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Abstract

Background: Due to the COVID-19 pandemic, matches and soccer-specific training were suspended for several
weeks, matches after resumption were congested, and substitutions per team and game increased from three to five.

Objective: The aim of this review was to examine possible differences in physical match performance and injuries
between before and after the COVID-19 induced break of matches and training in professional male European soccer
leagues during the 2019/2020 season.

Methods: A systematic search identified all scientifically peer-reviewed publications involving elite male soccer play-
ers competing in the European leagues which reported physical match performance variables such as total running
distance and running distance at different speed zones and/or injury parameters pre- and post-COVID-19 induced
break.

Results: Intotal, 11 articles were included, which were coming from German Bundesliga, Polish Ekstraklasa, Croa-
tian HNL, Spanish La Liga, and Italian Serie A. In all studies investigating the German Bundesliga, most parameters of
physical match performance remained unaffected (0.08 <p <0.82; —0.15 <ES 0.15), while studies investigating the
Polish Ekstraklasa (p < 0.03; —0.27 <ES —0.18), Croatian HNL (p < 0.04; — 1.42 <ES < 1.44), Spanish La Liga (p <0.017,
—0.32<ES<5.5),and Italian Serie A (p <0.014; — 1.01 <ES 0.24) showed a decrease in most parameters of physical
match performance after the COVID-19 break. Injury rates were only investigated by studies targeting the German
Bundesliga and Italian Serie A. In the majority of studies (3 out of 4 studies), there occurred no difference in injuries
between pre- and post-COVID-19 break (p>0.05; ES=N/A).

Conclusion: Results indicate that Bundesliga teams maintained physical match performance during the 9-weeks
break in matches and 3-weeks break in group training, whereas a longer match and group training interruption up

to 15 weeks and 8 weeks, respectively, in the other leagues appeared to lead to a decreased physical match perfor-
mance. Regarding injuries, we speculate that the increase in substitutions from 3 to 5 substitutions per game might
prevent an increase in injury occurrence during matches. The underlying studies' results provide hints for possible
upcoming unexpected interruptions with respect to optimal physical preparations for the resumption of matches and
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a congested schedule to maintain physical match performance, or for possible rule changes such as 5 instead of 3
substitutions to avoid physical overload during congested match schedules.

Keywords: Football, Pandemic, Match analysis, High-intensity, Sprinting

Key Points

1. Due to the COVID-19 pandemic, matches and soc-
cer-specific training in professional European soccer
were suspended for several weeks with differences in
durations between countries, and congested matches
after resumption.

2. German Bundesliga teams seemed to maintain physi-
cal match performance during the 9-weeks break
in matches and 3-weeks break in group training,
whereas a longer match and group training interrup-
tion up to 15 weeks and 8 weeks, respectively, in Pol-
ish Ekstraklasa, Croatian HNL, Spanish La Liga, and
Italian Serie A appeared to lead to a decreased physi-
cal match performance.

3. In most studies, there occurred no differences in
injuries between pre to post COVID-19 break. The
temporary rule change from 3 to 5 substitutions per
game might prevent an increase in the occurrence of
injuries during matches.

Introduction

The COVID-19 pandemic heavily impacted professional
soccer worldwide during season 2019/2020. In Europe,
most leagues suspended matches and team training
between March and June 2020 to contain the spread of
the virus. Teams had to stop their regular training for
several weeks and were only allowed to conduct indi-
vidual "home-based training", i.e., individualized endur-
ance and strength training at home to reduce detraining
effects [1, 2]. The restart of group training took place
after several weeks in small groups whereby the dura-
tion of breaks differed between the leagues. For exam-
ple, German Bundesliga had the shortest interruption of
matches with 9 weeks and restarted group training after
3 weeks [3], while Italian Serie A suspended matches for
15 weeks and group training for 8 weeks [4]. Additionally,
after resumption of matches, no spectators were allowed
into the stadiums and match schedules were congested.
Matches per week increased from 0.9-1.0 to 1.5-2.0
from pre to post COVID-19 induced break to end sea-
son 2019/2020 “in time” following the COVID-19 break
[3, 4]. In order to account for the limited soccer-specific
preparation time and to avoid physical overload of the
individual players during the congested match schedule,

the number of possible substitutions per match was ele-
vated from three to five [5].

Thus, the COVID-19 pandemic affected soccer match
operations in season 2019/2020 in a unique and incom-
parable way to previous seasons and with differences
between European leagues regarding the duration of
the break in matches and soccer-specific training and
match frequency after the resumption. Research on pos-
sible detraining effects during the COVID-19 break in
matches and soccer-specific training indicate reduced
performance in sprint and jump tests which can be asso-
ciated with the decrease in soccer-specific (group) train-
ing during lockdown [6, 7]. Regarding congested match
schedules, research unrelated to the COVID-19 situa-
tion points out a potential increasing impact on injury
occurrence and decreasing effect on physical match
performance due to congested match schedules [8—11].
Numerous studies examined physical match perfor-
mance and injury numbers before and after the Covid-19
induced break in matches and training in different Euro-
pean professional male soccer leagues [3, 4]. However,
the topic is currently not systematically reviewed.

Therefore, the aim here was to systematically review
the scientific literature regarding differences in physical
match performance and injuries between pre- and post-
COVID-19 induced break of matches and training in pro-
fessional male European soccer leagues. The results of the
review can help to understand how the European leagues
responded to the COVID-19 induced break in matches
and training alongside different match operations after
the break, and how best to act in case a similar situation
occurs again.

Methods

This systematic review was written according to the
PRISMA (Preferred Reporting Items for Systematic
Reviews and Meta-Analyses; see PRISMA 2020 checklist
in Additional file 1: Supplementary Material A) guide-
lines [12]. The protocol was not registered before the
start of the project.

Inclusion Criteria

This review sought to identify all scientifically peer-
reviewed publications involving elite male soccer play-
ers competing in the European leagues which reported
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physical match performance and/or injury parameters
pre- and post-COVID-19 induced break.

Study Populations

All articles reporting on healthy elite adult male soccer
players active in the first national European leagues were
included.

Interventions

Studies were included if they specifically evaluated a pre
vs. post COVID-19 break comparison on parameters
of physical match performance and/or injury param-
eters in elite soccer players competing in the European
leagues.

Outcomes Examined

Assessment of physical match performance param-
eters (e.g., total distance, running distance at different
speeds, sprinting distances, counts of accelerations, and
decelerations) and injury related parameters (e.g., injury
incidence/rate and injury occurrence for injury types
such as injuries of muscles, brain, tendons, ligaments, or
bones) for pre- and post-COVID-19 induced break was
conducted.

Publication Status and Language

Our search was limited to original articles published in
peer-reviewed journals and written in English. Refer-
ences cited by the articles retrieved were also examined
for potential relevance. Conference abstracts, disserta-
tions, theses, and other non-peer-reviewed articles were
excluded. Figure 1 illustrates the screening and selection
process employed.

Search Strategy

A comprehensive search strategy was designed by
the authors of this article and checked by a librarian
to identify relevant studies. The electronic databases
searched in December 2021 included PubMed and Web
of Science (with no restriction concerning publication
date) with an updated search being conducted in Feb-
ruary 2022. The search strategy is illustrated using the
search terms entered into the PubMed database as an
example (Additional file 1: Supplementary Material C)
and was modified according to the indexing systems of
Web of Science. In the PubMed database, the build-in
“COVID-19” filter was applied.
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Selection of Studies

The identified articles were incorporated into EndNote
X9 (Clarivate Analytics, Philadelphia, USA), where
duplicates were eliminated. The titles and abstracts of
all potentially relevant articles were screened for eli-
gibility by one of the authors (MT), with independent
verification by a second author (PD). The full texts of
articles that met the criteria for inclusion were then
retrieved and screened. When disagreements between
reviewers arose, consensus was achieved through dis-
cussion or input from a third author (SA).

Data Extraction and Analysis

From the selected articles, one author (MT) extracted
data which were independently confirmed by another
(SA). Extracted information concerned: details of pub-
lication (authors, year, journal, publication date), char-
acteristics of the study sample (league, match days,
included seasonal periods), general conditions dur-
ing different seasonal periods (duration of COVID-
19 induced break, substitutions allowed, spectators
allowed, and congestion of matches), and outcomes
(absolute values and/or mean differences in physical
match performance and/or injury parameters pre- and
post-COVID-19 related lockdown).

To detect possible pre vs. post lockdown differ-
ences, p-values and effect sizes (ES) were recorded. ES
were rated according to Cohen [13]: less than 0.2 was
considered a trivial effect, 0.2 <ES<0.5 small effect,
0.5 <ES <0.8 moderate effect, and ES > 0.8 large effect.

Assessment of Methodological Quality

As recommended [14], we assessed methodological qual-
ity of the included articles using the National Institute of
Health quality assessment tool for before-after (Pre-Post)
study without control group (described in detail else-
where: [15]. In brief, internal validity of a study is judged
by 12 questions (e.g., sufficient sample size, clear study
objective, validity, and reliability of assessment tools).
The risk of bias was assessed independently by two of the
authors (PD & MT), with any disagreements again being
resolved by consensus or through discussion with a third
author (SA). Mean kappa agreement between the authors
was 0.90 (almost perfect agreement [16]).

Results

Study Characteristics

Of the 74 articles initially identified, only 11 fulfilled all
the criteria for inclusion in the analysis and were pub-
lished in 2021 or 2022. One article [17] investigated two
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Articles identified through
database searches
(n=61)

Additional articles identified
through other sources

(n=13)

A 4

A 4

duplicates
(n=45)

Articles remaining after removal of

l

(n = 38)

Articles remaining for scrutiny of
abstracts after screening of titles

A4

Full-text articles

(n=17)

assessed for eligibility

A 4

Articles excluded (n = 6)

e No pre vs. post Covid-19
break comparison (n = 6)

|

review
(n=11)

Articles included in

Fig. 1 Selection of the articles to be analyzed, from initial identification to inclusion (Page et al. [12])

different leagues. Thus, we included 11 articles, but 12
studies with investigations about different leagues.

The study characteristics, including number of match
days, league, general match conditions, and variables are
summarized in Table 1.

The studies included 364 match days in total (pre =240
match days; post =124 match days) involving the German
Bundesliga (n=162), Polish Ekstraklasa (n=37), Croa-
tian HNL (n=17), Spanish La Liga (»=72), and Italian
Serie A (n=76). Two studies which investigated German
Bundesliga assessed only injuries, 2 studies only physical
match performance, and one study assessed both. One
study which investigated Polish Ekstraklasa examined
only physical match performance, as well as one study
for Croatian HNL and the 3 studies regarding Spanish La

Liga. Of the 2 studies which investigated Italian Serie A,
one examined physical match performance and the other
injuries. Regarding physical match performance vari-
ables, total distance was included by 7 out of 12 studies,
low-intensity running by 2 out of 12 studies, medium-
intensity running by 3 out of 12 studies, high-intensity
running by 7 out of 12 studies, sprinting distance by 8
out of 12 studies, acceleration parameters by 4 out of 12
studies, deceleration parameters by 4 out of 12 studies,
and other parameters by 3 out of 12 studies. However, the
definitions of the speed zones (i.e., low-intensity running,
medium-intensity running, high-intensity running, and
sprinting) differ between and partly within leagues, mak-
ing direct comparisons difficult.
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Assessment of Methodological Quality

In all articles subject characteristics and outcomes
were clearly presented and appropriate statistical
methods were used (Additional file 1: Supplementary
Material B). For data collection, 7 out of 8 articles used
valid and reliable methods regarding physical match
performance. Conversely, validity for data collection
of injuries was not stated in all studies investigating
injuries.

General Conditions Pre vs. Post COVID-19 Break

The COVID-19 induced break in matches in German
Bundesliga lasted 9 weeks, in Polish Ekstraklasa and
Croatian HNL 12 weeks, in Spanish La Liga 13 weeks,
and in Italian Serie A 15 weeks. Group training in Bun-
desliga was suspended for 3 weeks, in HNL for 6 weeks,
and in Ekstraklasa, La Liga, and Serie A for 8 weeks. In
all included European leagues, allowed substitutions
increased from 3 to 5 per team and match. Spectators
in soccer stadiums were allowed before, but not after
the COVID-19 break in any herein analyzed league.
The frequency of matches per week in all leagues before
the interruption was 0.9-1.0 matches per week; after
the break, the frequency in German Bundesliga and
Polish Ekstraklasa was 1.5 matches per week, in Croa-
tian HNL 1.4 matches per week, in Spanish La Liga 1.9
matches per week, and in Italian Serie A 2.0 matches
per week.

Physical Match Performance

Studies’ results regarding the pre vs. post COVID-19
break comparison of physical match performance and
injuries are presented in Table 2.

Physical match performance in German Bundesliga
mainly did not change significantly from pre to post
COVID-19 break in 3 out of 3 studies, i.e., high-inten-
sity running distance (0.61 <p<0.70; 0.03 <ES 0.05)
and sprinting distance (0.20 <p <0.82; 0.02 <ES <0.09)
[3, 17, 18]. In 1 out of 1 study for Polish Ekstraklasa
(p<0.03; —0.27<ES<-0.18), in 1 out of 1 study
for Croatian HNL (p<0.04; —1.42<ES<1.44), in
2 out of 3 studies for Spanish La Liga (p<0.017;
—0.32<ES<5.5), and in 1 out of 1 study for Italian
Serie A (p<0.014; —1.01 <ES<0.24), most physical
match parameters such as total distance and high-inten-
sity running distance decreased from pre to post [4, 17,
19-21]. 1 out of 3 studies for Spanish La Liga did not
find significant differences in physical match perfor-
mance, i.e., total distance, low-intensity running dis-
tance, high-intensity running distance, and sprinting
distance (p=n. s.; ES=N/A), between pre- and post-
COVID-19 break [22].
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Injuries

Krutsch et al. [23] as well as Thron et al. [3] did not find
any differences in the German Bundesliga between pre-
and post-COVID-19 break in injury incidence (p=0.29;
ES=N/A) and injury occurrence (p=N/A; ES=N/A),
respectively. By contrast, Seshadri et al. [24] revealed a
higher injury rate after the COVID-19 break compared to
before in the Bundesliga (p <0.001; ES=N/A). Injury rate
in Serie A did not show remarkable differences in pre vs.
post (p>0.05; ES=N/A) [25].

Discussion

The aim here was to systematically review the scientific
literature regarding differences in physical match perfor-
mance and injuries between pre- and post-COVID-19
induced break of matches and training of season
2019/2020 in professional European soccer leagues.

Most studies included in this review investigated the
German Bundesliga (n=5), followed by the Spanish La
Liga (n=3), Italian Serie A (n=2), the HNL (n=1) and
Polish Ekstraklasa (n=1).

The main findings of our review are:

(1) In all studies (3 out of 3) investigating the German
Bundesliga, parameters of physical match perfor-
mance remained unaffected by the COVID-19
break

(2) In the studies investigating the Polish Ekstrak-
lasa (1 out of 1), Croatian HNL (1 out of 1), Span-
ish La Liga (2 out of 3), and Italian Serie A (1 out
of 1), parameters of physical match performance
decreased after the COVID-19 break

(3) In the majority of studies (3 out of 4) investigating
injury rates, there seems to be no difference from
pre to post COVID-19 break in the German Bun-
desliga and Italian Serie A.

Physical Match Performance

Although most physical match performance parame-
ters in the German Bundesliga seemed to remain stable
after the COVID-19 induced interruption of matches
and training, some results differ between studies which
could be due to different data collection techniques.
Radziminski et al. [17] and Thron et al. [3] used official
match data provided by the “Deutsche Fussball Liga”
which has been shown to be a valid and reliable data
source [26, 27] and did not find differences in, e.g., total
distance covered during match play, between pre- and
post-COVID-19 break. Santana et al. [18] used data by



Page 9 of 17

(2022) 8:121

Thron et al. Sports Medicine - Open

V/N=¢S3
Lo00>d
yorew
/saunful /G0 :aw
yorewl/sau
-nfur $8°0 1504
Yorew [val
/saunful /70 :21d ‘|e 13 UpeYsaS
600=53
syo=d
s1unds 59 AN lC0—=¢54
suuds s00>d
S96CF oy wy z6'0--dw
150d WY €Sy FICGLL
swunds 2504 [81]
¥ 1€F G0CC eud U 6EYF8LOLL @1 e 1 euejues
900=¢54 SI'0—=¢4
oco=d 800=d
woLoe:dn €00=+54 W 18'8/9-:dW
W y9s+S0LLle 0L0=d 6'0ESYF '8
150d woosL-an ¥11:50d
0GSSF¥v/0e WOChyF £ '196¢€ 150d W Cvyy + 10105 [£1]7e19
-9ld W 1°08Y F £9v6¢€ =©id Gl1 o SuUlliZzpey
V/N=¢53
6c0=d
4y 000L/sau
-nful 6% 1504
4y 000L/sau
-nlurgo—aw
4y 000L/sau
-nful 'G :zaud
4y 000L/sau
-nlurgo—aw
4y 000L/sau [edd
-nful G :1a1d 1€ 19 Yosinuy|
(Aubwiian)
pbysapung
(Y/w» yz-0Z ~) (Y/wy 0z-vL~) (Yy/wqpL>~)
(y/w} g <~) Buiuuna  Buuuni Aysuayul Buruuni
pununds Aysuayul-ybiH -wnipa|y  ANsuajul-mon xuessip |ejo)
saunfu| dURWIONMD Ydep [edisAyd Apnis

salnful pue asuewloyad yojew [edisAyd Jo sisiauleled paidafas UO syNsal salpnis g ajqeL



Page 10 of 17

(2022) 8:121

Thron et al. Sports Medicine - Open

0C0—=¢54
c00=d 600—=53
suonoe 0g L L-:dW s00<d LC0—=54
suonoe W OECE--an 100>d
€09F 50665 350d swunds 8l'0—=¢54 w90gLL--dnN
suonoe 9CEEFI0CLL c00=d W lyIorFv vl
§C9F €09 =24 150d woLorl--dN L11350d
‘suonop W //SEF6CSLL WO98LF 1969 350d wogleyF+0568 [£1]71e19
Alsudrul-ybiH ®ld W SBERF €01/ ®id AR psulIZpeY
(pupjod)
DSDYDIISYT
V/N=53
v/N=d
Yojew 0£0=53
/wieay/saunful l0o>d
LO0— AW YW 8C°0 AN 00=53
yarew  y/w 0L F06'€€ cg0=d SlI'0=¢53
/wieay/salinfuy 1504 WX ¢0'0 A S00=+54 Lro=d
0S0F8C0s0d  Y/WA 680F C9€e U v/ 0F9¢y l9o=d w890 — AW
Yojew @Ud 1504 w900 -:dw U ESYFC8PLL
/wieay/saunful Auo0jon WY EL0FPEY WO LFLOLL3SOd 1504
SSOF6C0:21d yoad abpiany 2ld WY STLFS601 2ud W bY Yy FOSSLLRId  [€] 1R 18 uoiyL
(Wws yz-02~) (YW 0T-vL~) (4/ufplL>~)
(y/w pz<~) Buiuuni  Buuuni Aysuayul Buuuni
SI9Y10 suonesd|daqd suoIeIa[IY punuuds Ayisuaiul-ybiH -wnipaly  ANsuajul-mon due)sIp [elo]

saunfu)

dduRWIONSd Ydlel [edishyd

Apnis

(Panunuod) z 3jqeyL



Page 11 of 17

(2022) 8:121

Thron et al. Sports Medicine - Open

900—="¢3

60=d

suon
-eJ9223p € AW

¥1'0=53
080=d
suon

suoneis|dsp  -eisjedde 9- g 070=93
1Y F ¥ 3504 suolelajdoe 1L0=d
SUONRIRPISP /¥ F Gkt 1S0d w e6-:dw
CSF Ly =id suolieiog|edoe W oS +6/8/
SPIODMIOH SYF LSy =Ud 11S0d
090=53 spipmiod ZI0—=53 W H/TF896L
co=d 850=53 80=d 91d
suolnels 0 =d w ¢S :aw SpIDMIOH
-[929p ¥~ ‘AW suoiesd W 9% F€0/L LI0—=53
NUCIMIEIERETe) -|922e S7- AW wl=s3 150d 1g0=d €€0=53
7 F LG 3s0d suofjesa|ade 200=d WO/LCF LS9l 2 W/t W sg0=d
suoness|dep 9% F 99t 150d W /ez- AW SpIDMIO] W EEFFILES W 8/z- AW
Lt F L8y :24d suoljesa|ad0e W S81 F18:150d S91=53 350d W ZI6FT6E 0l 3s0d
$4o0qjIn4 v¥F L6Y 21d W 86 F LS01 2id l00=d WH0rF6C98 W S09F 0901 2id
€/0=53 SYo0qjIn4 SPIDMIOH w //¢-:aw 21d SpIDMIOH
00=d 1£0=53 'l —=53 W Oz F bl $¥0q(n4 86'0=53
suopes? 00=d L00=d 150 [0l —=53 900=d
-[923p 97- ‘Al suonesd W gzz-:aWN W 6STF6L8L @id loo=d W /S55- AW
suoness@lep  -@xde /z-:dN W 091 F 06/ 350d syo0q)ind W EZy AW W 899 F6vS 01l 350d
8¢ F 984 150d suonesa|ade W Z9L F8L0L 24d [S0=63 WOLYFE06 WOLHFOO0L L1 :2id
suonesRPIRp  6€ F 061 150d $¥20q)In4 L00=d 150 $¥20q)In4
ZEFTIS R suonesa|ade S€0=53 We6/L-"AW  W8LEF 098 0£0—=53
siaplaypIn YEFL1G21d sco=d W zSEF /€61 2id ceo=d
Y00—=53 siaplRYpPIN w 99-:dw 1504 siaplaypIv wo/L:dN
060=d 200="53 W 181 F 69913504 W /07 F9LLT:2id ?90—=53 WSZ9F 899 L1 1s0d
suon se0=d W /61 F €L 2id sioplRYpIN L00=d Wg/yF6y Ll ad
-RI39[929p € ‘AW suon sIapjaYpIN ¥60=53 W 6/2 AW siaplaypIv
suopesa[@Iep  -esRdde Z-:dN 89°0=53 L00=d W9y F098 900="53
YSF b/t 150d suoljesa|ade Yo0=d W 961- :dW 150 sg0=d
suonesa|239p SSF €47 150 wglL-:aw W 9L F/SLL  WEEyFECes woe-:aw
YSF 1Ly Rud suoljesa|adde W 0g | F €5t 350d 150 @Id W LHSF LT 0L 350d
U] SSF S/ Rid W /IZF LLG®Id  WOSTFESEL Bid $12 WEY9F /T 0L R4d 67
-puajap |DIJUd)  SI8pUdJap [DIIUSD) SIapuajap [DIUd)  SIapUBJap [DIUSD)  -pudjap [DIIUD) DEINEIEY D) AERERIINEN
(pnpoiD)
0bITYAYd Woxe
~[a1 WSIOAIH
(y/w yz-02~)  (Yw0z-vL~)  (Yy/wyL>~)
(y/w pz<~) Buiuuna  Buuuni Aysuanul Buuuni
SIdYlQ suonesd|adaq suolesa|adny pununds Ayisuayul-ybiH -wnipaly  ANsuajul-mon ajuelsip |ejo|

saunfu)

dduRWIONSd Yolel [edishyd Apmis

(panunuod) g ajqey



Page 12 of 17

(2022) 8:121

Thron et al. Sports Medicine - Open

LC0=53
8o 0=d
uIw/w 010 W
C0=53 uw
L100=d /W LS0FIL9
ulw/suonel /50=53 3504
-[939p 10'0 AW Looo=d uiw
Ui ulwi/suonels /W LF0F 909
PE€0=G3 /suopnels|Pdap  -[922e 700 AW 2ud
r8lro=d SO0FSL0 SIS 6l'1=53
Y/uy S0 —dw 3s0d /suonels|@doe 1000>d ulw/W 29 L- \an 8l'e=¢53
Y/ 9C0F 9 Ul #0'0F 890 150d NUiglen} 1000>d
1504 /sUoieis|ed9p Ui €8l — AW /W ZLICCF L9981 Ulwl/Wi 8y 199- AN
YWY EL0FLZ9  v00F¥L0=d /suoljeis|@doe SIUNod uiw
@1 70’1 =53 €00F990°1d 65 1F90¢€C350d JWO6LILCF VL LE0L
paads abviany Looo>d £60=53 SUgles) /W 0861 F L6'C0C -150d
€e’0=S3  suoheisedp 1000>d  8F'L F68¥C 2ud ulw
sLro=d LE°€--AW suoReis|2oe I'1=53 /W E€9661 F 669/
Y/uoLro—adw suoneis|e29p SY'¢— AW L000>d 9ud
Y/W 9¢'0F 18'6¢C LY EF 66y suohels|adde w6/5e-an §6=53
1504 504 ESCF 9Py W EBTEFSIC8E ulw/wi 8/'¢ — A WOLCF6S5¢E0L L000>d
Y/WY €COF L66C  SUOnRISRI3P 1504 1504 wy z#'S-:aw
9ld 00€F9L7CS suoneisEdde W EeEBCF 8Ly /W 1GCF8SEE 150d WZLZF ol W £ F0C°0L 350d 6ll7e1R
paads Wnwixpyy ©ld  (SCFLOLY R RId  UIW/WOY'C F9¢'9¢ @1d WA 8S0F ¢9'SL =Ud ebeljy-eien
(urpds) vbry ]
(yuwqvyz-0z~)  (Wwoz-vL~) (WwpL>~)
(Yy/w pz<~) Burtuuni Lysusyul Buuuni
SI9Yl}Q Suoneld|VIQ  SuoneIdDY bunuuds Ansuaqul-ybIH Ansuajul-mon axueisip [e10)
saunful dURWIOND Yolep [edisAyd Apms

[(SEIAICINIen) Iy -] [« :4 §



Page 13 of 17

(2022) 8:121

Thron et al. Sports Medicine - Open

V/N=53 V/N=53 V/N=53 V/N=53 V/N=53
su=d su=d so0>d su=d su=d
V/N AW V/N AW V/N AW V/N AW V/N AW
V/N 1504 V/N 1504 V/N 1350d V/N 1504 V/N 1504 [cd
V/N ®4d V/N ®4d V/N ®4d V/N ®4d V/N®id  |e19eznos od
l1—=53 00l —=¢3
1000>d s00<d
HUlSIM=IETERETo) €91 —=93 uiw
20— aw 1000>d /W O00— ‘A
HUlSIM=IETERETo) SuoljeIa|dde uiw
70'0F S8'SC €L0— AW /W e00F00€
1504 SuoljeIa|dde 1504 y8€-=93
suonels|ad9p ¥0'0F009¢ uiw Lo00>d
L00F L6'SC 1504 /WO00F90'¢ Ui/ 69'L — ‘N
2d suoela|dde 2d UIW/W SZ0F 9201
dWl 800F €19C=id dwi L9C—=53 150d
00¢=53 dwi 05€-=53 L000>d uiw
1000>d L1'C=S3 1000>d Ullw/W 800 — ‘a /W HY0F SP601 @1d
suonels|2d9p 1000>d uru ¥0'0F L0 350d dwil
ZUo+:aw suoReis|a2o. /W LC0— AN UlW/W e00F 601 =94d (€'6-=53
suonels|ed9p €ro+:aw Ui dwil L000>d
70'0F S6'SC suoReis|a2o. /W EO0FSLT 00t-=53 ulw/w gye-:dw
150d 700F LL'9C 150d L000>d Ulw/WgL'0F #9901
HUlSIM=IETERETo) 11504 uiw ulw/W 070 — :aw 11504
900F £€8'S¢C suoljeis|edoe /WO00FO6C UIW/W Ee00TF €£'¢ A50d uiw
©ld  90°0F86'SC ®id Rld  UIW/W SO0F €6'¢ @id /W /E0F 6001 L @1d [Lz] e
SYM SYM SYM SIM SYM  za|pzuo-ehey
(Y/w» yz-0Z ~) (Ywyoz-vL~) (y/uwqpyL>~)
(Yy/w pz<~) Butuuni  Buruuni Kysusyul Buuuni
SI9YlQ Ssuonesd|dddg  SuoneId|DY bunuuds Ayisuaiul-ybiH -wnipaly  ANsuajul-mon aduessip |elo]

saunfu]

ddouRWIONd Ydlel [edi1shyd

Apms

(penunuod) zajqeL



Page 14 of 17

(2022) 8:121

Thron et al. Sports Medicine - Open

seaiq J33e Bupjues parosdul Jeyl sweal—d| Seaiq Jo34e BuBjuel PAUSSIOM 1Ry} SWEe3}—SYA JUedYIUBIS JoU—'S U ‘3ZIS 1D91J9—GF DDUBISYIP ueSW—CqA ‘[9A3] duedyiubis—d 3|qejieae Jou—y/N

V/N=53
soo<d
YA AN
/N 150d [s2]
V/N 24d ‘|e 12 B0
€C0— =45 ¥C0=53
vloo=d oLo0=d €50— =93 10l — =53
uiw uiw Loo0>d Loo0>d
/WZL0—dW /W LLI0—=AaW | —ulw-wol—=anw Ui/ g — =:dn
V/N 150d /N 150d V/N 1504 V/N 1504
V/N ‘¢2id V/N ‘Z2id V/N=53 V/N ‘¢21d V/N ‘¢21d
V/N=¢S3 V/N=53 su=d l¥0— =53 850— =53
su=d su=d V/N AW 1000>d 1000>d
V/NdW V/N AW /N 3504 | —ulw-wgo—aw | —ulw-w e —aw
V/N 150d V/N 350d V/N ‘¢2id V/N 150d V/N 1s0d [/]
V/N:Lod V/N:Lold V/N:Lod V/N 194d V/N:laid [es uuiduiey
(Ajpy) v 31435
(y/w yz-0Z ~) (ywqoz-vL~) (YunpyL>~)
(Yy/w pz<~) Butuuni  Buruuni KAysusyul Buruuni
SI9YlQ Ssuonesd|dddg  SUOoneIDADY bfunuuds Ausuaul-ybIH -wnipaly  AMsuajul-mo acuelsip [e1o]
saunful dUBWIONR Ydlep [edishyd Apms

(panunUOd) Z 3jqey



Thron et al. Sports Medicine - Open (2022) 8:121

the online-source Bundesliga.de and revealed decreasing
total distance after the COVID-19 break. We could not
find information regarding reliability and/or validity of
Bundesliga.de.

We can only speculate on the reasons why there was
no alteration in physical match performance in the Ger-
man Bundesliga but in the other European leagues which
showed a decrease in these parameters. One reason might
be that the German Bundesliga teams stopped matches
for 9 weeks and had only 3 weeks without group training,
whereas Polish Ekstraklasa, Croatian HNL, Italian Serie
A, and Spanish La Liga interrupted season 2019/2020 for
12-15 weeks without matches and restarted group train-
ing during that break after 6—8 weeks. Studies investigat-
ing physical and physiological capabilities in Italian and
Colombian soccer players before and after the COVID-
19 induced 15-weeks long interruption in matches and
group training showed detraining trends in loss of lower
body strength and power (—15 to 17%), which can be
associated with a decrease in soccer-specific (group)
training during lockdown [7, 28]. The longer COVID-19
break in the Polish Ekstraklasa, Croatian HNL, Italian
Serie A, and Spanish La Liga compared to the German
Bundesliga potentially led to decreased physical and
physiological capabilities which in turn negatively influ-
enced physical match performance. Nevertheless, differ-
ences in home-based training between teams before the
restart of group training are not considered due to lack
of information. Moreover, results on physical match
performance over different phases during a usual sea-
son indicate that, after the summer break, players need
approximately 6-11 match days to stabilize their physi-
cal match performance [29]. However, the COVID-19
break differed from a conventional summer break as it
appeared within the season, differed in duration, espe-
cially between leagues, and the amount of match days
after the COVID-19 break was only as much as the match
days needed to stabilize physical match performance
after a summer break. With respect to the congested
match schedules after the COVID-19 break, Bundesliga
results in physical match performance support previous
research which did not find a decline during congested
match schedules [8, 9, 11, 30]. Conversely, in the Polish
Ekstraklasa, Croatian HNL, Italian Serie A, and Spanish
La Liga, congested match schedules could have resulted
in the decline of physical match performance. The con-
gestion of matches after the COVID-19 break was con-
siderably higher in Spanish La Liga and Italian Serie A,
with 1.9 and 2.0 games per week, respectively, compared
to German Bundesliga, with 1.5 games per week, which
could have led to the different results.

Several studies reported that the missing spectators
during the match days after the COVID-19 break led to
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a reduced home-advantage or even a home-disadvantage
[31, 32], which was potentially due to a reduced physical
match performance of the home team. However, due to
the complexity of different requirements and environ-
mental conditions after the COVID-19 break, no clear
conclusions about the interrelationships of the condi-
tions and outcomes can be drawn.

In sum, the results indicate that Bundesliga teams
maintained their physical match performance by using
the opportunity to recover and work on physical weak-
nesses during the 9-weeks lockdown period, whereas
a longer match and group training interruption up to
15 weeks and 8 weeks, respectively, in Ekstraklasa, HNL,
Serie A, and La Liga appears to decrease physical match
performance.

Injuries

In most studies investigating injury rates, there seems to
be no difference from pre to post COVID-19 break across
all analyzed European soccer leagues (3 out of 4) [3, 23,
25]. These results contradict previous findings indicating
an increase in injuries after an interruption of matches
(i.e., winter break) and thus a short soccer-specific prepa-
ration time before the restart of matches [33] and during
a congested match schedule [8, 10, 30].

Even though injury values in all studies of German
Bundesliga are collected via transfermarkt.de (in case of
Krutsch et al. [23] in combination with kicker magazine,
Facebook, and Twitter), results of Krutsch et al. [23] and
Thron et al. [3] disagree with those of Seshadri et al. [24].
It remains unclear why the results differ despite using
the same database. However, no study has yet compared
data from transfermarkt.de with those from established
medical registries and therefore no clear statements can
be made regarding validity. We can only speculate on the
reasons why the injury rate did not change in the majority
of studies, but it was previously argued that the increase
of player substitution from 3 to 5 substitutions per game
might reduce the risk of injury during matches by reduc-
ing the external load per player [34].

Limitations

Our review included only a small number of studies and
comparisons between soccer leagues are impaired due to
an unequal number of studies available from each league.
Furthermore, not every parameter was investigated in
each league and parameter definition differed between
studies which further impairs comparability. The data
on injury occurrence are limited since, despite the arti-
cles included in our review drawing information mostly
from official online-sources, it could be that not all teams
report injuries truthfully to remain a competitive advan-
tage and thereby injury results of the underlying studies
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should be treated with caution. Additionally, given the
nature of the included articles, no control group was
included in either study. Despite significant changes in
some parameters of our review, we cannot confidently
draw causal conclusions as to whether these changes
where actually induced by the COVID-19 break or by
possible confounding factors.

Conclusions

We aimed to systematically review the scientific literature
regarding differences in physical match performance and
injuries between pre- and post-COVID-19 induced break
of matches and training within season 2019/2020 in pro-
fessional European soccer leagues.

We conclude that (i) the development of physical
match performance from pre to post COVID-19 break
differs between professional European soccer leagues; in
all studies (3 out of 3) investigating the German Bundes-
liga, parameters of physical match performance remained
unaffected by the COVID-19 break, (ii) in the studies
investigating the Polish Ekstraklasa (1 out of 1), Croatian
HNL (1 out of 1), Spanish La Liga (2 out of 3), and Italian
Serie A (1 out of 1), parameters of physical match per-
formance decreased after the COVID-19 break and (iii)
in the majority of studies investigating injury rates, there
occurred no difference from pre to post COVID-19 break
in German Bundesliga and Italian Serie A (3 out of 4).

Although this is an unprecedented situation in soccer
history, it cannot be ruled out that such a disruption may
occur again. The underlying studies’ results indicate to
teams and coaches the importance of physically prepar-
ing teams optimally for the resumption of matches and
a congested schedule to maintain physical match perfor-
mance, especially during longer interruptions. Although
rule changes are rare in soccer, it seems reasonable to
consider using five substitutions instead of three, to mini-
mize physical overload effects from crowded schedules
or, as expected in the future, from additional tourna-
ments, and therefore reduce injury risk during matches.
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