significant improvements from {pte post
303 training or from mid- to posttraining wereobservedin Pmax (pre to posttraining: 6%,
304 p>0.05. However, there was trend towards the improvement in Pmax in the feedback group
305 after training (7%, p=0.063 ¢g=1.18. Conversely, the nofeedback group observed
306 significant decrements both Pmax load-L 5 %, p ' @raifing to pgstraming) and
307 Pmax (4 %, p = O-trathibg to postraining). Qur results regarding Pmar the non
308 feedback groupare inline with a previous stdy conducted by Harris et g9) who also
309 observeda decrease in power outpfwith the load at 55% fol-RM) after two jumpsquat
310 training variations {L7%, 80% XRM and-6%, 20-44% 1RM) in elite-level rugby league
311 players Attributing cause to the findings of the present study #met of Harris and
312 colleagues(9) is complex because of the possible different contributing factors, however,
313 potential reasons include.g. variation in performance due to fatigue/lack of motivation
314 (despite constant encouragememtlso, possible changes in the fomelocity relationship
315 where maximum strength remained the same but the execution on thequatp during the
316 training could be slower compared to their counterpartthatthe training program was not a
317  sufficient stimulus to promote gains inighalready higly-adapted groupNevertheless, as
318 discussed above, the likely candidate may be that the-gguat exercise alone was not
319 sufficient to maintailfmaximumstrength and power levels imell-trained athletesln this
320 senseeventhe addition of feedbaadinly rended tamprove Pmax (7%, prdo posttraining

321 p=0.063g=1.18).

322  Certainly, it would seem that advanced or higingined athletes are more challenging to
323 condition tha their less experienced counterparts, and they may retyriteer stimuli of

324  program variableso adieve the desired improvemeni®). It has already beeshownin
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325 previous works that provision of instant feedback led to performance consistengyadf s
326 jumps(24, 25 and increas® peak velocity of squat jumg85). Thereforejt seemspossible
327 that visual feedback could resuit greaterconsistency of effort and motivate athletes during
328 jump-squat training progranmto perform high-quality movement repetiticafterrepetition
329 These findings are consistent among studies dets@ttactthat the feedback provided in the

330 present study was average concentric pd®Rerax) compared tpeakvelocity (23, 24, 25.

331 The present study has also some important aspects as well as limitations that should be
332 discussed One important aspect dhis study was that the external training load was

333 individually adjusted according to the powead curve of eaclsubjecti and this was

334  monitored throughout the study. The usermfividualized loads compared to prescribed (%

335 of 1-RM) may be beneficial since it has beenstated that different neuromuscular

336 characteristics of theubjectsmay leadto different powefload curves(13). However, one

337 possible confounding factor is that the initiaR®1 strength was different between the groups.

338 The main purpse of our randomization procedure was to match the groups based on training
339 load, but this as an unforeseen consequence of our randomization pro€azitamly, it

340 would be interesting to conduct the study paatched for maximum strength as well as

341 training load It should be noted that the néeedback stimulus was not insufficient for all

342 performance tests and within the Ai@edback group there were individuals that responded
343  positively to the trainingln order to understand the potential intedividual differences,

344  future studies would need to include a much larger sample size and make detailed assessments
345 of the neuromuscular properties of each individéadother important consideratioof this

346  study wasthe useof only one exercisei.g. jump-squaj during the experimernib compare

347 feedback versus mi@edback While this is of scientific advantage, training sessions in

348 athletic environments are typically composed of several exercises, and so external validity is

349 somewhat compromised heré/hile other studies have provided feedback in only one
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exercise, they did include several exercises as part oftthgiing program for athletg23).

Our methods allow us to compare the effects of instant feedback froffieedimack, but the
training programitself may not have been optimad of sufficient volumeor the subjectsin

the present study. Alsdye¢ lack of exact mechanisms that are responsible fgretiermance
improvementss as another limitatiorkHaving now confirmed the possible advantage of using
instant feedback in traininduture studies should aio determine whether the source of
improvement was e.g. neural, muscular or connective tigsugrder to understand the

phenomena to an even gmagxtent.

In conclusion, the results of the present study support the use of instantaneous feedback
during training sessions to enhance maximal strength, vertical jump and sprint performance in
already strengtirained athletes. Therefore, such a procedoan be recommended for

practice where further increases in sport performance are required, for instance, when a

plateau in already strengttained athletes has occurred.

Practical Applications

The use of instant (visual) feedback on power produdianng jumpsquat training is an
essential component for any athlete/coach. Furthermore, power training of only one exercise
in highlevel athletes without monitoring has the potential to lead to decrements in
performance. Our findings and conclusions hm@ted to shoriterm training and in leg
extensor muscles/exercise(s), as the present intervention was only 6 weeks in duration.
Nevertheless, it might be expected that changing the training stimulus would be

recommendable after such a period of powenitng.
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Figure legends:

Figure 17 Subjectsperforming jumpsquat training in the (A) bottom position (approx. 90°)
and (B) in a jump position. The figure shows the visual displagvefageconcentricpower

output provied in realtime between each repetition

Figure 2 i Effect sizes( He d g andl 5% confidence interval§r the betweergroup
changes preto posttraining. Note that thevalues for thesprinttime variable have been

made positive to maintain directionality within the figure.
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487 Tables

488 Table 171 Physical performancémeantSD) and statistical comparisons between the two

489  groups.

Feedback group Non-feedback group timexgroup

Pre Mid- Post Pre Mid- Post P-value

30m(s)  4.31#0.15 4.28+0.11 4. 2 2 NO 4.29+0.16 4.26x0.12 4.27+0.16 0.005
50m(s)  6.69+0.23 6.64#0.17 6. 52 NO 6.64+0.25 6.63+0.21 6.64+0.23  <0.001
20m flying 2.3740.09 2.35+0.08 2. 3 0 N0 2.35+0.10 2.37+0.10 2.37#0.11  <0.001
(s)

3-RM (kg) 19520 20018 207 N2 163+37§ 166+36§  167+368 0.004
Pmax (W) 1820+173 1878+90 1932+167 1669+188 1635+165§ 1600+152*§  0.002
Pmax load 85+11 90+11 92+12* 7914 71+14§  68+18*§ <0.001
(kg)

CMJ (cm) 49.3+4.6 50.9+42 52 . 2 NE 44.4+6.3§ 44.3+6.38 42.3+6.3§  <0.001

SJ (cm) 44.1+4.2 45342 46 . 8 N< 40.1#59 39.9+5.68 39.0+5.3*§ <0.001

490  Within-group differences: *=P<0.05 versus Rre& ai ni ng, V =Ptmiling05 ver sus Mid

491 Betweengroup differences: §=P<0.05.

492



