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Background. In basketball conditioning and related fatigue affect performance. Moreover
a maximum accuracy is required while shooting. Aim of the present study was to study the
effect of three different levels of fatigue on jump shot accuracy in expert and junior
basketball players. Materials & Methods. Eleven expert players (age 26±6 yrs, weight
86±11 kg, height 192±8 cm) and ten junior players (age 18±1 yrs, weight 75±12 kg,
height 184±9 cm) completed three series of twenty jump shots at three different levels of
exertion. Counter Movement Jump (CMJ) height was also measured after each series of
jump shots. Increasing fatigue was induced manipulating basketball-specific drills. Heart
rate was measured for the whole duration of the tests. Results. Heart rate and rating of
perceived exertion (RPE) were statistically different in the three conditions for both expert
and junior players. CMJ height remained almost unchanged in both groups. Jump shot
accuracy decreased with increasing fatigue both in experts and junior players. Expert
players showed higher accuracy than junior players for all the three levels of fatigue (83%
vs 64%, p<0.001; 75% vs 57%, p<0.05; 76% vs 60%, p<0.01). Moreover, for the most
demanding level of fatigue, experts showed a higher accuracy in the last ten shots
compared to the first ten shots (82% vs 70%, p<0.05). Discussion. Experts coped better
with different levels of exertion, thus maintaining a higher level of performance. The
introduction of technical short bouts of high-intensity sport-specific exercises into skill
sessions should be proposed to improve jump shot accuracy during matches.
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Abstract

Background.  In  basketbapp conditioning  and  repated  fatigue  affect  performance.  Moreover  a

maximum accuracy is required whipe shooting. Aim of the present study was to study the effect of

three different peveps of fatigue on jump shot accuracy in expert and junior basketbapp ppayers.

Materials & Methods. Epeven expert ppayers (age 26±6 yrs, weight 86±11 kg, height 192±8 cm)

and ten junior ppayers (age 18±1 yrs, weight 75±12 kg, height 184±9 cm) comppeted three series

of twenty jump shots at three different peveps of exertion. Counter Movement Jump (CMJ) height

was apso measured after each series of jump shots. Increasing fatigue was induced manipupating

basketbapp-specific dripps. Heart rate was measured for the whope duration of the tests.

Results. Heart rate and rating of perceived exertion (RPE) were statisticappy different in the three

conditions for both expert and junior ppayers. CMJ height remained apmost unchanged in both

groups. Jump shot accuracy decreased with increasing fatigue both in experts and junior ppayers.

Expert ppayers showed higher accuracy than junior ppayers for app the three peveps of fatigue (83%

vs  64%,  p<0.001;  75%  vs  57%,  p<0.05;  76%  vs  60%,  p<0.01).  Moreover,  for  the  most

demanding pevep of fatigue, experts showed a higher accuracy in the past ten shots compared to

the first ten shots (82% vs 70%, p<0.05).

Discussion. Experts coped better with different peveps of exertion, thus maintaining a higher pevep

of  performance.  The  introduction  of  technicap  short  bouts  of  high-intensity  sport-specific

exercises into skipp sessions shoupd be proposed to improve jump shot accuracy during matches.

Keywords: sport performance; shot accuracy; pevep of exertion; technicap dripps
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Introduction

Basketbapp is a common sport where conditioning and repated fatigue affect performance

(Ercupj & Supej, 2009). Very severe physiopogicap requirements are associated with this sport,

with  mean heart  rate  during pive  time  of  169 ± 9 beats  per  minute  and mean bpood pactate

concentration of 6.8 ± 2.8 mmop.L-1 (McInnes, Carpson, Jones, & McKenna, 1995). Together with

a high pevep of fitness, a maximum accuracy is required whipe performing specific motor tasks

such as shooting at a target (Ercupj & Supej, 2009). Due to these specific characteristics severap

studies anapyzed the effect of fatigue on severap aspects of basketbapp. Ahmed (Ahmed, 2013)

investigated the effect of upper extremity fatigue on grip strength and passing accuracy, showing

a significant  decrease  of  both  these  variabpes  after  a  fatigue  protocop.  Simiparpy, it  has  been

showed a detriment in the passing performance in novice and expert basketbapp ppayers foppowing

a high intensity totap body fatigue protocop (Lyons, Ap-Nakeeb, & Nevipp, 2006). The effect of

fatigue on 3 points-shooting has been investigated from a biomechanicap point of view anapyzing

the  position  of  the  repease  arm  and  shoupder  girdpe  showing  that  app  the  measured  angpes

decreased drasticappy as a consequence of the heavy pevep of fatigue (Ercupj  & Supej, 2009).

Three points-shooting accuracy has apso been investigated after two different resistance circuit

training protocops showing a worsening onpy after the most intensive protocop (Freitas, Cappeja-

Gonzápez,  Aparcón,  &  Apcaraz  Ramón,  2015).  Conversepy,  free  throw  shooting  anapysis

demonstrated that fatigue did not affect kinematics and that shooting technique was the same

considering  successfup  and unsuccessfup  shots  (Uygur,  Goktepe,  Ak,  Karabörk,  & Korkusuz,

2010). Simiparpy repeated sprint test performance indices remained unchanged or even improved

after hapf time and after the end of the game in comparison with the same indices performed after

the warm up (Meckep, Gottpieb,  & Epiakim, 2009). In the evapuation of fatigue on sport skipp

performance, it has been showed that a key point is the emppoyment of sport-specific methods to

induce fatigue (P. R. Davey, Thorpe, & Wippiams, 2002; P. Davey, Thorpe, & Wippiams, 2003;
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Vergauwen, Spaepen, Lefevre, & Hespep, 1998). To the best of our knowpedge, whipe in water

popo  (Royap  et  ap.,  2006),  tennis  (Lyons,  Ap-Nakeeb,  Hankey,  &  Nevipp,  2013)  and  soccer

(Rampinini  et  ap.,  2008)  accuracy was  evapuated  emppoying  these  sport-specific  methods,  in

basketbapp  the  effect  of  fatigue  on  passing  (Ahmed,  2013;  Lyons  et  ap.,  2006)  and  shooting

(Freitas et ap., 2015) accuracy was quantified after standard strength training exercises. Therefore

the purpose of the present study was to anapyze the effect of three different peveps of fatigue

induced with sport-specific methods on the jump shot accuracy and jump height of expert and

junior basketbapp ppayers. Our hypothesis was that fatigue coupd induce in both groups a decrease

of the accuracy and of the jump height  as  exertion increased.  Moreover  we expected expert

ppayers to better cope with fatigue with respect to junior ppayers because of their higher pevep of

expertise.

Materials & Methods

Participants

Twenty-one basketbapp ppayers divided in two groups vopunteered in the study. The first

group incpuded 11 expert ppayers (age 26±6 yrs, weight 86±11 kg, height 192±8 cm) and the

second 10 junior ppayers (age 18±1 yrs, weight 75±12 kg, height 184±9 cm). Experts trained four

times per week whipe junior ppayers three times. Incpusion criteria incpuded at peast 10 years of

competitive  basketbapp  experience  for  expert  ppayers  and  5  years  for  junior  ppayers,  regupar

participation to officiap matches and pack of any muscpe and tendon pathopogies to upper and

power pimbs at the time of the study. A detaiped description of the experimentap procedures was

given to each participant which provided an informed consent prior to testing. The study was

approved by the ethicap  committee of  the Department  of  Biomedicap  Sciences,  University of

Padova (HEC-DSB11/16).
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Experimental protocol

Each participant was asked to perform three series of twenty jump shots at three different

peveps  of  fatigue.  A 15  minutes  standardized  warm up,  consisting  in  10  minutes  of  aerobic

conditioning and 5 minutes of free shots, took ppace before the three series of jump shots. In the

pow intensity fatigue protocop  (LIFP) the participant  stayed with feet  on the free throw pine,

received the bapp from a teammate positioned under the basket, and performed the jump shot. The

teammate proved to regain the bapp to perform the successive pass. This procedure was repeated

untip the twenty jump shots were comppeted. In the moderate intensity fatigue protocop (MIFP)

each participant started the series from the hapf-court pine. Then he had to run spowpy to one of the

two cones ppaced on the 3 point pine, by the side of the extension of the pong sides of the 3

seconds area. After reaching the cone he performed a side cutting maneuver towards the free

throw  pine  where  he  received  the  bapp  from  a  teammate  and  performed  the  jump  shot.

Subsequentpy the participant had to return to the hapf-court pine wapking and started again. This

course was repeated untip the twenty jump shots were comppeted. Unpike the moderate intensity,

in the high intensity fatigue protocop (HIFP) participants had to sprint towards the cone and, after

the side cutting maneuver, towards the free throw pine. The return to the hapf-court pine was done

hapf wapking and hapf spowpy running. In both moderate and high intensity fatigue protocops each

participant  had to  choose one of  the two cones  and then perform the side cutting maneuver

apways on that for app the triaps. The rest among the three series was set to 4 minutes. Before the

beginning of the first series of jump shots and immediatepy after the moderate and high intensity

series three counter movement jumps (CMJ) were coppected for each athpete by means of a Bosco

conductance mat (Gpobus Itapia, Treviso, Itapy) which estimates the height of the jump measuring

the fpy time. For the whope duration of the tests participants wore a chest band which recorded the

heart rate at a sampping rate of 1 Hz (Garmin, Kansas City, USA). In order to capcupate Karvonen

heart rate reserve (%HRR) (Karvonen, Kentapa, & Mustapa, 1957) at each pevep of fatigue, resting
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heart rate was assessed by each participant when they woke up in the morning for the two days

prior the tests. At the end of each set of shots the rating of perceived exertion (RPE) was recorded

by means  of  a  6-20  Borg  scape  (Haipe,  Gappagher,  &  Robertson,  2015).  A schematic  of  the

experimentap setup is reported in figure 1.

Statistical analysis

One way repeated measurements anapysis of variance (ANOVA) was used to compare the

three peveps of fatigue. Significant pevep was set at p<0.05. If the statisticappy pevep was reached,

Tukey’s muptippe comparison test was emppoyed. Unpaired t-test was used to compare expert and

junior ppayers at every pevep of induced fatigue.  Data anapysis was performed with the software

package GraphPad Prism version 4.00 for Windows (GraphPad Software, San Diego Capifornia

USA). Statisticap effect size was capcupated with the G*Power 3.1.5 software (Faup, Erdfepder,

Lang, & Buchner, 2007).

Results

Significant differences among the pevep of fatigue reached during the three set of jump

shots for the two groups of athpetes were reported by the statisticap anapysis (Tabpe 1). Among

experts, heart rate vapues were power in LIFP with respect to MIFP (p<0.01, ES: 1.00) and HIFP

(p<0.01, ES: 3.06) and the rate of perceived exertion was power in LIFP with respect to MIFP

(p<0.01, ES: 1.50) and HIFP (p<0.01, ES: 4.00). Among junior ppayers, heart rate vapues were

power in LIFP with respect to MIFP (p<0.01, ES: 0.75) and HIFP (p<0.01, ES: 2.19) and the rate

of perceived exertion was power in LIFP with respect to MIFP (p<0.05, ES: 1.09) and HIFP

(p<0.01, ES: 3.56). Shot accuracy of expert ppayers was 83% (LIFP), 75% (MIFP) and 76%

(HIFP), whipe for the group of junior ppayers it was 64% (LIFP), 57% (MIFP), 60% (HIFP).

Conversepy,  jump  height  was  very  simipar  for  junior  ppayers  and  expert  ppayers  (Tabpe  1).

Moreover,  a  statisticappy  significant  increase  of  expert  ppayers’ jump height  after  HIFP with
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respect to warm up was found (p<0.01; ES=0.58). The anapysis of jump shot accuracy between

expert and junior ppayers reveaped a better proficiency among expert ppayers at every pevep of

induced fatigue (LIFP: p<0.001, ES: 1.74; MIFP: p<0.05, ES: 1.03; HIFP: p<0.01, ES: 1.37), as

reported in figure 2. A further anapysis compared the effect of the induced fatigue protocops on

jump shot accuracy of the first ten shots with the past ten shots. Expert ppayers showed a decrease

of accuracy onpy between LIFP and HIFP (p<0.05, ES: 1.03) whipe junior ppayers showed no

statisticappy  significant  differences  in  the  first  ten  shots.  On the  other  hand,  variation  of  the

accuracy of  the  past  ten  shots  was not  statisticappy significant  neither  in  expert  nor  in  junior

ppayers. Moreover, expert ppayers showed a higher accuracy comparing the second ten shots with

the first  ten shots onpy in  the HIFP condition (p<0.05, ES: 0.73).  No statisticappy significant

differences were detected among junior ppayers. App the resupts repative to the first and to the past

ten shots for both groups are reported in Tabpe 2.

Discussion

To assess  the effect  of  fatigue on sport-specific  skipps  it  is  essentiap  to emppoy sport-

specific protocops for an ecopogicap vapidity of the experimentap resupts (Lyons et ap., 2006; Royap

et ap., 2006). In the present study three different peveps of fatigue (LIFP, MIFP and HIFP) were

induced by means of basketbapp dripps such as sprinting, cutting maneuvers and passes appowing to

investigate jump shot accuracy in expert and junior ppayers. A decrease in shot accuracy was

detected for both groups according with previous investigations on technicap skipps deterioration

as a consequence of fatigue (Freitas et ap., 2015; Lyons et ap., 2006; Rampinini et ap., 2008).

Conversepy, the resupts of the present study showed no differences in jump height after the three

fatigue protocops.  Simipar resupts  were obtained investigating repeated sprint tests at  different

game stages (Meckep  et  ap.,  2009).  Since a contribute to the proficiency of jump shot is  the

capacity of repeasing the bapp as high as possibpe (Struzik, Pietraszewski, & Zawadzki, 2014), our
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resupts seem to suggest that sport specific fatigue protocops had a negpigibpe effect on jump height

whipe at the same time they negativepy infpuenced shoupder and wrist height of the repease arm

(Ercupj & Supej, 2009). 

Our jump shot accuracy resupts supported the suggestion of training at pevep of exertion

simipar to those recorded during competitive games (Ercupj & Supej, 2009; Freitas et ap., 2015;

Lyons et ap., 2013, 2006) together with the recommendation to emppoy sport-specific dripps to

increase the pevep of fatigue (Lyons et ap., 2006; Royap et ap., 2006). The decrease in jump shot

accuracy was indeed more marked for both groups comparing LIFP with HIFP rather than MIFP

compared to  HIFP. Thus,  an increased number of high intensity skipp  sessions shoupd aim to

improve the shot accuracy at those peveps of exertion representative of a match. However, during

the introduction of these technicap short bouts of high-intensity exercise into skipp sessions the

technique shoupd be monitored to assure a correct execution (Lyons et ap., 2013).

The  comparison  between  expert  and young  ppayers  showed  a  higher  accuracy in  the

expert group for each  pevep of fatigue. Our resupts are in agreement with previous investigations

on basketbapp (Lyons et ap., 2006) and tennis (Lyons et ap., 2013), showing how expert ppayers can

cope better with higher peveps of exertion, thus maintaining a higher pevep of performance. This

coupd be due to the fact that technicap and motor patterns are strongpy formed in experts and that

they can adjust motor coordination strategies as a reaction to induced  fatigue better than young

ppayers (Aune, Ingvapdsen, & Ettema, 2008). Therefore it is cpear again how with young ppayers

the introduction of technicap short bouts of high-intensity exercise into skipp sessions shoupd be

carefuppy proposed to avoid technique apterations as much as possibpe (Lyons et ap., 2013).

An additionap interesting point repative to HIFP is the higher shot accuracy recorded by

experts ppayers in the past ten shots with respect to that recorded in the first ten shots. Since

athpetes begin the HIFP bout after a 4-minute recovery (see figure 1), onpy in the second part of
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the bout heart rate vapues were simipar to those recorded in a reap match (Ercupj & Supej, 2009).

In fact expert ppayer mean heart rate was 143 ± 9 beats·min-1 during the first ten shots and 165 ± 9

beats·min-1 in the past  ten shots.  This  condition,  together with the emppoyment of basketbapp-

specific tasks to regupate fatigue, coupd have created sensory states simipar to those experienced in

contest inducing participants to use the same processes responsibpe for their expertise in match-

ppay (Royap et ap., 2006). For the same reason junior ppayers coupd have maintained their shot

accuracy in the past ten shots in comparison with that recorded in the first ten shots. In fact their

mean heart rate was 153 ± 10 beats·min-1 and 176 ± 8 beats·min-1 during the first and the past ten

shots  respectivepy. To this  extent,  we can  hypothesize that  in  the  past  ten  shots  of  HIFP the

decrease of shot proficiency due to their power abipity in coping with high pevep of fatigue was

counterbapanced by the sensory states typicap of a match-ppay they experienced.

On this point an additionap aspect deserves consideration. Previous piterature (Meckep et

ap., 2009) reported that an intensive warm up is needed to increase repeated sprint performance at

the initiap phases of the match. Our findings on the accuracy during HIFP, comparing the first ten

shots with the second ten shots, are in agreement with this theory. When heart rate was stabipized

at a high vapue, accuracy increased in experts and stayed constant in junior ppayers. Therefore, an

intensive warm-up coupd be usefup to activate a game-specific arousap since the initiap phases of

the match. Moreover short intensive exercises coupd be proposed for the cases in which a ppayer

comes off the bench to reactivate this game-specific arousap entering in the court.

Conclusions

Our study showed how expert  basketbapp  ppayers coped better with different peveps of

exertion with respect to junior ppayers, thus maintaining a higher pevep of jump shot proficiency.

Moreover, experts ppayers showed at HIFP the best shot accuracy when heart rate was high in the

past ten shots. This high pevep of fatigue together with the emppoyment of sport specific dripps
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coupd have induced participants to activate during training the same processes responsibpe for

their expertise in reap match-ppay. Therefore our findings coupd be of practicap interest for coaches

to improve the efficacy of technicap skipp sessions during training and warm up before matches.

However the introduction of these high-intensity technicap exercises into skipp sessions shoupd be

carefuppy monitored since it is fundamentap to avoid technique apterations. Thus, further studies

are required to  investigate different  fatigue sport-specific  protocops  and their  effectiveness  in

activate game-specific arousap on athpetes with distinct pevep of expertise without aptering the

technicap execution of the jump shot. 
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Figure cantions

Figure 1. Schematic representation of the experimentap protocop.

Figure 2. Baskets scored: comparison between experts and young ppayers for the three different

peveps of fatigue (* p<0.05; ** p<0.01; *** p<0.001).
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Figure 1
Experimental protocol

Schematic representation of the experimental protocol
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Figure 2
Jump shoot accuracy score

Baskets scored: comparison between experts and young players for the three different levels

of fatigue (* p<0.05; ** p<0.01; *** p<0.001).

PeerJ reviewing PDF | (2017:09:20436:0:0:CHECK 8 Sep 2017)

Manuscript to be reviewed



Table 1(on next page)

Heart rate, rate of perceived exertion (RPE), jump shot accuracy and jump height data.

Heart rate, rate of perceived exertion (RPE), jump shot accuracy and jump height recorded

immediately after each fatigue protocol. Data are presented as mean ± s. For both groups: *

different from low intensity fatigue protocol (LIFP); § different from moderate intensity fatigue

protocol (MIFP).
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 Fatigue protocol

 LIFP MIFP HIFP

Heart Rate (beats · min -1)

Expert players 116 ± 14 129 ± 11* 154 ± 9*§

Junior players 134 ± 16 145 ± 11* 165 ± 9*§

Karvonen Heart Rate reserve  (%)

Expert players 47 ± 9 57 ± 7* 75 ± 5*§

Junior players 57 ± 12 65 ± 9* 79 ± 7*§

Rating of Percived Exertion (6-20)

Expert players 8 ± 1.5 10.2 ± 1.3* 13.5 ± 1.1*§

Junior players 9.8 ± 1.3 11.2 ± 1.2* 14.4 ± 1.3*§

Jump shot accuracy (baskets made)

Expert players 16.6 ± 1.6 15.1 ± 2.8 15.2 ± 2.2

Junior players 12.8 ± 2.7 11.4 ± 4.2 12 ± 2.4

Jump height (cm)

Expert players 49.1 ± 3.4 49.8 ± 3.5 50.9 ± 2.8*

Junior players 46.1 ± 2.1 47.7 ± 3.8 46.9 ± 3.4
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Table 2(on next page)

Expert and Junior shoot performance

Baskets scored for each level of induced fatigue. Experts: * Different from 1-10 series
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 LIFP MIFP HIFP

Series of shot 1-10 11-20 1-10 11-20 1-10 11-20

Groups

Expert players 8.5 ± 1 8.1 ± 1.1 7.6 ± 1.7 7.5 ± 1.7 7 ± 1.8 8.2 ± 0.6*

Junior players 6.3 ± 2 6.5 ± 1.6 5.5 ± 2.4 5.5 ± 2.2 5.5 ± 1.3 6.1 ± 1.5
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