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Author(s) and Year Females Males

‘Sway parameters RoB

SMD [95% CI}

Erksenetal 2023 F M SOT_ES  high 520% -0.39[-0.75,-0.03]
Henry etal, 2022 Foom SOT_ES  high 6.14% 005(022, 033
Laraetal, 2018 Foom SOTES  high 4.30% -055(1.01,-0.10)
Letzetal, 1996 Foom COP_vel  high 568% -049(-0.80,-0.17)
Lbardonietal 2018 F M SOT_ES  high 581% -002[:033, 0.28)
Mnejaetal, 2022 F M COPvel low 7.02% -047[:037, 0.02)
Nhinoetal, 2021 F M COP_velAP fow 866% -020[-044, 0.03]
Nshinoetal, 2021 F M COP_velML  low 867% 001024, 022
Nshinoetal, 2021 F M COP_areaCE  low 867% -005(-028, 0.18]
Pattetal, 2018 Foom COP_path  low 887% 0.11(0.02, 024)
Patietal, 2018 Foom COP_areaCE  low 887% 0.09(0.04, 022)
Shamsetal, 2020 F M COP_vel low 857% -099[-1.41,-058)
Shamsetal, 2020  F M COP_velAP  low 6.80% -048[-087,-008)
Shamsetal, 2020  F M COP_velML  low 6.86% -0.18[-057, 021
Sinnoetal. 2021 Foom SOT_ES  high 185% 036052, 124
Overal effect estimate (RVE model) 100% -0.47[-0.36, 0.01]

05 o os

SMD for Postural Sway
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Author(s) and Year Females Males  Sway parameters RoB

Edsenetal 2023 F M SoTES  high _— 480% 009045, 027]
Loraetal, 2018 Foowm SoTES  high - 320% -0.131058, 031)
Letzetal., 1996 F M COP_vel  high —_— 6.11% -0.19[-051, 0.12]
Ubsrdonictal, 2018 F M SoTES  hgn i 640% 006[037, 024]
Mnjactal, 2022 F M CoP_vel  low — 13.46% 0331053, 0.14)
Nehnoetal, 2021 F M COPveAP  ow — 15.20% -0.191.0.42, 0.04)
Nemosts 2021 F M COPML low —at 1521% 016£035, 007
Nshnoetal, 2021 F M COP_oreaCE low . 1521% 016030, 0.07)
Shmsetal, 200 F M copvel  low _— 672% -0231063, 0.16)
Shamsetal, 200 F M COPeAP  low —_— 636% -0.75[.16,-035]
Shamsctal, 220 F M CoP_veML  ow —_— 649% 061 [101,-021)
Smoetal, 2021 F M soTEs  hgh 088% 0.18[070, 108)

Overal effect estmate (RVE mode)) - 100% 0221:0.34,-0.10]

RE Model (

1567,

184)

r T T T T T 1
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SMD for Postural Sway
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Studies identified (n = 1244):
PUBMED (n = 500),

WEB OF SCIENCE (n =
180), SCOPUS (n = 564)

Studies excluded after
duplicate removal (n = 555)

Titles and abstracts screened
(n=689)

Records excluded after
screening (n = 582)

Studies assessed for eligibility
(n=107)

Records excluded:
No full-text available (n = 21),
Incomplete and/or no raw
data (n= 27),

Sample size < 30 (n = 4),

Wrong design and/or tool (n =

9).
Duplicates (n = 2)

Systematic Review (n = 44)
Meta-analysis (n = 17)
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Characteristic N=d4'

Population group.

Adults 14/ 44 (31.8%)
Both 21744 (47.7%)
Children 9144 (20.4%)

Individuals'category within each population

Athletic 5/44(11%)
Military 3/44(6.8%)
Mixed 2/44 (4.5%)
Regular 34/ 44 (77%)
Region
Africa 1/44(23%)
Asia 5/44(11%)
Central/South America 4144 (9.1%)
Europe 18/ 44 (41%)
North America 16/ 44 (36%)
Sample size 30-16,357; 42,408
Females 0-4,292%,12,043
Not reported 3
Males 0-6,6245 13,761
Not reported 3

Stratified by age
No 16/ 44 (36%)
Yes 28/ 44 (64%)

How was age stratified?

Academic 5744 (11%)
Biological 8744 (18%)
Decade 7144 (16%)
None 15/ 44 (34%)
Unconventional 9144 (20%)

Stratified by gender
No 24/ 44 (55%)
Yes 20/ 44 (45%)
Post-urographic assessment type
Dynamic 21/ 44 (48%)
Static 23/ 44 (52%)
Movement control type
Dynamic 4/449.1%)
Static 40/ 44 (91%)

Sensory perturbations used in tasks

Multiple 32/44 (727%)
Proprioceptive 3/44(6:8%)

Visual 8/44(18.1%)
Without 5/44(11.3%)

Were equations for calculating sway parameters provided?
No 32/44(73%)
Yes 12/ 44 (27%)
‘Were psychometric properties reported?
No 35/ 44 (80%)
Yes 9744 (20%)

n/ N (3); Range; Sun
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Records identified from:
Pubmed (n =7,893)
Web of Science (n = 1,404)
SportDiscus (n = 257)

Records removed before
screening:
Duplicate records removed
(n=376)

v
gegcgd‘s% gt):reened > Eei:%r%ss %(cluded
v
gegcflr; )sought for retrieval 5162?35 not retrieved
v
Reports assessed for eligibility Reports excluded:

(n=118)

v

Studies included in review
(n=10)

¢ virtual environment not
matched to reality (n = 29)
participants’ age (n = 19)
no comparison between
balance performance in
reality and matched VR
(n=41)

¢ balance not assessed
(n=5)

e noHMD (n=14)
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Inclusion criteria Exclusion criteri

Document English full-text Abstracts, Conference
Papers, non-English full-text

Studygroup  Healthy individuals Athletes, patients (e.g.
‘morbus parkinson, cerebral
palsy)

Age 6-30years >30years

Study design  Cross-sectional, Intervention | Case report, Observational,

Intervention without
reporting baseline data,

Systematic Review

Hardware used | Fully immersive, stereoscopic | Screen-based devices (e,

for virtual, head-mounted-display (e, | CAVE system), smartphone-

visual stimulus | HTC Vive) based devices (e, Google
cardboard)

Virtual visual  Resemblance of real visual  Fictional visual environment

environment  environment (e.g, laboratory) (e city, forest, transformer
station)

Outcome Atleast one parameter of Brain activity, psychometric

balance performance (g, | measures

sway velocity)
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Preferred

outcome

Alternative outcomes

Static balance

performance

Dynamic
balance

performance

« Postural sway
velocity

+ Gait velocity

Postural sway velocity in medio-
lateral direction

Postural sway velocity in anterio-
posterior direction

Postural sway path
Root-mean-square error of
postural sway

Failures

Number of steps
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Reference

Study group (age,
sex)

Balance test(s) (type of
balance)

VR-scenario

Balance outcomes

Results

Kelly etal. (2008)

Cleworth et al.
(012)

Idaetal. (2017)

Peterson et al.
(2018)

Kelly etal. (2019)

Asslander and

Streuber (2020)

Boroomand-

“Tehrani et al. (2020)

Pastel etal. (2020)

Liang etal. (2021)

Ketterer etal.
(2022)

8 youngadults (N/A; 2/,
6m)

18 young adults (19
28years old; 11/,7 m)

10 youngadults
(27.324.7years; 51,5 m)

19 young adults
(3xayears;9f 10 m)

32 young adults
(19.78:1.93years; 16/,
16 m)

10 youngadults
(25447 years; 51,5 m)

22 young adults
228+ 18years; 126, 12m)

20 young adults
(216 1.6years; 7 f, 13 m)

34 young adults
(265+6.3years; 23 £,
11m)

18 young adults
(24.1£2.0years; 10,8 m)

Side-by-

stance (static)

“Two-legged stance on a force platform at

0.8m and 3.2m (static)

Leg lifiing to avoid an approaching
obstacle while standing on a force
platform (dynamic)

Heel-to-toe beam walking on a balance
beam (305x3.8x25cm) (dynamic)

One-legged stance facing a door from
close (0.85m) and far (3m) distance

(static)

‘Two-legged stance on custom built
platform (static)

‘Two-legged stance on custom built
‘moving platform (dynamic)

Beam walking on a balance beam
(300x3.8x 10cm) (dynamic)

Beam walking on a balance beam
(400 10 4cm) (dynamic)

Two-legged (i, standard, narrow;
tandem) and one-legged stance wearing

a tracker (static)

Tworlegged stance (static)

e, heel-to-toe, and one-legged

Virtual Research V8

Sensics piSight

Vuzix iWear VR920

Oculus Rift
Development Kit 2

HITC Vive

HTC Vive Pro

Oculus Rift
Development Kit 1

HTC Vive Pro Eye

HTC Vive Pro

HTC Vive Pro Eye

Virtual Laboratory

Virtual Laboratory

Virtual Laboratory

Virtual Laboratory
(participants also walked over the physical
beam in the VR conditions)

Virtual laboratory

Virtual Laboratory

Virtual Laboratory

Virtual Laboratory with different grades of
body representation (i, whole body, whole
body except feet, whole body except feet
and legs, no body); (participants also
walked over the physical beam in the VR

conditions)

Virtual Laboratory

Virtual Laboratory

Body sway (analyzed via head

‘movements)

RMS of CoP in A/P and

MIL directions

MPF of CoP in A/P and

MIL directions

Mean position of CoP in A/P
direction

CoP sway path in M/L direction
SEMG

Accelerometry

Failures (i, stepping off

the beam)

Beam passes

Gait speed

RMS of body sway

Sway velocity

Romberg quotients

(all analyzed via head
movements)

Sway velocity

Step success
Steps before first ail
“Time to first fal

Time to completion
Failures (i, stepping off
the beam)

No.of steps

CoP sway path in A/P and
MIL directions
CoP velocity in A/P and M/L

directions

CoM sway assessed via 3D

movement analysis

Balance performance in VR
significantly worse compared
to REAL, but only in more
demanding tasks (i, heel-
to-toe, one-legged stance)
No significant differences
between balance
performances in VR and
REAL

Balance performance in VR
significantly worse compared
10 REAL

Balance performance in VR
significantly worse compared
to REAL

Balance performance in VR
significantly worse compared
to REAL

No significant differences
between balance
performances in VR and
REAL

Balance performance in VR
significantly worse compared
to REAL

Balance performance in VR
significantly worse compared
10 REAL

Balance performance in VR
significantly worse compared
to REAL, but only in more
demanding tasks (i.c.
narrow tandem, one-legged
stance)

Nosignificant differences
between balance
performancesin VR and
REAL

AJP, anterior-posterior, CoM, Centre of mass; CoP, Centre of pressure; EC, eyes closed:; EO, eyes opened; f, females HMD, Head-Mounted-Display; m, male; M/L, medial-lateral; MPF; mean power frequency; N/A, not applicable; No, Number; RMS, root mean square;
SEMG, surface electromyography; VR, virtual reality.
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General Subcategories Main representative test methods

Category

Type of balance ability Reciprocal balance ability (1) Postural stability balance
(2) Center of gravity test
(3) CoP displacements of the center of pressure oscillation test

Static balance ability (1) The stork stand test
(2) One-leg standing with open or closed eyes balance test
(3) Bipedal (double-leg) stance test

Dynamic balance ability (1) Star excursion balance test (SEBT)
(2) Y Balance Test
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Subjects

Type of
athlete

Intervention

Instability
environment

Balance ability
Measured index

Frequency
and duration

Main outcome
related to
balance ability

1| Norambuena etal
(@021)

2| Thielen etal. 2020)

3| Kangetal. (2013)

4 Prsayoctal
(2023)

5| Makblouf etal.
(o018

6 | Cabrejas Mataetal.
(2022)

7| Zhoetal Qo21)

8 | Negaetal CoI7)

9 | Romero-Franco
etal. o12)
0 Weeand Fat
(a019)

U (M Hammami
etal, 202)

12| (R Hommamietal,
2029)

13| Oliver and Brerzo.
(2009)

1 Gonenerand
Gonener (2020)

15 Zemkovi and

Hamar (2010)

16 Hommami etal
(2020)

17| Eisen et al. (2010)

15 Giduetal. 2022)

19 Granacher et al.
(o13)

20| Chaouachi et al.
(o)

i DD AT o S T i e M

2

57

w
EGi 2
G2

3

»

3

2

2

2

W

3

3

36

%

2

2%

Judo athetes

Basketball
player

Weightlifter

Archery athletes

Soccer player

Riyihmic
gymnast

Badminton
Player

Soccer player

Sprinter

Player

Handball player

Pre-pubertal
weightlifer

Volleyball and
Soccer player

Gymnast

Basketball
Player

Handball player
Psil
P10
cn

Voleyball and
Soccer players

Soccer player

Soccer players

Soccer players

Miscd: 154%
SFemle | 28 yans
2 Male
Male 2042
L yars
Male s 1y
HS: 17y
Uskoown 1417y
Mile | EGHL06:
075
EG.21129
ossy
G038 =
o8y
Femile 105
15 yars
Femde | 172lly
Mile | PTS 1215
05 yeas
PIC1222
06 years
Male amx
434 years
Male 20s
173 years
Mile | EGsiedx
0 years
CG:1622
0 yeas
Male 1091+
047 years
Female Volleyball:
199+
15 years
Soccer player
185
05 years
Femdle |7 years od
Female
Mile | PS 162506
P 164205
G165 204
Mixek 1822 years
Female and
Male
Mile | EGiu2:
04 years
CG: 140+
00 years
Mile  1521yar
Male 139+
03 yaans

EG.: Insa
suspension training.
CG: No control group

EG.: Suspended load
program

CG: Traditional barbell
load program

EG.1 (MS): Instabilty
balance training
EG.2 (HS): Instability
balance trining
CGI (MS): No training
CG2 (HS): No training

EG.: Insabilty
suspension training.
CG: No control group

EG.1 (BPT): Combined
balance and plyometric
training (instabilty
training is  part of the
program)
EG.2 (APT): Agily-
plyometric training (stable
training)
Regular soccer training
(stable training)

EG.: Integrated functional
core and plyometric
training (instablty
training is @ part of the
program)

jsual training (stable

)

EG.1 (HO): Inegrative
nearomuscular trining
insablity trining s 3
part ofthe program)
EG.1 (LG) Integative
neuromuscular rining
insablity trining s 3
par ofthe program)
G No control group

EG.: Unsiale performed
combined plyomeric
wining (PTC)

EG.: Proprioceptive
training program on BOSU
and Swiss ball

CG: A shorter duration
training,

EG.: Soccer program.
supplementary Swiss Ball
Training (SBT)

CG: Soccer program

EG. (STG): Supplemental
jump and sprint exercise
training on sand.

CG: Standard in-season
regimen

EG, (RTI): Instabilty
resistance training, 2 sets x
8,20% (1RM)

EG, (RT2): Instabilty
resistance training, 2 ses x
4,40% IRM

€G: No control group

EG.: Functional balance
training for volleyball
player

CG: No intervention for
soccer player

EG.: Unstable surface
training
CG: Stable surfce training

EG.: Combined agility-
balance training on wobble:
boards

CG: Combined agily-
balance training on stable
surfice

EG, (PS): plyometrics
training on sand surface
CG (P): Standard
plyometrics raining on
sable surface

CG (C): A standard in
season regimen

EG, (DD): Balance
training with uniaxial on 3
rocker board

EG. (RB): Balance training
with multisxial on a
dymadisc

CG (CON): No training

EG.: Proprioceptive
training on Bosu ball
CG: Normal program

EG.: Unstable plyometric
training (IPT)

CG: Stable plyometric
training (SPT)

EG, (ABPT): Alternated.
balance and plyometric
exercises vith unstable
surfice

EG. (BBPT): Balance and
plyometric exercise with
unstable surface

1) Suspension teainer (TRX',
United States)

1) The plates suspended from
the barbll using non-clastic
straps

1) Swiss ball

1) BOSU ball

1w ball
2) An inflated disk

3) A foum surface progresing
103 BOSU ball o inflated disk.
) Hastic band strap

1) BOSU ball
2) Balance disks
3) Softbals

1) BOSU ball
2) Balance board
3) Swis ball

1) Airex balance pad
2) Thera-Band stability
trainer

1) BOSU and Swiss ball

1) Swiss Ball

1) On sand.

1) Airex Balance Beam
2) Airex Balance Pad, 3)
‘Thera-Band Stablity Trainer
) Togu Acro Step

1) The Indo Board
2) Flow cushion

1) BOSU ball
2) Balance board
3 Sponge

) Trampaline

1) Wobble boards

1) On sand surface

) Uniaxial n a rocker bosrd
(R

2) Ml
dymadisc (D]

1) BOSU ball

1Balance beam, pad, Airex”
2)Stabiliy trainer, Thera-

Band'
3Toga” Acero Step

1) BOSU and Swiss ball
2) Inflated disc and foam
surace

Reciprocal balance tst 5 times/Week,
1) Prone insiabilty test 5 weeks
Dynamic balance test:

DY balance test

Dynamic balance test 4 times/Week,
1) Star excursion balance 6 weeks

test (SEBT)

Statc balance tes: Unknown times/
1) One-leg sanding with Week,
closed eyes test 8 wecks

Statc balance tes: 18 circuit training

1) The stork stand test sessons
Statc balance tes: 2 times/Week,
1) Standing stork test 8 weeks
Dynamic balance test

DY balance test

Static balance test: 3 times/Week,
1) Rightlet support leg 8 weeks
with eyes open test

2) Rightlleft support leg

with eyes closed test

Dynamic balance test 4 times/Week,
1) Single-leg side hop test 8 weeks
Statc balance test: 3-StimesWeek,
1) SSBT, stable stork. 8 wecks
balance test

2) USBT, unstable stork.

balance test

Reciprocal baance test 3 times/Week,
1) Stability Test with Eyes 6 weeks
Open and Closed; 2)

Postural Stability; 3)

Gravity Center Control

Statc balance test: 2 times/Week,
1) Standing Stork Test 6 weks
(SST)Dynamic balance test:

1) Four Step Square Test

(FssT)

Statc balance tes: 3 times/Week,
1) Standing stork test 7 weeks
Dynamic balance test

2)Y balance test

Reciprocal balance test 5 times/Weck,
1) CoP displacements of 8 weeks
the center of pessure

osciltion test

Static balance tes: Atimes/Week,

1) Biodex balance test unknown weeks

imes/Week,
8 wecks

Dynamic balance test
1) Tecno-body ProKin
PK200 mode dynamic:
balance test

Static balance tes:
1) Eyes open and losed
Bipedal stance on stable
plttorm

2) Eyes open and closed
Bipedal stance on wobble
boards

A-Stimes/Week,
6 weeks

Dynamic balance test
1Y Balance Test
Statc balance tes:
2) Stork Balance Test

3 times/Week,
7 weeks

3 times/Week,
ks

Dynamic balance test
1) Star excursion balance
test (SEBT)

Statc balance test:
1) Single-leg stance
2) Double-leg stance
3) Tandem stance
4 Totl BESS score

4 times/Week,
8 weeks

Static balance tes:
1) One-legged balance test
Dynamic balance test

1) Star excursion balance
test (SEBT)

2 times/Week,
8 weeks

Statc balance test:
1) Stork stands balance
protocal

Dynamic balance test
DY balance test

2 times/Week,
8 weeks

EG.; Prone instabiity
estes

¥ balance test ofright
legl, It eg], right arm1,
left arm]

EG. and CG: Star
excursion balance est
(SEBT)

EG.2 (HS): Onedleg
standing time with eyes
Closed]

EG. Stnding on
one legh

BTP: Standing stork (P<
00Ld=317) 1,
Y-balance (P< 001, d =
L8) 1
ATP: Standing stork (P<
00L,d=55) 1,
Ybalance (P< 001, d =
12001
CG: Standing stork (P<.
002.d=130 1,
Ybalance (p = 0.18,
)28)0

EG.: Right support leg
with eyes open T Left
support lg with eyes
open T

EG.1 (HO): Single-leg
sde hop (1) T, Singleleg
side hop (R) |

EG.2 (LG): Singleleg
sde hop (1) T, Singleleg
side hop (R) 1

Between-group (post
test)

SSBTes, USBT |

Between-group (post-
test): XEOT, Posiion of
the graviy center i the
posterior directon 1,
Positon of the gravity
center in the right
direction T

Between-group (post-
test): SSTes, FSST]

EG, (STG) Y balance
test for the right g and
lef legT, Stork balance
(ight leg) T

EG, (IRTI): CoP SAT,
CoP X, CoP YT, CoP VI
EG. (IRT2): CoP SAT,
CoP X1, CoP YT,

CoP Vs

EG, (Volleyball player):
Biodex (right) -, Biodex
(ef)

G (Soccer player):
Biodex (rght) «, Biodex
(ef)

EG.: PLT, AGPT, MST,
APT, MLew

CG: PLo, AGPos, MSe,
AP, MLes

EG.; Bipedal stance on
wobble board with eyes.
open and closed]

¥ Balanee Test
EG. (PS): right leg, RL/
L1, RUBT, RLRe: left
leg, RUL=, RL/BT, RL/
Re4CG (P right leg RL
L1, RUBT, RUR: et
leg, RUL=, RL/BT, RL/
RILCG (C): righ leg, RL/
Lo, RUBT, RLRe: left
leg, RL/Lo, RUBT, RL/
Rer

Stork Balanee Test:

EG. (PS): right leg et
legl

CG (P): right leg: et
legl

CG (©): right legls

left legl

Betveen-group
EG,(DD), EG. (RB) and
G (CON) diferences st
posetest SEBTT

EG.: 1) Si
stancel

2) Double-leg stance 1
3) Tandem stancel

0 Total BESS score]

g

EG.: Sar excursion
balance test (SEBT)

EG, (ABPT):Stork stand
balance protocoll, Y
balance test |

EG, (BBPT): Stork stand
balance protocoll, Y
balance test T
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References N1 N2 N3 N4 N5 N8 N9 Ni10 Ni11 Total PEDre Study

Quality
i Norambuena et al. (2021) 1 0 0 i 0 0 0 1 0 0 1 4 Moderate
2 Thielen et al. (2020) 1 1 4 1 o | o 0 1 1 1 1 7 High
5 Kang et al. (2013) I 7 R 0 o o v 1 7 High i
4 Prasetyo et al. (2023) 1 4 0 Lo o 0 1 0 0 1 4 Moderate
5 Makhlouf et al. (2018) 1 1 o | 1 0 0 0 1 1 1 1 7 High
e Cabrejas Mata et al. (2022) 0 1 4 1 0 0 0 1 i 1 1 6 Moderate
7 Zhao et al. (2021) 1 0 0 1 0 0 0 1 0 0 1 4 Moderate
s Negra et al. (2017) 1 1 4 1 0 0 0 1 il 1 1 7 High
9 Romero-Franco etal. 2012) | 1 1 0 1 0 0 0 1 1 L 7 High
10 Wee and Fatt (2019) 1 1 0 . 0 0 0 1 i 1 1 7 High
T Hammani et al. (2022) 1 1 0 1 0 0 0 1 i 1 1 7 High
2 Hammamictal (2023) 1 0 0 1 0 0 0 1 0 1 1 5 Moderate
13 Oliver and Brezzo (2009) 1 1 0 1 0 0 0 1 1 1 1 7 High
- 14 Gonener and Gonener (2020) | 1 T 0 1 0 0 0 - 1 1 7 High
15 | Zemkovi and Hamar (2010) = 1 1 1 1 ) 0 1 1 1 1 8 High
16 Hammani et al. (2020) 0o 1 0 Lo | o 0 1 1 N 6 High
v Eisen et al. (2010) ERE 0 Lo o 0 1 1 v 7 [ High
18 Gidu et al. (2022) 1 1 0 1 0 0 0 1 | 1 1 7 High
19 Granacher et al. (2015) 1 1 0 1 ) 0 1 1 1 1 7 High
) Chaouachi et al. (2017) o R 1 0 1 5 Moderate

Note: N1, eligibility criteria; N2, random alocation; N3, allocation concealment; N4, baseline comparability; N5, blind participants; N6, blind therapist; N7, Blind assessor; N8, Follow-Up; N9,
intention to treat analysis; N10, group comparison; N11, point measure and variability. A detailed explanation for each PEDro scale item can be accessed at https://www.pedro.orgau/english/
Haviondeiondin-sotli:
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PICOS Detailed information on inclusion and el

Population Healthy athletes or players cannot distinguish between age and gender
Intervention IRT (with the different unstable surfaces), IRT+, another training format in, E.G., (not <4 weeks)
Comparison Single (within group), multiple-group trials (between groups)

Outcome ‘The outcome must comprise the impact of IRT on balance ability among athletes and players

Study Design Single-group and randomized controlled trials (RCT or CRCT)
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Exercises

The first stage (1-2 weeks)

The second stage (3—5 weeks)

The third stage
(6—8 weeks)

Front barrier jump

Quadrant jumps.

Cross jumps +10 m sprint

“Z” sprint

“M” sprint

Front high leg raise (15 cm)
(15 hurdles/set*3 sets)

‘Triangle jumps on both feet (4 round*3/
set*3 sets)

(4 round + sprints)/set * 3 sets
“Z” sprint + Forward rail jumps (15 cm)

(2 reps/set*3 sets)

” sprint + Lateral barrier jumps (15 cm)
(2 reps/set*3 sets)

Front high leg raise (23 cm)
(20 hurdles/set*3 sets)

Quadrilateral jumps on both feet (6 round *3/

set'3 sets)
(6 round + sprints)/set * 3 sets
“2” sprint + Forward rail jumps (23 cm)

(3 reps/set*d sets)

sprint + Lateral barrier jumps (23 cm)
(3 reps/set*4 sets)

Front high leg raise (30 cm)
(25 hurdles/set*3 sets)

Hexagonal jumps (8 round *3/
set*3 sets)

(8 round + sprints)/set * 3 sets

“2" sprint + Forward rail jumps
(30 cm)
(4 reps/set®5 sets)

“M” sprint + Lateral barrier jumps
(30 cm)
(3 reps/set*4 sets)

Lateral slide folding move +
Sprint

one-step lateral stomp

In-situ crossover stomp swing

(3 m return*4+5 m sprint)/set*3 sets

15 reps/set * 3 sets

15 reps/set * 3 sets

(3 m return*5+5 m sprint)/set*3 sets

20 reps/set * 3 sets

20 reps/set * 3 sets

(3 m return*6+5 m sprint)/set*3 sets

25 reps/set * 3 sets

25 reps/set * 3 sets

Signal indeterminate
movement

Intensity

Rest

23 signal responses
20 s/set * 3 sets

Low intensity

Between sets: 3 min

4-5 signal responses
20 s/set * 3 sets

Middle intensity

Between exercise: 60 s
Between sets: 3 min

5-6 signal responses
20 s/set * 3 sets

High intensity

Between exercise: 60 s
Between sets: 3 min
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Exercises

The first stage
(1-2 weeks)

The second stage (3—5 weeks)

The third stage (6—-8 weeks)

Stand on the balance board
exercise

Supine straight leg bridge
on Swiss Ball

Side-plank with inflated
balance disc

Lunge squat on BOSU ball

Airex” Balance-pad Elite
exercise

Rest

Static standing on the board with
two legs
30 s/set*3 set

Isometric supine straight leg
bridge on Swiss Ball
30 s/set*3 set

Side-plank with inflated balance
disc with elbow
30 s/set*3 set

Lunge squat on BOSU ball
10 reps/leg/set*3 set

Single-leg squat with balance-pad
10 reps/leg/set*3 set

Static standing on the board with two legs and eyes
closed
30 s/set*3 set

Isometric supine single-leg bending bridge on Swiss
Ball
30 sfset*3 set

Side-plank with inflated balance disc and the non-
supporting leg stretches backward
30 s/set'3 set

Lunge squat on BOSU ball and inflated balance disc
10 reps/leg/set*3 set

Single-leg standing with balance-pad and the non-
supporting leg stretches backward
12 reps/leg/set*3 set

Squat on the plate with eyes closed (3 sets:
10 reps/set)

Dynamic supine single-leg bending bridge on Swiss
10 reps/set*3 set

Side-plank with inflated balance disc and the non-
supporting leg stretches backward with elastic band
10 reps/set*3 set

Lunge squat on BOSU ball and inflated balance disc
with 5 kg dumbbells
10 reps/leg/set*3 set

Single-leg support with balance-pad elite and the
non-supporting le stretches backward with clastic
band
12 reps/leg/set*3 set

Between exercise: 60 s Between sets: 3 min

N VI, et ceadiacbol ieataing senesr on astibie Supgoit (s 0BT Kl Srise hall sl Halince sl AN, srotil Sobdociet Ganing s on sxils susmoct e, solid fabs:
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Age (year) Height (cm) Mass (kg) Training experience (years)

‘ MB (n = 15) 1563 £ 0.88 167.56 + 2.83 56.75 + 0.66 3.88 £ 0.66

‘ CON (n =15) 15.56 + 0.81 167.44 + 3.44 57.25 + 334 3.94 £ 047
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Publication Task Gaze analysis Gaze measures

Author(s)/Year Condition View  Response Trials ET GCA NAOI FD NF SA VT DN DE
Spitz et al. (2016) Soccer (R) 39/39 Lab Ist Artificial 20120 /120 Algorithmic 4 x x - - - -
Zeuwts etal. (2016) Cycling 1213 Lab+Field Ist Natural 550m/700m m/50(30)  Manual 5 - - - - - -
Chia etal. (2017) Badminton 24124 Field Ist Natural 27.6/30 m/30(-) | Manual 6 x x - x - -
Decroix etal. (2017) Slalom Skiing 1727 Field Ist Natural 1717 m/50(25)  Manual 8 x x - x - -
Schnyder etal. (2017) Soccer (R) 6/6 Field Ist Natural 36/36 m/120(60) | Manual 7 x x - - - x
Seifert etal. (2017) Climbing 1818 Field Ist Natural 1 route m/60(30)  Manual 0 x x - N x -
Vansteenkiste et a. Cycling 27134 Field Ist Natural 550m/700m m/30(-)  Manual 5 x x - x - -
2017)

Brimmell et al. (2018) Soccer 4142 Lab Ist Natural 22 m/30(-) | Manual 4 x x - x - -
Del Campo etal. (2018) | Soccer (R) 2022 Lab Ist Natural 24124 m/— Manual 2 x x - x - -
Goh etal. (2018) Bowling 2121 Field Ist Natural 10/10 m/25(-) | Algorithmic 8 x x - x - -
Hunfalvay and Murray | Tennis (WC) 3232 Lab Ist Natural 18/18 S/60 Algorithmic 5 x x - - - x
(2018)

Pizzera etal. (2018) Gymnastic ()) 35035 Lab Ist Natural 19021 5/300 Manual 5 x x - - - -
Robertson etal. (2018) | Judo (C) 20122 Lab Ist Natural 224 m/30(-) | Manual 9 x x - x - -
Sienz-Moncaleano etal. | Tennis 2121 Field Ist Natural 40/40 m/60(-) | Manual 4 x - - . - x
(2018)

Van Maarseveen et al. Basketball 13/13 Field Ist Natural 12/36 m/24(=) | Manual 9 x x - x -
(2018)

m etal. (2019) Archery 14714 Lab Ist No 3 s/ Algorithmic 5 x x x - - x
Vila-Maldonado et al. Volleyball 3838 Lab Ist Artificial 34136 m-(=) | Manual s x x - x - -
(2019)

Aksum et al. (2020) Soccer 5i5 Field Ist Natural 16min m/-(25) | Manual 4 x - - x - -
Bickmann etal. 2020) | Soccer (E) 2121 Lab Ist Natural 1 match §/120 Manual 9 x x e - - -
Kato (2020) Kendo 20120 Field Ist Natural 415 sess. m/60(-=)  Manual 6 x x - x - -
Mitchell etal. (2020) Climbing (C) 6/6 Field Ist Artificial 1212 m/60(-)  Manual 3 x x - x - -
Shearer etal. (2020) Team Sports 34134 Lab Ist Artificial i $/120 Manual 3 x x - - - -
Babadi Aghakhanpour | Fencing (R) 28128 Lab Ist Natural 50150 m/60(-)  Manual 4 x x - - - -
etal. (2021)
Esteves etal. (2021) Basketball 1010 Field Ist Natural 50/50 m/60(-) | Manual 6 x x - . - -
Y b Basketball (R) 819 Field Ist Natural Imatch | m/2000120/30) = Manual 6 x - x - - x
Klattetal. (2021a,b) Field Hockey 13/14 Field Ist Natural 19.5/20 m/200(120/30) | Manual 6 x - - . - x
Loiseau-Taupin et al. Badminton 1919 Field Ist Natural 2sets m/2000120) | Manual 9 x x - x - x
(2021)
Rosker and Majcen Tennis 1515 Field Ist Natural 45190 m/50(=) | Manual 2 x - - - - x
Rosker (2021a)
Rosker and Majcen Tennis 717 Field Ist Natural 60/~90 m/50(-) | Manual 25 x - - - - x
Rosker (2021b)
Krabben etal. (2022) Judo 718 Field Ist Natural 12920 m/12025) | Algorithmic 7 - - - x - x
Van Biemen etal. (2022) | Soccer (R) 14714 Field Ist Natural 65.4/9min  m/60/30(-) | Manual 6 x x - x - x
The publications are specified by researched sport (R, referee; ], judge; WC, wheelchair; C, coach; E, e-sports), sample size (N: number of participants with gaze analysis/total number of participants), visualisation condition (Lab = lides/videos, Field = in-situ

investigation), viewing perspective (Ist=agent’s perspective, 3rd =agent on the field), required motor response (natural = natural action, rtificial = verbal/bution press/etc., no =just watching), number of trials (number of rials with gaze analysis/total number of trials),
applied eye-tracker (ET, type and sample rate in Hz, m = mobile, s =stationary, — = not reported, in brackets: sample rte of scene camera), the gaze-cue allocation method (GCA, Manual = ratings, algo. = algorithmic, ~ = not reported), number of pre-defined areas of
erest for gaze allocation (NAOI), as well s collected gaze measures (D = fixation durations, NE =number of fixations, SA =saccades, VT = viewing times, DN = gaze dynamics not related to a specific event, DE = gaze dynamics related to a specific event,

=measured, = not measured).
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References Sports Gender Age Sports experience Timing Model Desig
Okano et al. (2015) Cyeling 10M 33.00 £ 9.00 | Nation level Offline aDCS | Crossover
Hazime et al. (2017) Handball 8F 19.65+ 255  State and national competitions Online/Offline ~ a-tDCS | Crossover
Mesquita et al. (2019) Tackwondo 12M7F 19.00 £ 300  Nation level Offline atDCS | Crossover
Vargas et al. (2018) Soccer 20F 1610+ 090 | State and national competitions Online/Offline | atDCS | Crossover
Valenzuela et al. (2019) “Triathlon M 2200+ 200 | International competitions Offline atDCS | Crossover
Mesquita et al. (2020) Taekwondo SM4F 19.00 National or international tournaments Offline atDCS | Crossover
Mehrsafar et al. (2020) Archery 12M 26.51+231 | National level Offline a/ctDCS | Crossover
*Morcira et al. (2021) Soccer v 19.00 £ 100 Professional Football Club Players Offline atDCS | Crossover
Pollastri et al. (2021) Cycling M 20.00 + 150 | International competitions Offline atDCS | Crossover
Machado et al. (2021) Cycling, Rowing | 12M 2040 +7.30 | State, national or world-class competitions | Offline atDCS | Crossover
Salehi et al. (2022) Swimming ism 23,00+ 1.00 | State and national competitions Offline a/ctDCS | Crossover
Penna et al. (2021) Swimming 10M 30.00 £ 600 | National level Offline atDCS | Crossover
Liang et al. (2022) Rowing SF NR National level Offline atDCS | Crossover
park et al. 2022) Volleyball 13F 2192281 | Professonal Volleyball Club Players  offine atDCS | Crossover
Moreira et al. (2022) Basketball s 25.00 + 800 | Professional Basketball Players Online/Offline | atDCS | Crossover
Gallo et al. (2022) Cyeling 12M 213+£430 | Nation level Offline atDCS | Crossover
Fortes et al. (2022a) Basketball o 2477 +42 | National level Online/Offine | a4DCS | Crossover
Anoushiravani et al. (2023) | Gymnastic 17M 21.05+204  National competitions Online/Offline | atDCS | Crossover

Abbreviations:

male; F = female; NR, not reported; a-tDCS, anodal tDCS; ¢-tDCS, cathodal tDCS.
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References Stimulus(S) Electrode Intensity Duration Indicators Main outcomes

Reference(R) size [cm?] [mA] [mins]
Strength
Hazime et al. SMI (C3or G RIOC | S=R=35 20 20 MVIC a-tDCS improved MVIC of
shoulder rotator
Vargas et al. SMI (C3 or C4) RCOC | S=R=35 20 20 MVIC -tDCS improved MVIC of
external and internal knee
extensor
Mesquita et al. S:Bilateral M1 (C3, C4) RIS | $ =35 R =25 15 15 fevi] No significant difference in CMJ
Park et al. SMI (C2) RMI (C5,C6) | S=R=28 20 2 1RM, CM] No significant difference in CMJ,
bench-press and back-
squat 1 RM
Anoushiravani et al. | §: Bilateral PMC R: COC | §=R =35 20 20 BJT, MVIC a-tDCS improved BJT, MVIC of
all upper body muscles
$: Bilateral CB R: COC =R=35 20 20 -tDCS improved MVIC of right
deltoid and trapezius, left biceps
and pectoralis muscle
Endurance
Okano et al. SiLeft TC (T3) RCOC S=R=35 20 2 MIT a-tDCS improved PPO
Pollastri ct al. S:Bilateral DLPFC (F3, F4) | S =R =3.14 15 20 15 km TT -tDCS improved PPO and total
REFpl, F7, C3, Fp2, F8, C4 time
Machado et al. SM1(Cz,C1, C2) RC3,C4, | NR 24 2 TTE at 80% PPO No significant difference
ECI, FC2, P1, P2
M (C2) R: Occipital S=36R=35 20 20
protuberance
Gallo et al. S:Bilateral DLPFC (F3, F4) | S =R =3.14 15 20 2km TT 2-tDCS improved total time

RFpl, F7, C3, Fp2, F8, C4

Sport-specific performance

Salehi et al. SiLeft DLPEC (F3) R: S=R=35 20 20 50-m swimming test  a-tDCS improved total time
€OC (Fp2)
Valenzuela et al. | $:M1 (C3) RCOC (Fp2) S=R=25 20 20 800-m swimming test | No significant difference
Penna et al. Sileft TC (T3) RIS S=R=35 20 30 800-m swimming test | No significant difference
Moreira etal. | SiLeft DLPFC (F3) RiRight =R=35 20 20 Shooting task No significant difference
DLPFC (F4)
Liang et al. S:MI (Cz) RC5, C6 S=R=24 22 20 5 km rowing No significant difference in
speed and power
Mesquita et al. | S:Bilateral M1 (C3, C4) RIS | S=35R=25 15 15 FSKT a-tDCS worsens the total
‘number of kicks
Park et al. SIMI (Cz) RC5, C6 S=R=28 20 20 Spike task 2-tDCS improved spike speed
Mesquita et al. | S:Bilateral M1 (C3, C4) RIS S=35R=25 15 15 PSTT No significant difference in
kicking frequency
Anoushiravani | §: Bilateral PMC R: COC S=R=35 20 20 BHST, SLHT,DLCT,  a-tDCS improved SLHT, BHST,
etal ASFT,SRT,DPBT DPBT
§: Bilateral CB R: COC S=R=35 20 20 2-tDCS improved SLHT

Emotional state

Valenzuela et al. | S:M1 (C3) RCOC (Fp2) S=R=25 20 20 BMS a-tDCS improved vigor

Mehrsafar et al. | S:Left DLPFC (F3) R:Right S=R=25 20 20 BMS, CSAL-2 a-tDCS improved vigor,
DLPEC (F4) decreased tension, fatigue and

anxiety

Moreira et al. | SiLeft DLPFC (F3) RiRight S=R=35 20 20 WBQ 2-tDCS improved total score
DLPEC (F4)

Machado etal. | S:MI (Cz, C1,C2) RC3,C4,  NR 24 20 BMS No significant difference in total
FCI, FC2, P1, P2 score
$:M1 (C2) R: Occipital S=36R=35 20 20
protuberance

Cognitive performance

Moreira et al. | SiLeft DLPFC (F3) RiRight S=R=35 20 20 Stroop task No significant difference in RT
DLPEC (F4) and accuracy

Gallo et al. SiBilateral DLPEC (F3, F) R: | § =R =3.14 15 20 Stroop task No significant difference in RT
Fpl, F7, C3, Fp2, F8, C4 and accuracy

Fortes et al. S:Middle TC (CP5) RiVisual 20 30 Visuomotor task a-tDCS improved RT and
cortex (Oz) Decision-making accuracy in decision-making,

and RT in visuomotor task

The effects of tDCS on improving athletic performance were categorized into strength, endurance, sport-specific performance, emotional states, and cognitive performance. Abbreviations:
a-tDCS, anodal tDCS; FSKT, frequency speed of kick test; PSTT, progressive specific tackwondo test; MVIC, maximal voluntary isometric contraction; CMJ, countermovement jump; TTE, time
to exhausted test; MIT, maximal incremental test; TT, time trail; PPO, peak power output; IRM, 1 repetition maximum; BJT, broad jump test; SLHT, straddle lft to handstand test; DLCT,
double legs circle test; BHST, back hang scale test; ASFT, active shoulder flexibility test; SRT, sit and reach test; DPBT, dips on parallel bars test; WBQ, Wellbeing Questionnaire; BMS, brunel
mood scale; CSAI-2, competitive state anxiety inventory second edition; RT, reaction time; cm = square centimeter; mA = milliamps; mins, minutes; M1 = primary motor cortex; DLPFC,
dorsolateral prefrontal cortex; TC, temporal cortex; PMC, premotor cortex; CB, cerebellum; COC, contralateral orbitofrontal cortex; 10G, ipsilateral orbitofrontal cortex; IS, ipsilateral shoulder;
$ = stimulating electrode; R = reference electrode; NR, not reported; F = female; M = male.
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