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 abstract 
 Background:  ‪Main purpose of this research was to investigate the changes of physical match performance in Polish 

Ekstraklasa across four consecutive seasons. 

 Material and methods:  ‪A total of 949 official matches from season 2017/2018 to 2020/2021 were analyzed. Such match running 
performance variables as total distance, high-speed running, sprinting, and number of high-intensity runs 
were involved. Each season data were divided into two rounds (spring round and autumn round). Due to 
the pandemic of COVID-19 additional post-lockdown round (Spring I 2019/2020) occurred.

 Results:  ‪Comparison in the results between Spring 2017/2018 and Spring 2020/2021 indicated significant 
increases in total distance (2.1%, p<0.001), high-speed running (11.9%, p<0.001), sprinting distance 
(7.7%, p<0.01) and number of high-intensity runs (9.7%, p<0.001). Moreover, within season analysis 
exhibited that during spring rounds Ekstraklasa teams covered significantly longer (p<0.01) distances in 
high-speed running than during autumn rounds. Reduction in physical match performance was reported 
after the 12-week pandemic lockdown.

 Conclusions:  ‪The results of this study confirmed the growing importance of such match activities as high-speed 
running, sprinting and number of high intensity runs which increased in Polish Ekstraklasa by 8-12% 
within last 4 years. This growing tendency was disrupted by unexpected off-season period caused by 
COVID-19 lockdown.

 Key words: soccer, match performance, time-motion analysis, Polish Ekstraklasa. 
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introduction 
Soccer is one of the most popular sports in the world. Due to the development of available 
technologies there is still growing interest in the research concerning the physical match 
performance. Over the past twenty years numerous studies investigated the running 
demands of the officaal soiieer  ames  [1-3].  cstanie iooeered  by the  alabyeers cs de endent on  
seoeeraal oaerca ales suih as  alabycn   osctcon  43, matih outiome  53,  alabyeers  odby iom osctcon 
 63 oer thecer  hbysciaal fitness  73].

Conoentconaal tcme1motcon anaalbyscs usuaalalby cnooaloe data of totaal dcstanie (T ), dcstanie 
iooeered cn dcffeerent s eed zones and num eer of hc h1cntensctby eruns oer s ercnts]. Howeoeer, 
the definctcons of kcnematci zones oaerby wcdealby]. Seoeeraal  ereocous studces hc halc hted the 
neiessctby of uncfbycn  the dcocscon of the most iommonalby used s eed zones oer to cndcocduaalcze 
the data aiioerdcn  to  alabyeers  otentcaal  8, 93]. The homo enous iercteerca of settcn  the 
tcme1motcon eran es wouald aalalow ioaihes and s oert sicentcsts foer erealca ale iom aercson of 
anaalbyscs ferom dcffeerent ereseaerihes]. Moereooeer, suih anaalbyscs iouald esta alcsh the  hbysciaal 
demands of soiieer  alabyeers ferom dcffeerent aleoeals of iom etctcon].

The eooalutcon of soiieer matih  eerfoermanie haoe  een  ereocousalby cnoestc ated cn ieertacn 
alea ues]. Baernes et aal].  [03 anaalbyzed the ihan es cn  hbysciaal demands of En alcsh Peremceer 
Lea ue aieross 71season  eercod]. It was esta alcshed that aalthou h the totaal dcstanie iooeered 
 by the  alabyeers was erealatcoealby ionstant, the hc h1cntensctby erunncn  and s ercntcn  dcstanie 
cniereased  by -01-5%]. Reient anaalbyses  by Zhou et aal].  [[, [23 ere oerted the ihan es of 
teihnciaal and  hbysciaal  eerfoermanie duercn  officaal matihes cn Chcnese Soiieer Su eer  
Lea ue ere csteered foerm season 20[2 to season 20[7]. Scmcalaeralby to Baernes et aal].  [03 T  
eremacned sta ale, whcale hc h1s eed erunncn  and s ercntcn   eerfoermanie cniereased duercn  
cnoestc ated  eercod of tcme]. Fuertheermoere, the ne atcoe effeit of totaal dcstanie cn  ossesscon 
on the wcnncn  the  ame and  osctcoe effeit of totaal dcstanie out of  ossesscon on wcnncn  
the matih cn Chcnese Lea ue was deteited]. These studces ialeaeralby cndciate that  hbysciaal 
demands of modern soccer are still evolving.

Aalthou h, theere has  een  erowcn  cnteerest cn the iom etctcon of Poalcsh Eksterakalasa, the 
num eer of sicentcfii  a eers examcncn  the  hbysciaal matih  eerfoermanie cn thcs alea ue cs 
stcalal oeerby alcmcted  [-3]. Pereocous ereseaerihes ionieerned suih to cis as teracncn  aloads  [43 
oer ihan es cn sealeited  alood  aerameteers aieross the season  [53]. To ouer  est knowaled e 
no alon ctudcnaal studby cnoestc ated the ihan es of  hbysciaal matih  eerfoermanie cn Poalcsh 
Eksterakalasa to date]. Foalalowcn  the  otentcaal eooalutcon of soiieer matih erequcerements 
provide numerous practical information for soccer coaches and is very useful for preparing 
the teracncn   ero erams]. Theerefoere, the macn  uer ose of thcs studby was to cnoestc ate the 
 hbysciaal demands of  erofessconaal soiieer  alabyeers, and to cdentcfby  otentcaal ihan es cn 
 hbysciaal matih  eerfoermanie cn Poalcsh Eksterakalasa teams aieross fouer ionseiutcoe seasons]. 
Based on  ereocous ereseaerih ct was hby othesczed that cniereascn  terends of hc h1cntensctby 
performance will be detected.

material and methods 
design 
A totaal of 949 officaal Poalcsh Eksterakalasa (hc hest aleoeal of iom etctcon cn Poaland) matihes  
ferom season 20[7/20[8 to 2020/202[ weere anaalbysed cn the studby]. The iom etctcoe season 
cn Poalcsh Eksterakalasa ionscsts of 2 erounds: Autumn eround (ferom Jualby to  eiem eer) and 
S ercn  eround (ferom Fe eruaerby to Maby)]. Bereak  etween the erounds tby ciaalalby alasts ferom 7 to 9 
weeks]. Foer thcs ereason anaalbyscn  the data dcocded cnto two eround seems to  e justcfied].  ue 
to uniom aleted data onalby s ercn  eround of season 20[7/20[8 was taken cnto ionscdeeratcon 
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cn iuererent ereseaerih]. Fuertheermoere,  eiause of the COVI 1[9  andemci aloikdown the 
siheduale of season 20[9/2020 was modcfied]. Afteer 6 matihdabys of the S ercn  eround the 
iom etctcon was sus ended and the season erestaerted at the  e cnncn  of Maby, afteer 8[1
dabys aloikdown]. Theerefoere, the s ercn  eround of season 20[9/2020 was dcocded cnto two 
erounds: S ercn  I ( efoere the aloikdown) and S ercn  II (afteer season eresum tcon)]. Between 
seasons 20[7/20[8 and 20[9/2020 Eksterakalasa was  alabyed aiioerdcn  to ESA -7 sbystem 
cnooalocn  -7 matihdabys]. Afteer ealon ated 20[9/2020 season, duercn  2020/202[ iom etctcon 
eaih team iom aleted onalby -0 matihdabys].  etacaled siheduale of the anaalbysed seasons cs 
 eresented cn Fc uere [].

Fig. 1. The timeline of competition and preseason periods from season 2017/2018 to 2020/2021 in Polish Ekstraklasa

data collection 
The data used  hbysciaal matih  eerfoermanie was o tacned ferom a thcerd1 aertby, htt s://
teraia  oertaal].azuerewe sctes].net/alo cn, uscn  iom uteercsed mualtc ale1iameera o tciaal teraikcn  
sbystem TRACAB® (CherbyeronHe o VI , New Yoerk, NY) wcth sam alcn  ferequeniby of 25 Hz, 
whcih was  ereocousalby oaalcdated  [63]. The data was  eroocded undeer sicentcfii ioo eeratcon 
wcth a foot aalal ialu s iuererentalby a  eaercn  cn Poalcsh Eksterakalasa]. The metadata wouald aalalow 
someone ealse to ere1cdentcfby teams and  ossc alby  alabyeers]. Howeoeer, aiiess to the data shouald 
 e  ossc ale ferom the thcerd1 aertby]. The data aiqucered weere so iaalaled ‘exieal dum s’ of  alabyeer 
statcstcis  eer matih]. Aiiess to the data ian  e oer anczed  by iontaitcn  Matih Anaalbyscs 
Hu : cnfo@ihbyeronhe o].iom].

The matih erunncn   eerfoermanie was dcocded cnto the foalalowcn  iate oerces: totaal dcstanie 
iooeered (T ), hc h1s eed erunncn  (HSR, [9].8125].[ km⋅h1[), s ercntcn  (>25].2 km⋅h1[)]. 
Peresented dcocscon of the s eed zones was cn alcne wcth   c Saaloo et aal].  43]. The totaal num eer 
of hc h1s eed eruns and totaal num eer of s ercnt was defined as a num eer of hc h1cntensctby 
aitcons (NHIR)]. Moereooeer the data of effeitcoe  alabycn  tcme (Et), whcih cs defined as 
dueratcon of  alaby afteer su teraitcn  the tcme taken u   by aalal sto  a es – when  aalal cs out of 
 alaby  [73 weere  eresented cn the studby as wealal].

statistical analysis 
The eresualts aere  eresented as means ± standaerd deocatcons and 95% ionfident cnteeroaals]. 
The one1waby anaalbyscs of oaercanie (ANOVA) foer cnde endent oaerca ales was used to deteit 
 otentcaal dcffeerenies  etween the erounds]. Pacerwcse iom aercsons weere ionduited oca Honest 
Sc ncfiiant  cffeerenie Tukeby’s  ost1hoi test foer unequaal sam ale sczes]. The sc ncfiianie 
aleoeal was set at  <0].05]. Aalal the anaalbyscs weere  eerfoermed uscn  the STATISTICA softwaere 
oeerscon [-].0 (TIBCO Softwaere Ini, 20[7)]. 
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results 
The dueratcon of the matih oaerced  etween 96].0 and 97].2 mcnutes, whcale Et was in the range 
 etween 54].- and 56].- mcnutes]. Thus, Et iom ercsed  etween 56].2 and 58].6% of totaal matih 
tcme]. Chan es cn  hbysciaal  eerfoermanie oaerca ales aere  eresented cn Ta ale [ and Fc uere 2]. 

Ta ale []. Means and standaerd deocatcons of matih dueratcon, effeitcoe  alabycn  tcme and  hbysciaal  eerfoermanie 
oaerca ales cn Poalcsh Eksterakalasa aieross fouer ionseiutcoe seasons

Season 
2017/2018 Season 2018/2019 Season 2019/2020 Season 2020/2021

Spring 2018 
(n=124)

Autumn 2018 
(n=155)

Spring 2019 
(n=135)

Autumn 2019 
(n=160)

Spring I 2020 
(n=48)

Spring II 2020 
(n=88)

Autumn 2020 
(n=111)

Spring 2021 
(n=128)

Match 
duration [min] 96.2±2.8 96.4±2.1 97.2±2.9*# 96.9±2.4* 97.1±2.9 96.2±2.3† 96.4±3.2† 96.0±2.3†‡

Et  [min] 54.3±5.2 55.2±4.5 54.6±4.9 56.0±4.7*† 55.7±5.0 56.3±4.6*† 56.1±5.3*† 56.0±4.7*†

TD [km] 111.6±4.3 112.7±4.5 113.1±4.4* 112.3±4.4 114.5±3.6*‡ 111.7±4.6$# 112.8±4.4 114.0±4.4*#‡&

Sprinting [m] 1689.1±362.8 1759.0±369.9 1768.6±352.9 1738.5±362.3 1800.7±339.2 1720.6±332.6 1784.9±360.8 1819.7±362.5*

Relative TD 
[m/min] 1160.6±49.8 1169.3±52.0 1164.2±52.3 1160.2±51.7 1180.3±47.6 1164.1±45.3 1171.3±56.0*† 1187.5±50.0*#†‡&¥

TD/Et  
[m/min] 2074.7±192.9 2051.5±15.2 2084.8±163.6*† 2018.1±154.2 2071.6±170.6 1998.1±158.7*#†$ 2026.6±171.4 2049.5±160.6&

* significantly different from  Spring 2017/2018; # significantly different from Autumn 2018/2019; † significantly 
different from Spring 2018/2019; ‡ significantly different from Autumn 2019/2020; $ significantly different from Spring I 
2019/2020; & significantly different from Spring II 2019/2020; ¥ significantly different from Autumn 2020/2021; Et - 
effective playing time, TD - total distance.

Fig. 2. Changes in HSR and NHIR (means and 95% confident intervals) across four seasons in Polish Ekstraklasa. 
Significantly different from: I - Spring 2017/2018; II - Autumn 2018/2019; III - Spring 2018/2019; IV - Autumn 
2019/2020; V - Spring I 2019/2020; VI - Spring II 2019/2020; VII - Autumn 2020/2021

The aoeera e totaal dcstanie iooeered  by the Eksterakalasa teams cn S ercn  2020/202[ was 2].[% 
([[4].0 km os [[[].6 km,  <0].00[) alon eer than duercn  S ercn  20[7/20[8]. Moereooeer, fuertheer 
anaalbyscs  etween S ercn  20[7/20[8 and S ercn  2020/202[ demonsterated sc ncfiiant 
cniereases cn HSR ([[].9%,  <0]. 00[), s ercntcn  dcstanie (7].7%,  <0].0[) and NIHR (9].7%, 
 <0].00[)]. A iom aeratcoe anaalbyscs of two erounds wcthcn one season exhc cted that duercn  
the s ercn  erounds (seasons ferom 20[8/20[9 to 2020/202[) Eksterakalasa teams iooeered 
sc ncfiiantalby alon eer ( <0].0[) dcstanies cn HSR than duercn  autumn erounds of the same 
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seasons]. Scmcalaer effeit was o seeroed foer s ercntcn  dcstanie and NHIR, howeoeer the 
sc ncfiianie aleoeal of dcffeerenies was not ereaihed foer aalal anaalbyzed seasons]. Fuertheermoere, 
the sc ncfiiant ereduitcon cn  hbysciaal matih  eerfoermanie was ere oerted afteer the [21week 
 andemci aloikdown].  uercn  seiond  aert of s ercn  eround 20[9/2020 iooeered sc ncfiiantalby 
shoerteer T  (2].-%,  <0].00[), HSR dcstanie (8].0%,  <0].00[), NHIR (6].5%,  <0].00[) and 
T /Et (-].6%,  <0].05) cn iom aercson wcth S ercn  I 20[9/2020].

discussion 
Thcs cs the fierst alon ctudcnaal ereseaerih anaalbyzcn  the eooalutcon of  hbysciaal  eerfoermanie cn 
Poalcsh Eksterakalasa]. Peresent studby acmed to cdentcfby  otentcaal ihan es and terends cn matih 
kcnematcis cn  erofessconaal soiieer aieross fouer ionseiutcoe seasons]. The eresualts hc halc hted 
the nonalcneaer cniereases aieross fouer seasons cn suih oaerca ales as HSR dcstanie, s ercntcn  
dcstanie and NHIR]. Moereooeer, sc ncfiiant dcffeerenies  etween s ercn  and autumn eround 
of the same season weere ere oerted]. Fcnaalalby, the  otentcaal ne atcoe effeit of  andemci 
aloikdown on the  hbysciaal matih  eerfoermanie was deteited as wealal].

Im erooements cn hc h1cntensctby matih aitcoctces exhc cted cn iuererent studby aieross the 
anaalbyzed  eercod cn Poalcsh Eksterakalasa aere cn alcne wcth  ereocous studces of Baernes et aal].  [03 
and Bush et aal].  [83 who ere oerted eoen alaer eer cniereases cn En alcsh Peremceer Lea ue  etween 
seasons 2006/2007 and 20[2/20[-]. Resualts  eresented cn these studces demonsterated that 
dcstanie iooeered cn s ercntcn  and HSR cniereased  by -0155% and 291--% eres eitcoealby, whcale 
cn Poalcsh Eksterakalasa these cm erooements weere  etween 8% and [2%].  cffeerent ma nctude 
of ihan es weere  ero a alby iaused  by alon eer anaalbyzed  eercod of tcme cn Peremceer Lea ue the cn 
Eksterakalasa (7 seasons os 4 seasons)]. Scmcalaer iom aercson was  eresented  by Zhou et aal].  [[3 
who displayed the data of physical and technical indicators of Chinese Soccer Super League 
aieross 6 seasons]. Thcs anaalbyscs exhc cted sc ncfiiant dcffeerenies  etween season 20[2 and 
20[7 cn totaal s ercntcn  dcstanie (9].8%), num eer of s ercnts (4].7%) and hc h1s eed erunncn  
(9].9%)]. Aalthou h, dcffeerent s eed zones (hc h1s eed erunncn : [9].[12- km⋅h1[; s ercntcn : >2-].[ 
km⋅h1[) weere a  alced cn thcs ereseaerih, the dcereitcon of ihan e cs cn alcne wcth ouer eresualts].

The ihan es of  hbysciaal matih demands cn  erofessconaal soiieer shouald  e su  oerted  by 
modcfiiatcons cn the teracncn   eroiess]. Adjustcn  the weekalby teracncn  aload aiioerdcn  to the 
demands of modeern soiieer seems to  e a ieruicaal task foer ioaihes and s oert sicentcsts]. 
Sbystematciaalalby cniereascn  num eer of hc h1cntensctby aitcons duercn  the matih maby ionterc ute 
to alaer eer hamstercn  cnjuerby oiiuererenie]. Neoeerthealess, some authoers exhc cted that teracncn  
maby not foalalow the  ame erequcerements ioerereitalby]. Aalthou h the ankale s eracn oiiuererenie 
deiereased sc ncfiiantalby,  [93 the hamstercn  cnjuerby erates haoe cniereased  203]. Moereooeer, the 
annuaal cnierease cn the ACL cnjuerby erate cn  erofessconaal soiieer  alabyeers was ere oerted  2[3]. These 
terends maby su  est that cnsufficent num eer of suih  ereoentcon exeericses as hamstercn  
eiienterci woerk and  aalanie/ ero ercoie tcon exeericses cs a  alced to  erofessconaal soiieer  alabyeers]. 

A comparison of the physical performance between the rounds showed that match 
aitcoctby cn Poalcsh Eksterakalasa teams cs hc heer the s ercn  eround the duercn  the autumn 
season]. Nowakowska et aal].  [53 anaalbysed the ihan es of sealeited  alood  aerameteers cn 
Poalcsh Eksterakalasa  alabyeers aalon  the iom etctcoe season]. Inteerestcn alby, hc heer oaalues of 
iereatcne kcnase (CK) weere o tacned afteer the matihes  alabyed duercn  the s ercn  eround]. It 
cs wcdealby known that CK aleaks cn the  alasma ferom skealetaal musiale fi eres duercn  exeericses 
ihaeraiteerczed  by ere eated cntenscoe musiale ionteraitcons  223]. Soiieer matih that cnooaloes 
numeerous sto 1and1 o mooements, s ercnts and ihan es of dcereitcon cs undou tedalby suih 
an exeericse  2-3]. Thus, alaer eer num eer of hc h1cntensctby aitcons  eerfoermed cn the s ercn  
erounds iouald  ossc alby ex alacn hc heer aitcoctby of CK cn Eksterakalasa  alabyeers duercn  thcs  aert 
of the season]. Chmuera et aal].  243 iom aered the erunncn   eerfoermanie of Geerman Bundesalc a 
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 alabyeers cn s ercn  and autumn eround]. Theby showed that dcstanie iooeered wcth oealoictby 
a ooe 4 m⋅s1[ ([4].4 km⋅h1[) was hc heer duercn  the s ercn  eround then whcale autumn eround]. 
Thcs effeit cs cn a ereement wcth the eresualts  eresented cn the iuererent ereseaerih]. Howeoeer, 
dcffeerenies cn the iom etctcon siheduale (e]. ]. dcffeerent dueratcon of the  etween1erounds 
 eercod)  etween the alea ues shouald  e taken cnto ionscdeeratcon].

 ue to unex eited [21week off1season  eercod that oiiuerered  eiause of the COVI 1[9 
aloikdown, the s ercn  eround 20[9/2020 was s alctted cnto two su 1erounds]. Suih dcocscon 
ialeaeralby exhc cted the ne atcoe cnfluenie of the un alanned season sus enscon on the  hbysciaal 
matih  eerfoermanie]. The oaalues of the tcme1motcon oaerca ales (T , HSR, s ercntcn  dcstanie, 
NHIR, erealatcoe T  and T /Et) ereioerded duercn  S ercn  II weere aloweer cn iom aercson wcth 
 ereiedcn  (S ercn  I 20[9/2020) and foalalowcn  eround (Autumn 2020/202[)]. Moereooeer, the 
cniereascn  terend of hc h1cntensctby aitcoctces (HSR, s ercntcn , NHIR) was dcseru ted duercn  
 ost1aloikdown  eercod]. Fuertheermoere, the alowest NHIR and T /Et amon  the entcere anaalbysed 
 eercod weere dcs alabyed exaitalby cn the S ercn  II 20[9/2020]. The deteercoeratcon of  hbysciaal 
matih  eerfoermanie afteer the COVI 1[9 aloikdown was ionfiermed  by Gaerica1Aalca a et aal]. 
 253 who demonsterated sc ncfiiant deierease cn T , HSR  eer mcnute, s ercntcn  dcstanie and 
num eer of hc h1cntensctby aitcons cn S ancsh LaLc a teams afteer the season eresum tcon]. Thcs 
effeit was ex eited  by the cnteernatconaal ex eerts foerm s oert sicenie aerea who ex eressed 
thecer ionieerns a out the aloikdown cm ait on the hc h1cntensctby aitcons  eerfoermed duercn  
the soiieer matih  263]. Suih ereduitcons cn Poalcsh Eksterakalasa teams weere  ossc alby iaused 
 by alon 1teerm (8 weeks) home1 ased teracncn   eercod and oeerby shoert  ere1season ([ week 
of soiieer teracncn  cn smaalal  erou s foalalowed  by [8 dabys of tby ciaal team soiieer teracncn )]. 

Thcs studby demonsterated the eooalutcon of  hbysciaal  eerfoermanie cn Poalcsh Eksterakalasa foer 
the fierst tcme]. Neoeerthealess, some alcmctatcons aere woerth to mentcon]. Last theree erounds 
wheere  alabyed wcthout oer wcth alcmcted num eer s eitatoers on the stadcums]. Aalthou h Talc  
& Thaalaleer  273 found that ct ian affeit the matih outiome, the effeit alaikcn  audcenie on 
 hbysciaal  eerfoermanie cs stcalal unknown]. Moereooeer, afteer the  andemci aloikdown (S ercn  
II 2020) the num eer of aalalowed su stctutcons cniereased u  to fioe]. To the authoers  est 
knowaled e theere aere no aoacala ale studces anaalbyzcn  the cnfluenie of thcs ihan e on team 
 hbysciaal  eerfoermanie]. Howeoeer, ct iannot  e exialuded that suih eruale modcfiiatcon iouald 
cm ait the teams’ aitcoctby duercn  the  ame]. Futuere ereseaerih shouald iontacn the anaalbyscs 
of aiiealeeratcons and deiealeeratcons duercn  the officaal matihes, as these oaerca ales aere  
ionscdeered to  e oeerby cm oertant cn enhanicn  the fatc ue duercn  the exeericse].

conclusions 
Peresented cn iuererent studby eresualts ionfiermed the  erowcn  cm oertanie of suih matih aitcoctces 
as HSR, s ercntcn  and NHIR whcih cniereased cn Poalcsh Eksterakalasa  by 81[2 % wcthcn alast 
4 byeaers]. Aalthou h thcs tendeniby was cnhc cted  by unex eited off1season  eercod iaused  by 
the COVI 1[9 aloikdown, the foalalowcn  season exhc cted fuertheer cniereases cn hc h1cntensctby 
aitcoctces]. These data  eroocde numeerous  eraitciaal a  alciatcon foer s oert sicentcsts and ioaihes]. 
Lon eer dcstanie iooeered  by the  alabyeers cn HSR and s ercntcn  duercn  the matihes shouald  e 
aiiom anced  by a  ero ercate teracncn  modcfiiatcons]. Thus, eaih weekalby mcieroibyiale shouald 
iontacn effoerts deoealo cn  ere eated s ercnt a calctby and  ereoentcon dercalals cnialudcn  eiienterci 
exeericses foer hamstercn s whcih ian effeitcoealby  eroteit musiales ferom  otentcaal cnjuerces].
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