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Abstract

Background In many sports, maintaining balance is

necessary to compete at a high level. Also, in many health

problems, balance is impaired. Postural sway (PS) is often

used as an indicator of upright balance control, and phys-

ical activity (PA) might enhance balance control. However,

the relationship between PS and PA has never been sys-

tematically reviewed.

Objective Our objective was to summarize the evidence

regarding the relationship between PS in upright bipedal

and unipedal standing and PA.

Methods We conducted a literature search in MEDLINE,

EmBase, CINAHL, the Cochrane Database, and PEDro, up

to March 2012, with no limit on the starting date. Char-

acteristics and methodological aspects of each article were

extracted by two reviewers. We used centre of pressure

(CoP) velocity, and variables related to the CoP area, to

compare studies.

Results A total of 39 articles were reviewed from an

initial yield of 2,058. Of these 39 studies, 37 used a com-

parative design, one was a cohort study, and one was a

randomized controlled trial.

Conclusion The main conclusion was that in general,

sport practitioners sway less than controls, and high-level

athletes sway less than low-level athletes. Additionally, we

identified specific effects dependent on the use of vision,

sport-specific postures, and frequency and duration of the

(sports) activity. PS in unperturbed bipedal stance appears

to have limited sensitivity to detect subtle differences

between groups of healthy people.

1 Introduction

Postural sway (PS) is the pattern created by the process of

continuous small body deviations from an upright body

position countered by corrective torques [1]. It can be

studied by recording the movement of the centre of pres-

sure (CoP). Many health problems, such as low back pain

[2], anterior cruciate ligament ruptures [3–5], ankle injury

[6, 7], stroke [8, 9], diabetic neuropathy [10, 11], and

Parkinson’s disease [11], are associated with an increase in

PS. Several studies have also shown an increase in PS with

aging [12–14]. It is generally thought that more sponta-

neous PS in unperturbed stance is a result of impaired

balance control. Optimizing balance control may benefit

physical rehabilitation for health problems and the deteri-

orating effect of age.

In a recent review, Hrysomallis studied whether PS is a

determinant of sports performance. Based on cross-sec-

tional studies, he concluded that balance ability is related to

competition level for some sports, and to a number of
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performance measures [15]. In designing rehabilitation

interventions, the opposite question is of interest: does

performing physical (sport) activities lead to improved

balance control? Since studies reviewed by Hrysomallis

were cross-sectional, the direction of causality, if any, is

unclear, but the overall conclusion may suggest a positive

answer. Indeed, numerous studies have found an associa-

tion between physical activity (PA) and balance control, as

measured by PS [7, 16–43]. However, the data are incon-

clusive regarding direction and strength of the association.

The fact that the work by Hrysomallis was not designed as

a systematic review precludes a more definitive answer.

Also, it is not clear which elements of PA are associated

with a reduction in PS. Answering this question could

prove useful in designing optimal interventions for balance

control.

One possibility is that these elements of PA consist of a

general transfer of training balancing activities to balance

control and hence PS; for example, there are indications

that higher levels of PA could lead to a decrease in PS in

the elderly [44, 45]. On the other hand, it is possible that

balance abilities are specific to a particular task, a principle

known as Henry’s hypothesis [46]. In this case, it is of

interest which elements characterize the sports with the

strongest association with PS.

Taking all these uncertainties into account, we formu-

lated the following questions as the objective of this

review: “is PA associated with a decrease in PS in unipedal

or bipedal stance?” and “is practicing a sport that specifi-

cally challenges balance associated with a decrease in PS in

unipedal or bipedal stance?”.

2 Methods

We conducted a literature search in MEDLINE, EmBase,

CINAHL, the Cochrane Database, and PEDro up to 3

March 2012. The following search string was used for the

electronic databases: (‘centre of pressure’ [All Fields] OR

‘center of pressure’ [All Fields] OR ‘CoP’ [text word] OR

‘center of foot pressure’ [All Fields] OR ‘postural sway’

[All Fields] OR ‘force plate’) AND (‘Motor Activity’

[Mesh] OR ‘Leisure Activities’ [Mesh] OR ‘Human

Activities’ [Mesh] OR ‘Activities of Daily Living’ [Mesh]

OR ‘sports’). To exclude studies not focusing on healthy

populations, the following conditions were attached to the

strategy: ‘NOT (‘Stroke’ [Mesh] OR ‘Parkinson Disease,

Secondary’ [Mesh] OR ‘Parkinson Disease’ [Mesh] OR

‘Multiple Sclerosis’ [Mesh])’. The search strategy was

adapted to each database. Two researchers (HK and HD)

independently screened search results for potentially eli-

gible studies. When titles and abstracts suggested that a

study was potentially eligible for inclusion, a full text copy

of the paper was obtained. In addition, all references of

eligible papers were screened for relevant studies. Dis-

agreement between researchers was resolved by discussion.

Table 1 shows the criteria used for inclusion and exclusion.

Data of the characteristics of the study were independently

extracted by HK and HD.

We included both cross-sectional and longitudinal studies.

Since there is no consensus on a reliable and valid instrument

to assess themethodological quality of cross-sectional studies

[47, 48], neither rating nor weighing of studies was per-

formed. However, we extracted aspects of methodological

quality from the reports and incorporated them in our inter-

pretation of the results. The appraised variables were as fol-

lows: comparability of studied groups on sex [49], age [50,

51], body height [49], body weight [49, 50], and foot length

[49]. Furthermore, we looked at group size, because of the

potential lack of power in small sample sizes.

We only searched for studies that used variables that

describe the movement of the CoP. Variables that were

related to a static position, e.g., the mean CoP position or a

change in the mean CoP position movement, were not

analysed. Variables in the category ‘other’ were registered

but not analysed. When no direct comparison was made

between groups of interest by the authors of the articles, the

available data (e.g., mean and standard deviation) were

used to test whether differences were statistically

significant.

3 Results

The search strategy yielded 2,058 articles. Figure 1 is a

flow diagram showing information about the number of

studies identified, included and excluded studies, and rea-

sons for exclusion. Based on titles and abstracts, 35 full-

text copies of the papers were obtained. Seven studies were

excluded after reading full texts. Screening the references

of the 28 articles that remained identified 22 additional and

potentially relevant titles, of which six were included.

Finally, a search of all publications of first authors was

conducted, after which a total of 39 articles were included.

The characteristics and aspects of methodological quality

of the included studies are presented in Table 2, group

comparisons and detailed results in Table 3. PS was mea-

sured under different circumstances, analyzed in different

directions, and quantified using a wide range of dependent

variables. Therefore, in addition to the detailed results in

Table 3, a summary of the main results is presented in

Tables 4 and 5. In these tables, results are summarized as a

positive, a negative, or no significant association. Table 4

describes comparisons of sport practitioners with control

groups with no specific PAs, or practitioners of the same or

other sports at a lower level. In the following sections,

H. Kiers et al.



these will be referred to as ‘controls’. Table 5 describes

comparisons with sport practitioners of similar levels from

a different sport.

All included studies were cross-sectional studies and

had a comparative design except the studies of Ageberg

et al. [12], which used a regression analysis within a cohort,

Table 1 Inclusion and exclusion criteria

Inclusion Exclusion

• Studies concerning healthy adults (18–65 years) • Single case reports

• Studies that assess postural sway by centre of pressure area or velocity

measurements in bipedal or unipedal stance without perturbations

• Experiments with therapeutic interventions aimed to

improve postural control

• Studies that compare groups that participate in different sports,

or differ in level of activity

• Measurements on a moveable or non-firm surface

• Studies published in English, German, French or Dutch

• Publications up to March 2012

Fig. 1 Flow chart of publication selection. n number of studies

Physical Activity and Postural Sway
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v
s.

co
n
tr
o
ls

H
ei
g
h
t
an
d

w
ei
g
h
t
le
ss

in
R
G

N
R

?

S
h
o
o
ti
n
g

A
al
to

et
al
.

[1
6
]

H
ee
ls

to
g
et
h
er
,
fe
et

3
0
°,
k
n
ee
s
lo
ck
ed
,

ar
m
s
cr
o
ss
ed

o
v
er

th
e
ch
es
t

9
0
s
(3
0
–
5
7
s
an
d
6
0
–

8
7
s
u
se
d
fo
r

an
al
y
si
s)

N
R

N
R

N
R

in

co
n
tr
o
ls

?
N
R

N
R

−

E
ra

et
al
.

[2
0
]

S
h
o
o
ti
n
g
,
to
p
le
v
el
,

w
ea
ri
n
g

co
m
p
et
it
io
n
cl
o
th
es

7
.5
s
p
re
ce
d
in
g
a
sh
o
t,

an
al
y
ze
d
in

5

in
te
rv
al
s
o
f
1
.5

s

A
im

in
g

A
im

in
g

?
?

T
o
p
le
v
el

h
ig
h
er

w
ei
g
h
ta

?
−
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T
a
b
le

2
co
n
ti
n
u
ed

S
p
o
rt
/

ac
ti
v
it
y

A
u
th
o
r

an
d
y
ea
r

P
o
si
ti
o
n

T
ri
al

T
as
k

V
is
u
al

in
st
ru
ct
io
n
s

S
ex

A
g
e

W
ei
g
h
t/
h
ei
g
h
t/

fo
o
t
si
ze

G
en
er
al

ac
ti
v
it
y

le
v
el

S
am

p
le

si
ze

S
h
o
o
ti
n
g
/

fe
n
ci
n
g

H
er
p
in

et
al
.

[4
3
]

B
ar
ef
o
o
t,
ar
m
s
at

th
e

si
d
es

2
0
s

R
em

ai
n
as

st
ab
le

as

p
o
ss
ib
le

L
o
o
k
st
ra
ig
h
t
ah
ea
d

at
a
d
o
t
o
n
ey
e

le
v
el

2
m

aw
ay

?
?

?
C
o
n
tr
o
ls

w
er
e

se
d
en
ta
ry

?

K
o
n
tt
in
en

et
al
.
[2
4
]

S
h
o
o
ti
n
g
p
o
si
ti
o
n
,

w
it
h
sh
o
o
ti
n
g
an
d

co
m
p
et
it
io
n
cl
o
th
es

1
tr
ia
l
o
f
6
s

p
re
ce
d
in
g
th
e
sh
o
t.

D
at
a
an
al
y
ze
d
in

in
te
rv
al
s
o
f
1
.5

s

A
im

in
g

A
im

in
g

?
?

?
N
R

−

L
ar
u
e
et

al
.

[2
5
]

S
h
o
o
ti
n
g
p
o
si
ti
o
n
,

w
it
h
sh
o
o
ti
n
g
an
d

co
m
p
et
it
io
n
cl
o
th
es

6
s

A
im

in
g

A
im

in
g

N
R

?
N
R

N
R

−

N
ii
n
im

aa

an
d

M
cA

v
o
y

[2
9
]

S
h
o
o
ti
n
g
p
o
si
ti
o
n

6
0
s

A
im

in
g

A
im

in
g

?
A
th
le
te
s
±

1
2
y
ea
rs

o
ld
er

v
s.

co
n
tr
o
ls

?
N
R

−

S
u
et

al
.

[3
5
]

C
o
m
fo
rt
ab
le

an
d

n
ar
ro
w

st
an
ce

1
5
s

A
im

in
g

A
im

in
g

?
?

?
N
R

?

S
k
ii
n
g

N
o
é
an
d

P
ai
ll
ar
d

[4
2
]

K
n
ee
s
ex
te
n
d
ed

5
1
.2

s
R
em

ai
n
as

st
il
l
as

p
o
ss
ib
le

N
R

?
?

?
N
at
io
n
al
/

re
g
io
n
al

le
v
el

2
5
/

1
2
h
p
/w

tr
ai
n
in
g

−

S
o
cc
er

Ja
k
o
b
se
n

et
al
.
[5
6
]

E
le
v
at
ed

le
g
at

le
as
t

5
cm

ab
o
v
e

p
la
tf
o
rm

,
h
an
d
s
at

h
ip

2
tr
ia
ls

o
f
3
0
s
ea
ch

le
g
.
T
ri
al

w
it
h

sh
o
rt
es
t
p
at
h
le
n
g
th

p
er

le
g
w
as

av
er
ag
ed

w
it
h
o
th
er

le
g

N
R

L
o
o
k
in
g
at

a
fi
x
ed

ta
rg
et
,
1
.6
5
m

h
ig
h
,
2
.5

m
aw

ay

?
?

?
?

−

M
at
su
d
a

et
al
.
[2
7
]

H
an
d
s
o
n
h
ip
s,
h
ip

2
0
°
fl
ex
ed

3
tr
ia
ls

o
f
6
0
s
ea
ch

le
g

N
R

N
R

?
?

?
N
R

−

M
at
su
d
a

et
al
.
[5
7
]

B
ip
ed
al
:
h
ee
ls

to
g
et
h
er
,
ar
m
s

h
an
g
in
g
lo
o
se
.

U
n
ip
ed
al
:
h
an
d
s
o
n

h
ip
s,
h
ip

2
0
°
fl
ex
ed

3
tr
ia
ls

o
f
6
0
s
ea
ch

le
g
.
M
ea
n
o
f
th
e

tw
o
w
it
h
lo
w
es
t

sw
ay

w
as

u
se
d
fo
r

an
al
y
si
s

N
R

L
o
o
k
in
g
at

a
fi
x
ed

p
o
in
t

?
?

?
−

?

P
ai
ll
ar
d

et
al
.
[3
0
]

A
rm

s
al
o
n
g
th
e
b
o
d
y
,

fo
o
t
o
n
la
n
d
m
ar
k
s,

le
g
fl
ex
ed

at
9
0
°
at

th
e
k
n
ee

5
1
.2

s
S
ta
n
d
as

st
il
l

as
p
o
ss
ib
le

L
o
o
k
in
g
at

a
m
ar
k

o
n
th
e
w
al
l

?
?

?
−

?

H. Kiers et al.



T
a
b
le

2
co
n
ti
n
u
ed

S
p
o
rt
/

ac
ti
v
it
y

A
u
th
o
r

an
d
y
ea
r

P
o
si
ti
o
n

T
ri
al

T
as
k

V
is
u
al

in
st
ru
ct
io
n
s

S
ex

A
g
e

W
ei
g
h
t/
h
ei
g
h
t/

fo
o
t
si
ze

G
en
er
al

ac
ti
v
it
y

le
v
el

S
am

p
le

si
ze

P
ai
ll
ar
d
an
d

N
o
é
[3
1
]

A
rm

s
al
o
n
g
th
e
b
o
d
y
,

fe
et

o
n
la
n
d
m
ar
k
s,

le
g
s
st
ra
ig
h
t,
fe
et

3
0
°.
5
cm

ap
ar
t

5
1
.2

s
S
ta
n
d
as

st
il
l

as
p
o
ss
ib
le

L
o
o
k
in
g
at

a
m
ar
k

o
n
th
e
w
al
l

?
?

?
N
R

?

P
ai
ll
ar
d

et
al
.
[5
8
]

B
ar
ef
o
o
t,
ar
m
s
al
o
n
g

th
e
b
o
d
y
,
fe
et

o
n

la
n
d
m
ar
k
s,
le
g
s

st
ra
ig
h
t,
fe
et

3
0
°.

5
cm

ap
ar
t

5
1
.2

s
S
ta
n
d
as

st
il
l

as
p
o
ss
ib
le

L
o
o
k
in
g
at

a
fi
x
ed

ta
rg
et
,
2
m

aw
ay

?
?

?
N
at
io
n
al
/

re
g
io
n
al

le
v
el

5
/6

v
s.
2
d
ay
s

p
/w

tr
ai
n
in
g

−

S
u
rfi
n
g

C
h
ap
m
an

et
al
.
[1
9
]

F
o
o
t
p
o
si
ti
o
n
w
as

st
an
d
ar
d
iz
ed

3
0
s

A
tt
em

p
t
to

st
an
d
as

st
il
l
as

p
o
ss
ib
le

G
az
in
g
in

a
‘n
at
u
ra
l

fo
rw

ar
d
d
ir
ec
ti
o
n

at
n
o
th
in
g
in

p
ar
ti
cu
la
r’

at
a

b
la
n
k
,
w
h
it
e
w
al
l

?
?

E
x
p
er
t
su
rf
er
s

sm
al
le
r
an
d

li
g
h
te
r
th
an

sw
im

m
er
s

?
(e
x
p
er
t

su
rf
er
s
[

sw
im

m
er
s)

?

P
ai
ll
ar
d

et
al
.
[4
1
]

B
ar
ef
o
o
t,
ar
m
s
al
o
n
g

th
e
b
o
d
y
,
fe
et

to
g
et
h
er
,
le
g
s

st
ra
ig
h
t

5
0
s

S
ta
n
d
as

st
il
l

as
p
o
ss
ib
le

L
o
o
k
in
g
at

a
fi
x
ed

ta
rg
et
,
2
m

aw
ay

?
?

?
N
R

−

T
ae
k
w
o
n
d
o

L
eo
n
g

et
al
.
[5
9
]

B
ar
ef
o
o
t

2
0
s.
M
ea
n

o
f
3
tr
ia
ls

A
tt
em

p
t
to

st
an
d
as

st
il
l
as

p
o
ss
ib
le

L
o
o
k
in
g
fo
rw

ar
d

?
−

?
−

?

T
ai

C
h
i

G
u
an

an
d

K
o
ce
ja

[6
0
]

N
R

3
tr
ia
ls

o
f
1
5
s

N
R

N
R

?
?

?
?

?

M
ak

an
d

N
g
[2
6
]

A
rm

s
h
an
g
in
g

fr
ee
ly

1
0
s

N
R

L
o
o
k
in
g
at

a

ta
rg
et

N
R

?
N
R

N
R

−

W
u
et

al
.

[3
9
]

H
ee
ls

1
0
cm

ap
ar
t,
to
es

1
0
°

3
0
s.
A
v
er
ag
e

o
f
5
tr
ia
ls

S
ta
n
d
as

st
ab
le

as

p
o
ss
ib
le

L
o
o
k
in
g
at

a

m
ar
k
o
n
th
e

w
al
l

?
?

?
?

?

B
M
I
b
o
d
y
m
as
s
in
d
ex
,
E
C
ey
es

cl
o
se
d
,
F
fe
m
al
e,

M
m
al
e,

N
R
n
o
t
re
p
o
rt
ed
,
P
A
p
h
y
si
ca
l
ac
ti
v
it
y
,
P
S
p
o
st
u
ra
l
sw

ay
,
p
/w

p
er

w
ee
k
,
R
G

rh
y
th
m
ic

g
y
m
n
as
ts

?
n
o
si
g
n
ifi
ca
n
t
d
if
fe
re
n
ce
s
b
et
w
ee
n
g
ro
u
p
s,
o
r
an
al
y
si
s
ad
ju
st
ed

fo
r
th
is
ch
ar
ac
te
ri
st
ic
.
S
am

p
le

si
ze

[
1
0
in

ea
ch

g
ro
u
p

−
si
g
n
ifi
ca
n
t
d
if
fe
re
n
ce

b
et
w
ee
n
g
ro
u
p
s
an
d
n
o
ad
ju
st
m
en
t
in

th
e
an
al
y
si
s.
S
am

p
le

si
ze

in
1
o
r
m
o
re

g
ro
u
p
s
1
0

a
T
o
p
-l
ev
el

sh
o
o
te
rs

h
ig
h
er

w
ei
g
h
t
d
u
e
to

w
ea
ri
n
g
co
m
p
et
it
io
n
cl
o
th
es
.
N
o
d
if
fe
re
n
ce
s
in

h
ei
g
h
t

b
H
ei
g
h
t
an
d
w
ei
g
h
t
n
o
t
re
p
o
rt
ed
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T
a
b
le

3
G
ro
u
p
co
m
p
ar
is
o
n
s
an
d
d
et
ai
le
d
re
su
lt
s

S
p
o
rt
/a
ct
iv
it
y

A
u
th
o
r
an
d

y
ea
r

S
p
o
rt
p
ra
ct
it
io
n
er
s
(n
u
m
b
er
,

se
x
,
le
v
el
,
ag
e)

m
ea
n
±

S
D

o
r
ra
n
g
e

C
o
n
tr
o
ls
(n
u
m
b
er
,
se
x
,
ac
ti
v
it
y
,

le
v
el
,
ag
e)

m
ea
n
±

S
D
o
r
ra
n
g
e

E
y
es

o
p
en

b
ip
ed
al

E
y
es

o
p
en

u
n
ip
ed
al

E
y
es

cl
o
se
d
b
ip
ed
al
a

E
y
es

cl
o
se
d

U
n
ip
ed
al
a

A
u
th
o
r’
s
co
n
cl
u
si
o
n
sb

B
as
k
et
b
al
l

L
ea
n
d
er
so
n

et
al
.
[5
2
]

1
3
an
k
le
s
o
f
9
M

p
la
y
er
s,
2
n
d

d
iv
is
io
n
le
ag
u
e,

2
4
(2
0
–
2
9
)

1
1
co
n
tr
o
ls
,
M
,
2
5
.5

(2
0
–
2
9
),

n
o
rm

al
ly

ac
ti
v
e

A
,
A
d
x,
A
d
y

N
o
n
e

C
y
cl
in
g

L
io
n
et
al
.
[4
0
]

2
0
M
,
4
F
,
o
ff
-r
o
ad

cy
cl
is
ts
,
al
l

le
v
el
s,
IQ

R
2
0
.5

±
6
.9

2
4
M
,
ro
ad

cy
cl
is
t,
al
l
le
v
el
s,

IQ
R

2
2
.1

±
8
.8

A
%

⤒
A
%

⤒
R
o
ad

cy
cl
is
ts

h
av
e
a

p
re
fe
re
n
ti
al

u
sa
g
e
o
f
v
is
u
al

in
fo
rm

at
io
n

D
an
ci
n
g
/

so
cc
er

G
er
b
in
o
et

al
.

[2
2
]

3
2
F
m
o
d
er
n
an
d
cl
as
si
ca
l

d
an
ce

fi
rs
t
le
v
el
,
2
0
.3

±
1
.5

3
2
F
so
cc
er

p
la
y
er
s,
v
ar
si
ty
,

ag
e
1
9
.7

A
⤓,

V
⤓

A
,
V
⤓

D
an
ce
rs

h
av
e
b
et
te
r
st
an
d
in
g

b
al
an
ce

th
an

so
cc
er

p
la
y
er
s
in

so
m
e
te
st
s

D
an
ci
n
g

H
u
g
el

et
al
.

[2
3
]

1
2
F
,
6
M
,
p
ro
fe
ss
io
n
al

d
an
ce
rs

o
f
th
e
N
at
io
n
al

B
al
le
t,
1
6
–
3
7

4
6
,
se
x
N
R
,
h
ea
lt
h
y
,
n
ev
er

re
g
u
la
rl
y
p
ra
ct
ic
ed

an
y
P
A

A
⤓

V
⤒

V
⤒

A
⤓

B
al
an
ci
n
g
sk
il
ls

ca
n
n
o
t
b
e

tr
an
sf
er
re
d
to

ta
sk
s
o
f

ev
er
y
d
ay

li
fe

L
ea
n
d
er
so
n

et
al
.
[7
]

2
6
M
,
2
7
F
,
R
o
y
al

S
w
ed
is
h

B
al
le
t,
2
6

2
3
ac
ti
v
e
M

an
d
F
(2
0
–
2
9
)

A
,
A
d
(M

)
⤓,

A
(F
)

N
o
n
e

D
an
ci
n
g
/t
ra
ck

at
h
le
te
s

S
ch
m
it
et

al
.

[3
3
]

5
F
,
5
M
,
st
u
d
en
t
d
an
ce
rs
,

≥5
y
ea
rs

tr
ai
n
in
g
,
2
0

1
0
tr
ac
k
at
h
le
te
s,
5
M
,
1
9
.5

V
,
A
sd
(x
,
y)

V
,
A
sd

(x
,
y)

D
an
ce
rs

ex
h
ib
it
d
if
fe
re
n
t

d
y
n
am

ic
p
at
te
rn
s
o
f
P
S

S
im

m
o
n
s
[3
4
]

1
7
F
,
in
te
rm

ed
ia
te
,
ad
v
an
ce
d
o
r

p
ro
fe
ss
io
n
al
,
2
1
.4

±
0
.6
8

1
7
m
at
ch
ed

n
o
n
-d
an
ce
rs
,

2
1
.6

±
0
.3
9

A
%

A
%

N
o
d
if
fe
re
n
ce
s
b
et
w
ee
n
g
ro
u
p
s

in
st
at
ic

m
ea
su
re
m
en
ts

F
o
o
tb
al
l

H
an
d
ri
g
an

et
al
.
[5
3
]

9
M
,
2
3
.4

±
1
.3

1
7
M

o
b
es
e
su
b
je
ct
s

3
6
.9

±
7
.7
3
;
1
5
M

co
n
tr
o
ls
,

3
8
.5

±
9
.7
,
b
o
th

g
ro
u
p
s
n
o

re
g
u
la
r
P
A

F
o
o
tb
al
l
v
s.
C
;
V,

R
an

ge
x,

R
an

ge
y
⤒

F
o
o
tb
al
l
v
s.
o
b
es
e;

V
,
ra
n
g
e
y
⤓

R
an
g
e
x

F
o
o
tb
al
l
v
s.
C
;
V
⤒

F
o
o
tb
al
l
v
s.
o
b
es
e;

V
⤓

N
o
n
e

G
en
er
al

ac
ti
v
it
y

A
g
eb
er
g
et

al
.

[1
2
]

3
6
M
,
3
9
F
h
ea
lt
h
y
v
o
lu
n
te
er
s,

2
9
.5

±
8
.2

R
eg
re
ss
io
n
an
al
y
si
s

In
M
;
V
x,
V y
,

A
x
⤓A

y
⤒

In
F
;
A
x
⤓

V
x
V y

A
y
⤒

A
ct
iv
it
y
le
v
el

d
id

n
o
t

si
g
n
ifi
ca
n
tl
y
af
fe
ct

st
an
d
in
g

b
al
an
ce

G
y
m
n
as
ti
cs

A
ss
em

an
et

al
.

[1
7
]

1
3
M

el
it
e,

2
1
.6

±
4

1
3
o
th
er

sp
o
rt
sm

en
re
g
io
n
al

le
v
el

2
2
.1

±
3

V
,
A
⤒

A
⤓,

V
⤓

V
,
A
⤒

V
,
A
⤓

G
y
m
n
as
ts

o
n
ly

sh
o
w

le
ss

sw
ay

in
tr
ai
n
ed

co
n
fi
g
u
ra
ti
o
n
s

G
au
ti
er

et
al
.

[2
1
]

1
2
M
,
n
at
io
n
al
ly

ra
n
k
ed

2
2
.2

±
4
.1

1
2
M

n
o
n
-g
y
m
n
as
ts

ex
p
er
ts

in

o
th
er

sp
o
rt
s,
2
1
.7

±
3
.1

A
sd
y
⤒

N
o
n
e

V
u
il
le
rm

e

et
al
.
[3
6
]

7
M
,[

1
0
y
ea
rs

re
g
io
n
al

o
r

h
ig
h
er
,
2
1
.1

±
1
.3

7
M

so
cc
er

an
d
h
an
d
b
al
l,

ex
p
er
ts
,
2
2
.6

±
2
.1

V
y

V y
N
o
n
e

V
u
il
le
rm

e

et
al
.
[3
7
]

6
M

ex
p
er
ts
,
2
0
.6

±
1
.4

6
M

so
cc
er
,
h
an
d
b
al
l
te
n
n
is
,

ex
p
er
ts
,
2
3
.3

±
1
.5

V
,
R
an
g
e

R
an
g
e
⤒,

V
R
an
g
e
⤒,

V
V,

R
an

ge
⤓

E
O

n
o
d
if
fe
re
n
ce
s.
G
y
m
n
as
ts

le
ss

sw
ay

d
u
ri
n
g
E
C
u
n
ip
ed
al

V
u
il
le
rm

e
an
d

N
o
u
g
ie
r
[3
8
]

7
M

ex
p
er
ts
,
re
g
io
n
al
o
r
h
ig
h
er
,

2
0
.1

±
2
.0

7
M

so
cc
er

an
d
h
an
d
b
al
l.

E
x
p
er
ts
,
2
2
.0

±
3
.6

V
V
⤓

G
y
m
n
as
ts

ar
e
le
ss

d
ep
en
d
en
t

o
n
co
g
n
it
io
n
fo
r
p
o
st
u
ra
l

co
n
tr
o
l

G
o
lf

S
te
m
m

et
al
.

[5
4
]

1
7
M
,
h
an
d
ic
ap

0
–
9
,
m
ea
n
ag
e

al
l
g
ro
u
p
s
(i
n
cl
u
d
in
g

co
n
tr
o
ls
)
3
9
.6

1
6
M

g
o
lf
er
s,
h
an
d
ic
ap

1
0
–
1
6
,

1
9
M

g
o
lf
er
s,
h
an
d
ic
ap

1
7
?

V
V

B
al
an
ce

is
n
o
t
si
g
n
ifi
ca
n
tl
y

d
if
fe
re
n
t
am

o
n
g
g
o
lf
er
s
w
it
h

d
if
fe
re
n
t
sk
il
ls

H. Kiers et al.



T
a
b
le

3
co
n
ti
n
u
ed

S
p
o
rt
/a
ct
iv
it
y

A
u
th
o
r
an
d

y
ea
r

S
p
o
rt
p
ra
ct
it
io
n
er
s
(n
u
m
b
er
,

se
x
,
le
v
el
,
ag
e)

m
ea
n
±

S
D

o
r
ra
n
g
e

C
o
n
tr
o
ls
(n
u
m
b
er
,
se
x
,
ac
ti
v
it
y
,

le
v
el
,
ag
e)

m
ea
n
±

S
D
o
r
ra
n
g
e

E
y
es

o
p
en

b
ip
ed
al

E
y
es

o
p
en

u
n
ip
ed
al

E
y
es

cl
o
se
d
b
ip
ed
al
a

E
y
es

cl
o
se
d

U
n
ip
ed
al
a

A
u
th
o
r’
s
co
n
cl
u
si
o
n
sb

Ir
o
n
m
an

N
ag
y
et

al
.

[2
8
]

1
0
,
3
3
±

7
.6

1
0
fi
re
m
en
,
ac
ti
v
e
in

sp
o
rt
s,
3

ti
m
es

p
/w
,
3
3
±

4
.1

V
,
V
x
⤓

V
y

V
,
V
x
,
V
y
⤓

Ir
o
n
m
an

ar
e
m
o
re

st
ab
le

an
d

le
ss

d
ep
en
d
en
t
o
n
v
is
io
n
fo
r

p
o
st
u
ra
l
co
n
tr
o
l
th
an

th
e

co
n
tr
o
l
su
b
je
ct
s

Ju
d
o

P
ai
ll
ar
d
et

al
.

[5
5
]

1
1
M

1
7
.6

±
0
.3
,
(i
n
te
r)

n
at
io
n
al

le
v
el

9
M

re
g
io
n
al

le
v
el
,
1
7
.4

±
0
.4

V
,
V
x,
V
y,
V
sd
,
A
⤓

V
,
V
x,
V
y,
V
sd
,
A
⤒

N
o
d
if
fe
re
n
ce
s.
V
is
io
n
is

m
o
re

im
p
o
rt
an
t
to

h
ig
h
er

le
v
el

ju
d
o
is
ts

Ju
d
o
/d
an
ci
n
g

P
er
ri
n
et

al
.

[3
2
]

1
7
M
,
ju
d
o
is
t
(i
n
te
r)
n
at
io
n
al
,

2
4
.8

±
4
.5
.
1
4
F
,
d
an
ce
rs

n
at
io
n
al

b
al
le
t,
2
2
.1

±
4
.5

2
1
F
,
2
1
M
,
lo
w

le
v
el

o
f
P
A
,

2
3
.9

±
4
.2

Ju
d
o
v
s.
C
;
V

&
A
/s
⤓V

y
⤓V

x
⤒

Ju
d
o
v
s.
d
an
ce
rs
;
V
,
V
y,
A
/s

⤓V
x
⤒

D
an
ce
rs

v
s.
C
;
V
,
V
y,
A
⤓V

x

Ju
d
o
v
s.
C
;
V

&
A
/s
⤓,

V
y
⤓V

x

Ju
d
o
v
s.
d
an
ce
rs
;
V
x
,
A
/s
⤓,

V
y
⤓

D
an
ce
rs

v
s.
C
;
V
y
⤓,

V
,
A
⤒V

x
⤒

Ju
d
o
is
ts

d
o
b
et
te
r
in

al
l

ci
rc
u
m
st
an
ce
s.
V
is
u
al
in
p
u
t
is

o
f
m
aj
o
r
im

p
o
rt
an
ce

in

d
an
ce
rs

R
h
y
th
m
ic

g
y
m
n
as
ti
cs

C
al
av
al
le

et
al
.

[1
8
]

1
5
F
,
1
8
.4

±
4
.6
,
ex
p
er
ts

4
3
sp
o
rt
s
st
u
d
en
ts
,
F
n
o
ex
p
er
ts
,

2
2
.1

±
5
.6

A
d
x
⤓

A
⤓

A
d
⤓

A
d
y⤒

A
d
x
⤓

A
⤓

A
d
⤓

A
d
y⤒

R
h
y
th
m
ic

g
y
m
n
as
ti
cs

se
em

s
to

h
av
e
a
d
ir
ec
t
ef
fe
ct

o
n
th
e

ab
il
it
y
to

m
ai
n
ta
in

b
ip
ed
al

p
o
st
u
re
,
es
p
ec
ia
ll
y
in

M
L

d
ir
ec
ti
o
n

S
h
o
o
ti
n
g

(i
n
cl
u
d
in
g

b
ia
th
lo
n
)

A
al
to

et
al
.

[1
6
]

8
ri
fl
e,

2
p
is
to
l
sh
o
o
te
rs
,
2
F
,
8

M
,
n
at
io
n
al

te
am

,
3
3
.1

(1
7
–

5
1
)

2
7
so
ld
ie
rs
,
3
4
.1

(1
9
–
5
7
)

V
⤓

V
⤓

T
ra
in
in
g
im

p
ro
v
es

p
o
st
u
re

E
ra

et
al
.
[2
0
]

6
M
,
3
1
.8

±
7
.5
;
3
F
,

2
8
.7

±
5
.1
,
in
te
rn
at
io
n
al
;
8

M
,
n
at
io
n
al
,
2
8
.3

±
4
.8

7
M
,
b
as
ic

k
n
o
w
le
d
g
e
o
f

sh
o
o
ti
n
g
,
3
1
.6

±
5
.3

A
,
V
y,
V
x
⤓

S
y
st
em

at
ic
al
ly

b
et
te
r
p
o
st
u
ra
l

co
n
tr
o
l
in

tr
ai
n
ed

at
h
le
te
s

S
h
o
o
ti
n
g
/

fe
n
ci
n
g

H
er
p
in

et
al
.

[4
3
]

4
F
,
6
M
,
sh
o
o
te
rs
,
n
at
io
n
al

le
v
el
,
IQ

R
1
9
.5

±
2
.8
;
5
F
,
7

M
,
fe
n
ce
rs
,
n
at
io
n
al

le
v
el
,

IQ
R

2
2
±

2
.2

3
F
,
7
M
,
n
o
sp
o
rt
in
g
ac
ti
v
it
ie
s,

IQ
R

2
3
±

1
.3

S
h
o
o
te
rs

an
d
fe
n
ce
rs

v
s.
C
:
V
,
A
⤓,

A
y
⤒

A
x
⤓

S
h
o
o
te
rs

v
s.
fe
n
ce
rs

V
,
A
x,
A
y,
A
⤓

S
h
o
o
te
rs

an
d
fe
n
ce
rs

v
s.
C
:
V
,A

,
A
x
⤓A

y
⤓

(f
en
ce
rs

v
s.
C

A
y)
;

S
h
o
o
te
rs

v
s.
fe
n
ce
rs

V
,
A
,
A
y,
A
x
⤓

B
al
an
ce

co
n
tr
o
l
w
as

m
o
re

ef
fi
ci
en
t
in

fe
n
ce
rs

an
d

sh
o
o
te
rs

K
o
n
tt
in
en

et
al
.
[2
4
]

6
ri
fl
e
sh
o
o
te
rs
,
M
,

in
te
rn
at
io
n
al

le
v
el
,

3
1
.8

±
7
.5

6
ri
fl
e
sh
o
o
te
rs
,
M
,
n
at
io
n
al
,

3
0
.2

±
3
.5

V
x
,
V
y,
A
si
d
e
⤓

E
li
te

sh
o
o
te
rs

sw
ay

le
ss

th
an

n
o
n
-e
li
te
,
m
ai
n
d
if
fe
re
n
ce

in
V y

L
ar
u
e
et

al
.

[2
5
]

2
ri
fl
e
sh
o
o
te
rs
,
M
,
ex
p
er
t,
2
3
;

2
M

b
ia
th
lo
n
ex
p
er
t,
3
2
.5

2
M

b
ia
th
lo
n
n
o
v
ic
e,

2
5
.5
;
2

ri
fl
e
sh
o
o
te
rs
,
M
,
n
o
v
ic
e
2
3
.5

V
,
V
sd

⤓
B
ia
th
le
te
s
an
d
ri
fl
e
sh
o
o
te
rs

ad
ap
t
to

th
e
sp
ec
ifi
c
d
em

an
d
s

o
f
th
ei
r
d
is
ci
p
li
n
e

N
ii
n
im

aa
an
d

M
cA

v
o
y

[2
9
]

4
M

ro
o
k
ie
s,
2
0
.5

±
2
.1
;
4

b
ia
th
le
te
s
M
,
3
0
±

4
;
4

sh
o
o
te
rs

M
,
3
5
±

1
7
.5

4
M
,
2
1
±

0
.8

V
x
⤓;

V
,
V
y
⤓

N
o
n
e

S
u
et

al
.
[3
5
]

6
M

ri
fl
e
sh
o
o
te
rs
,
2
1
.2

(1
7
–

3
0
);
5
F
,
1
6
.8

(1
6
–
1
8
).

O
ly
m
p
ic

le
v
el

1
1
M
,
2
5
.3

(2
4
–
2
8
),
1
1
F
2
2

(2
1
–
2
3
),
co
ll
eg
e
st
u
d
en
ts

V
,
V
m
a
x
⤓A

V
,
V
m
a
x
⤓

A
⤓

S
h
o
o
te
rs

h
av
e
b
et
te
r
st
ab
il
it
y

th
an

u
n
tr
ai
n
ed

co
n
tr
o
ls

S
k
ii
n
g

N
o
é
an
d

P
ai
ll
ar
d
[4
2
]

7
M
,
n
at
io
n
al

le
v
el
,
2
2
±

3
7
M
,
re
g
io
n
al

le
v
el
,
1
8
±

1
A
⤒

V
⤒

A
⤒

V
⤒

N
at
io
n
al

sk
ie
rs

d
is
p
la
y
ed

in
fe
ri
o
r
p
er
fo
rm

an
ce

Physical Activity and Postural Sway



T
a
b
le

3
co
n
ti
n
u
ed

S
p
o
rt
/a
ct
iv
it
y

A
u
th
o
r
an
d

y
ea
r

S
p
o
rt
p
ra
ct
it
io
n
er
s
(n
u
m
b
er
,

se
x
,
le
v
el
,
ag
e)

m
ea
n
±

S
D

o
r
ra
n
g
e

C
o
n
tr
o
ls
(n
u
m
b
er
,
se
x
,
ac
ti
v
it
y
,

le
v
el
,
ag
e)

m
ea
n
±

S
D
o
r
ra
n
g
e

E
y
es

o
p
en

b
ip
ed
al

E
y
es

o
p
en

u
n
ip
ed
al

E
y
es

cl
o
se
d
b
ip
ed
al
a

E
y
es

cl
o
se
d

U
n
ip
ed
al
a

A
u
th
o
r’
s
co
n
cl
u
si
o
n
sb

S
o
cc
er

Ja
k
o
b
se
n
et

al
.

[5
6
]

4
3
M
,
u
n
tr
ai
n
ed
,
2
1
–
4
5
y
ea
rs
,

R
C
T

1
2
so
cc
er
,
1
2
ru
n
n
in
g
,
9
h
ig
h
-

in
te
n
si
ty

in
te
rv
al

ru
n
n
in
g
,

1
0
n
o
tr
ai
n
in
g

S
o
cc
er

v
s.
C
;
V
,
A

⤓
S
o
cc
er

v
s.
in
te
rv
al
,
ru
n
n
in
g
;
V
,
A
⤓

In
te
rv
al

v
s.
C
:
V
,
A

⤓
In
te
rv
al

v
s.
R
u
n
n
in
g
;
V
,
A
⤓

R
u
n
n
in
g
v
s.
C
;
V
⤓,

A
⤓

S
o
cc
er
,
in
te
rv
al
,
an
d
ru
n
n
in
g

re
d
u
ce
d
sw

ay
.

S
o
cc
er

su
p
er
io
r
ch
an
g
es

p
o
st
u
ra
l
co
n
tr
o
l

M
at
su
d
a
et

al
.

[2
7
]

1
0
M

so
cc
er
,
2
0
.8

±
2
.5
;
1
0
M

b
as
k
et
b
al
l
1
9
.6

±
0
.5
;
1
0
M

sw
im

m
in
g
2
0
.1

±
1
.3
.
A
ll

[
6
y
ea
rs

tr
ai
n
in
g

1
0
n
o
n
at
h
le
te
s,
M
,
2
0
.9

±
0
.9

c
S
o
cc
er

v
s.
al
l;
A
x
,
A
y
⤓

S
o
cc
er

v
s.
sw

im
m
in
g
an
d
C
;
V
⤓

S
o
cc
er

v
s.
b
as
k
et
b
al
l;
V

B
as
k
et
b
al
l
v
s.
C
;
V

B
as
k
et
b
al
l
v
s.
sw

im
m
in
g
;
A
y
⤓

B
as
k
et
b
al
l
v
s.
sw

im
m
in
g
an
d
C
;
A
x
⤒

S
o
cc
er

p
la
y
er
s
h
av
e
su
p
er
io
r

b
al
an
ce

in
u
n
ip
ed
al

st
an
ce

M
at
su
d
a
et

al
.

[5
7
]

2
5
M
,
re
g
io
n
al

le
v
el

2
0
.5

±
2

2
5
n
o
so
cc
er

p
la
y
er
s,
M

2
1
.2

±
1
.3

c
V
,
A
x
,
A
y
⤓

c
V
,
A
x
,
A
y
⤓

N
o
n
e

P
ai
ll
ar
d
et

al
.

[3
0
]

1
5
M
,
n
at
io
n
al
,
2
4
±

3
1
5
M

so
cc
er

p
la
y
er
s,
re
g
io
n
al
,

2
3
±

3

V
,
A

⤓
V
,
A

⤓
In

so
cc
er
-s
p
ec
ifi
c
te
st

co
n
d
it
io
n
s,
sp
o
rt
s
le
v
el

in
fl
u
en
ce
d
p
er
fo
rm

an
ce

P
ai
ll
ar
d
an
d

N
o
é
[3
1
]

1
5
M
,
n
at
io
n
al

le
v
el
,
2
4
±

3
1
5
M
,
re
g
io
n
al

le
v
el
,
2
3
±

3
V
,
V
sd
,
A

⤓
V
,
V
sd
,
A

⤓
In
te
n
se

tr
ai
n
in
g
al
lo
w
s
P
R
O

so
cc
er

p
la
y
er
s
to

b
ec
o
m
e
le
ss

d
ep
en
d
en
t
o
n
v
is
io
n

P
ai
ll
ar
d
et

al
.

[5
8
]

8
M
,
n
at
io
n
al

le
v
el
,
2
4
±

3
9
M
,
re
g
io
n
al

le
v
el
,
2
3
±

2
V

⤓,
A

V
⤓,

A
N
at
io
n
al

le
v
el

sh
o
w
ed

b
et
te
r

p
o
st
u
ra
l
co
n
tr
o
l

S
u
rfi
n
g

C
h
ap
m
an

et
al
.

[1
9
]

2
1
M
,
ex
p
er
t
su
rf
er
s,
2
4
.4

±
4

2
0
M

su
rf
er
s,
re
cr
ea
ti
o
n
al

(C
),

2
4
.2

±
3
;
1
9
M

sw
im

m
er
s

an
d
w
at
er

p
o
lo

ex
p
er
ts
,

2
1
.5

±
2

S
u
rf
er
s
v
s.

sw
im

m
er
s;
V
⤒,

A
⤒

S
u
rf
er
s
v
s.
C
;
V
,
A
⤒

S
u
rf
er
s
v
s.
sw

im
m
er
s;

A
⤓V

⤒
S
u
rf
er
s
v
s.
C
;
V
,
A
⤒

S
ta
n
d
ar
d
sw

ay
in
d
ic
es

ar
e
n
o
t

ab
le

to
d
if
fe
re
n
ti
at
e
b
et
w
ee
n

su
rf
er
s
an
d
co
n
tr
o
ls

P
ai
ll
ar
d
et

al
.

[4
1
]

9
M
,
(i
n
te
r)

n
at
io
n
al

le
v
el
,

2
2
.1

±
3
.1

8
M
,
lo
ca
l
le
v
el
,
2
2
.2

±
3
.3

V
⤓,

A
⤓

V
⤓,

A
⤓

(I
n
te
r)

n
at
io
n
al
-l
ev
el

su
rf
er
s

d
id

n
o
t
h
av
e
b
et
te
r
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and Jakobsen et al. [56], which was designed as a ran-

domized controlled trial (RCT). All but one study exam-

ined the effects of various sports activities on PS.

One study used soldiers [16], and another study [28]

used fire-fighters as controls; 11studies [7, 23, 26, 34, 35,

39, 52, 53, 57, 59, 60] used controls who did not practice

any specific sport, nine used participants of other sports as

a control group [17, 18, 21, 22, 33, 36–38, 40], and 12

studies used subjects who participated in the same sports

but at a different level from controls [20, 24, 25, 30, 31, 41,

42, 54, 55, 58]. Six studies had two or more control groups.

These groups consisted of participants practicing other

sports and non-sport practitioners [27, 43, 56], sport prac-

titioners practising the same sport but at another level,

controls not participating in any sport [29, 32], practitio-

ners of the same sport but at a different level, and a group

practicing another sport [19].

Bipedal stance with eyes open was the most common

condition, used in 32 studies [16–21, 23–25, 28–43, 53–55,

57–60]. Bipedal stance with eyes closed was used in 25

studies [16–19, 23, 26, 28, 30–37, 39–43, 53, 55, 58–60].

Unipedal stance with eyes open was used in 13 studies

[7, 12, 17, 22, 26, 27, 30, 37, 38, 52, 54, 56, 57], in four of

which the participants also had to close their eyes in uni-

pedal stance [17, 22, 30, 37]. Four studies measured PS

during a shooting task [20, 24, 25, 29].

3.1 Outcome Variables

Velocity-related (31 studies) and area-related (32 studies)

variables were used to a similar extent. Six studies [18, 27,

28, 30, 55, 58] computed Fourier transformations to

examine sway in various frequency bands. Three of these

six studies, all conducted by the same researcher, used the

same frequency bands [30, 55, 58]. Other researchers dif-

fered in their choice of frequency bands. One study [33]

examined sway dynamics by recurrence quantification

analysis (RQA).

3.2 Methodological Aspects

Fourteen studies did not report any data about weight or

height of the participants [16, 23, 25, 26, 32, 33], or

reported a significant difference between control and

experimental groups on one or more of these items [7, 17–

20, 22, 59]. This was particularly a problem in studies

among dancers, in which only one of five studies [34]

reported that differences in anthropometric and demo-

graphic variables were not significant. One study reported a

significant difference in weight [22], one study a significant

difference in height [7], and the other two [23, 33] did not

report on anthropometric variables.T
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b
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In 24 of the 39 studies in this review, a measurement

time shorter than 60 s was used; 18 of these 24 used a

measurement time of 30 s or less. Five studies in this

review [7, 18, 27, 29, 52] used measurements of 60 s or

more, and nine studies [12, 33, 34, 39, 40, 53, 56, 57, 59]

used average results from multiple measurements that

resulted in a total measurement time of 60 s.

In 20 studies [16, 20, 24, 25, 27–29, 33, 36–38, 41, 42,

52, 53, 55, 56, 58, 60], the sample size of the experimental

group was smaller than ten, which increases the risk of a

type II error. In ten studies, no level of PA was reported,

and another ten studies reported that the level of PA dif-

fered significantly between groups.

3.3 Results in Different Physical Sport Activities

3.3.1 Shooters

Shooters consistently had lower sway velocity than controls

in the seven studies included in this review. In Niinimaa and

McAvoy [29] and Herpin et al. [43], the lower velocity in

experienced shooters did not reach statistical difference from

that of controls. In both studies, a small sample size was used

(respectively, n= 8 and n = 10). Su et al. [35] found one of

eight velocity variables did not significantly differ between

groups, but was still lower for shooters.

The same pattern as for sway velocity was seen for area-

related variables. Two of four studies found significantly

lower values for (more experienced) shooters [20, 24]. All

three studies conducted in subjects with closed eyes found

lower CoP velocity for shooters than for controls [16, 35,

43], and one [43] of two [35, 43] found a significantly

smaller area travelled. In a comparison with fencers, no

differences were detected between groups, either with eyes

open or eyes closed [43].

Two studies measured velocity and area as a function of

time during a shooting task. LaRue et al. [25] found sway

to decrease with time to the actual shot for all subjects. Era

et al. [20] found the same decrease in sway, but only for

shooters. In four of the seven studies, participants were not

measured in standard static bipedal stance, but in a stance

with the upper body rotated towards a target according to

the shooting position.

3.3.2 Soccer

In all five studies that compared soccer players with controls,

soccer players showed lower sway velocity and smaller area

[27, 30, 31, 57, 58]. These differences were statistically

significant in bipedal stance with eyes open [31, 57, 58] or

eyes closed [31, 58], and in unipedal stance with eyes open

[27, 30, 57] and with eyes closed [30]. There was a minority

of non-significant differences in these studies (area in bipe-

dal stance eyes open and closed [58], velocity in unipedal

stance [27]), and soccer players did not showmore sway than

controls for any condition or variable.

In two studies, soccer players were compared with other

athletes: basketball players, swimmers [27], and dancers

[22]. In unipedal stance with eyes open, soccer players

showed a smaller sway area than basketball players [27]

and swimmers [27], but a larger sway area than dancers

[22]. Differences in sway velocity were not significant in

these studies. In unipedal stance with eyes closed, differ-

ences in sway velocity also became non-significant [22].

The groups were comparable with respect to age, height,

and weight. In addition to this, Matsuda et al. [57], found

soccer players to show significantly less sway when

standing on the non-dominant leg than on the dominant leg.

In this study, the non-dominant leg was defined as the

weight-bearing leg in kicking. This difference between legs

was only noted in soccer players, not in controls. The only

RCT included in this review [56] administered soccer

training to the experimental group three times a week for

3 months. Control groups received interval running, mod-

erately intense running, or no training. Soccer training was

superior in reducing PS compared with all control groups.

3.3.3 Dancing

Dancers showed less sway with eyes open than controls [7]

and soccer players [22] in bipedal stance in one [23] of three

studies [23, 32, 34], and less sway in two studies in unipedal

stance.With eyes closed, dancers swayedmore than controls

[23] or practitioners of other sports [32], while no significant

differences were detected with controls [32, 34] or practi-

tioners in other sports [22, 33] in the remaining comparisons.

No study found a significantly lower sway for dancers

with eyes closed [22, 23, 32–34].

3.3.4 Gymnastics

In bipedal stance, no significant differences were found

between gymnasts and experts in other sports [21, 36–38]

and gymnasts and controls (practitioners of other sports at a

lower level [17]), either with eyes open, or with eyes

closed. In unipedal stance with eyes open, one of three

studies [17, 37, 38] found a significantly smaller sway area

for gymnasts than for controls [17], while the two other

studies did not detect significant differences between

gymnasts and experts in other sports. In unipedal stance

with eyes closed, the opposite was found: no significant

differences with controls [17], and a significantly smaller

and slower sway than experts in other sports [37].

H. Kiers et al.



In bipedal stance with eyes open and eyes closed, female

rhythmic gymnasts showed a significantly smaller sway

area in the medio-lateral (ML) direction, but a larger area

in the anterior–posterior (AP) direction than female non-

expert sport students [18]. The rhythmic gymnasts were

substantially shorter and lighter than controls.

3.3.5 Tai Chi

Tai Chi practitioners were compared with controls, and

showed less sway in all conditions. Three studies [26, 39, 60]

were conducted in bipedal stance with eyes open and eyes

closed, and one study [26] in bipedal stance with eyes open.

The largest differences were found in unipedal stance. The

magnitude of the differences between Tai Chi practitioners

and controls was comparable in eyes open and eyes closed

conditions in all studies.

3.3.6 Judo

Judoists were compared with controls in two studies [32,

55], both using the bipedal stance. With eyes open, judoists

swayed less in both studies, although in the study by

Paillard et al. [55], the difference was not significant.

Perrin et al. [32] found that, with eyes closed, judoists still

had a slower and smaller sway than controls, but Paillard

et al. [55] found that top judoists showed more and faster

sway than judoists at a regional level. The differences in

the comparisons by Paillard et al. [55] were not significant,

but the interaction between condition and group was. This

led the authors to the conclusion that top judoists are more

dependent on vision than are controls. The control group

used in this study consisted of nine judoists who practiced

their sport at a lower level, but with the same amount of

training (10–14 h per week).

Perrin et al. [32] also compared top-level male judoists

with top-level female dancers. There were no or only small

non-significant differences seen with eyes open, but, with

eyes closed, judoists swayed significantly less than dancers.

3.3.7 Surfing

Sway variables in surfers, in bipedal stance with eyes open

and with eyes closed, were not significantly different from

controls [19, 41]. Surfers were studied in bipedal stance

Table 4 Main findings in comparisons of sport practitioners with control groupsa

Sport Bipedal eyes open Unipedal eyes open Bipedal eyes closedb Unipedal eyes closedb

Less ns More Less ns More Less ns More Less ns More

Shooting 5 (37) 2 (14) 3 (31)

Soccer 3 (48) 4 (62) 2 (23) 1 (15)

Tai Chi 3 (47) 1 (19) 3 (47)

Judo 1 (17) 1 (11) 1 (17) 1 (11)

Dancing 1 (18) 2 (31) 1 (53) 1 (17) 2 (32)

Gymnastics 1 (13) 1 (13) 1 (13) 1 (13)

Fencers 1 (12) 1 (12)

Taekwondo 1 (11) 1 (11)

Triathlon 1 (10) 1 (10)

Rhythmic Gymnastics 1 (15) 1 (15)

Surfing 2 (30)

Golf 1 (17) 1 (17) 1 (17)

Interval 1 (9)

Running 1 (12)

Basketball 2 (19) 2 (19)

Physical Activity 1 (75) 1 (75)

Football 1 (9) 1 (9)

Skiı̈ng 1 (7) 1 (7)

a Main findings in velocity- and amplitude-related variables. Sports compared with control groups with no specific physical activities, or lower

level of the same or other sports. Presented are number of studies and (total number of subjects in the sporting groups). Comparisons were

considered as less or more sway when one or more of the outcomes significantly differed
b Eyes closed, or vision occluded

ns comparisons without significant differences, or with conflicting differences

Physical Activity and Postural Sway



with eyes open and with eyes closed. Compared with

swimmers, surfers maintained their balance with eyes open

with significantly higher sway velocity [19]. With eyes

open, surfers showed more sway as expressed in area- and

velocity-related variables than swimmers/waterpolo play-

ers and lower-level surfers [19]. The difference in sway

velocity with swimmers was significant, but not with eyes

closed. Anthropometric differences were of advantage for

surfers in comparison with swimmers/waterpolo players.

3.3.8 Running

Nagy et al. [28] compared ten triathletes with ten physi-

cally active firemen. After adjustment for relevant con-

founders, triathletes showed a lower total sway velocity

and lower velocities in ML and AP directions, but only

with eyes closed. Running as an intervention was used in

an RCT to compare the effect of interval running, soccer

training, and no training [56]. All three training modalities

led to a lesser sway over a period of 12 weeks, but the size

of the effect was the largest and most consistent over all

sway variables in the group that received soccer training.

3.3.9 Other Sports

Basketball players did not differ significantly from non-

sport practitioners [27, 52] and had more sway than soccer

players [27]. American football players showed sway

levels (velocity and range) comparable to those of obese

controls with similar weight, but significantly more than

lighter, non-obese controls [53]. Sway velocity of 52

golfers of three different levels, grouped by ‘golf handi-

cap’, was assessed by Stemm et al. [54]. There were no

differences in sway velocity between groups, either in

bipedal condition, or in unipedal conditions. Road cyclists

showed less sway bipedal than off-road cyclists when

visual information was available [40]. With closed eyes,

the groups no longer differed. Noé and Paillard [42]

compared skiers from different levels with each other.

Skiers at a national level showed higher velocity and larger

area than skiers at the regional level. The differences

were significant in area but not in velocity. In an addi-

tional condition, wearing ski boots and standing in a ski-

ing position, the effect of expertise reversed: top-level

skiers showed less sway on both parameters, although this

was not statistically significant. Finally, in Taekwondo

Table 5 Main findings in comparison with sport practitioners of similar level from different sportsa

Bipedal eyes open Unipedal eyes open Bipedal eyes closedb Unipedal vision

occludedb

Less swayc Dancing vs. soccer n = 32 [22]

Soccer vs. basketball and

swimming n = 10 [27]

Judo vs. dancing

n = 14 [32]

Gymnastics vs. OS

n = 6 [37]

Inconclusive Judo vs. dancing n = 14 [32]

Gymnastics vs. OS n = 12

[21], 7 [38], 6 [37], 7 [36]

Dancing vs. track athletes

n = 10 [33]

Shooters vs. fencers

n = 10 [43]

Gymnastics vs. OS

n = 6 [37], 7 [38]

Basketball vs. swimming

n = 15 [27]

Interval vs. running

n = 9 [56]

Gymnastics vs. OS

n = 6 [37], 7 [36]

Dancing vs. track

athletes n = 10 [33]

Surfing vs. swimming

n = 21 [19]

Off-road vs. road

cycling n = 20 [40]

Shooters vs. fencers

n = 10 [43]

Dancing vs. soccer

n = 32 [22]

More sway Surfing vs. swimming n = 21

[19]

Off-road vs. road cycling

n = 20 [40]

a Main findings in velocity- and amplitude-related variables. The sport mentioned first is the sport of interest in the original study. Comparisons

were considered as less or more sway when one or more outcomes significantly differed. Comparisons without significant differences or with

conflicting differences were classified as inconclusive. Numbers refer to the number of subjects in the sporting group
b Eyes closed, or vision occluded
c Less sway indicates smaller CoP velocity or amplitude

OS indicates experts in other sports; [21] experts in handball, track and field, volleyball, table tennis, and football [36] [38]; experts in soccer and

handball, [37]; experts in soccer, handball, and tennis

H. Kiers et al.



practitioners in bipedal stance, a smaller sway amplitude

than in non-active controls was found, but this difference

was only significant in the eyes closed condition.

3.3.10 General Activity

Ageberg et al. [12] performed two regression analyses,

stratified for men and women, with PA in general, weight,

and age as independent variables. They corrected for

relevant confounders. In a sample of 75 healthy volunteers,

they found no association between PA and PS.

4 Discussion

This systematic review identified 39 studies that investi-

gated the relationship between (sport) activities and PS in

non-perturbed standing. The main conclusion was that, in

general, sport practitioners sway less than controls, and

high-level athletes sway less than low-level athletes.

Additionally, we identified specific effects dependent on

the use of vision, sport-specific postures, and frequency and

duration of the (sports) activity.

For every sport or activity, the direction of the signifi-

cant differences in PS was the same for all conditions. A

consistent exception was dancing, in which, with eyes

open, dancers tended to show lesser sway than controls and

practitioners in other sports, but more sway with eyes

closed. A similar interaction was found in a comparison of

judoists of different levels.

This is in contrast to the intuitive assumption that the

balance-challenging positions and movements that dancers

perform should lead to less sway. However, postural con-

trol depends on the integration of visual, proprioceptive,

and vestibular signals. Dependent on the task, the postural

control system can weigh sources of information, making

the control system ‘task specific’. In dancing, visual

information is a very rich source of information. Visual

dominance in sensorimotor integration has previously been

proposed to explain findings in dancers [32]. Vision is also

a more dominant information source in on-road cycling

than in off-road cycling [40]. On-road cyclists indeed

showed less sway than off-road cyclists when visual

information was available [40], but this better performance

diminished when the eyes were closed. Top judoists also

seem to depend more on vision than do judoists at a

regional level [55], although Perrin et al. [32] found

judoists to show less sway than controls who exhibited a

low level of PA in both eyes open and eyes closed con-

ditions. We suggest that all balance control systems, visual,

proprioceptive, and vestibular, are used in judo, but that the

emphasis is on the visual system. For most sports, practi-

tioners depend on proprioceptive and vestibular signals as

the primary sources of information. Practitioners of Tai

Chi, fencing, taekwondo, and soccer showed, in bipedal

stance with eyes open, non-significant differences or less

PS than controls. With eyes closed or in unipedal stance,

when proprioceptive and vestibular information becomes

more important, significant differences stayed significant,

and non-significant differences became significant.

The role of vision in gymnastics is less clear. Visual cues

can be an important part of gymnastics in some apparatus

(i.e., floor and vault), but the emphasis is on proprioceptive

and/or vestibular signals in the pommel horse, rings, and

bars. Results in gymnasts are all non-significant in bipedal

stance, but results in unipedal stance are not consistent. One

study only found significant differences with eyes open [17],

not with eyes closed, and another study only found signifi-

cant differences with eyes closed, not with eyes open [37].

In both studies, gymnasts were compared with practitioners

of other sports. These findings led to contradictory conclu-

sions about the role of vision in gymnastics. A third study

only used the eyes open condition and found no differences.

We therefore can only conclude that gymnasts possibly have

a reduced PS in unipedal stance.

These findings suggest that balance abilities are specific

to a particular task, a hypothesis first posed by Henry [46].

We found more indications that the specific characteristics

of a sport or activity cause the varied results in our review.

In shooting, bipedal stance with visual focus on the target

is the practised position. The positive effect that standing

still has on shooting performance is reflected in the direct

relationship between the amount of sway and performance,

which has been shown in novice shooters [20, 61]. In all

included studies, shooters showed less sway, although

the difference was not always significant. Specificity of the

requirements of the sport was further emphasized by the

finding that high-level shooters showed a significant

reduction of PS the closer the measurement was to the

firing of the shot [20, 25]. Era et al. [20] also observed a

more pronounced sway among naive shooters in less

successful trials. No studies were performed in conditions

other than bipedal stance. To confirm the ‘specificity

hypothesis’ for shooters, studies in which shooters are

compared with sport practitioners in non-sport-specific

conditions (e.g. unipedal) will be of value.

Besides the systematically reviewed conditions, several

other tests that have been performed in the included studies

strengthen the idea of a condition- and task-specific rela-

tionship between activities in sport and PS. Differences

between shooters and controls increased when an aiming

position was taken [29], and for soccer players on seesaws,

smaller effect sizes were found for national-level than for

regional-level soccer players [30]. This led Paillard et al.

[30], to the conclusion that better performance is only seen

in soccer-specific test conditions. In another study, national-
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level skiers showed more sway than regional-level skiers. In

a position that reflected the specific sports activity, wearing

skiboots and standing in a 100° knee angle, the differences

between groups vanished [42]. Furthermore, better postural

control in (inter)national level surfers than in regional level

surfers, only became manifest on an unstable surface [41].

In soccer players, specificity of the sports activity was even

seen in a comparison between the legs. Differences between

national- and regional-level soccer players were signifi-

cantly larger when standing on the non-dominant leg [57].

Running, and activity in general, can be considered as an

activity that requires only small balance capacities. Ageberg

et al. [12] did not find an effect of PA in general, but Nagy

et al. [28] found that triathletes showed lower sway velocity

with eyes closed than physically active fire-fighters. The

most striking difference between these two studies is the

extremely high level of PA in the group of triathletes. These

findings are in line with the study by Jakobsen et al. [56],

which was the only included study with an RCT design. In

this study, a training program consisting of 12 weeks con-

tinuous endurance running led to small and not always

significant minimizing effects on sway velocity and area,

while a training program consisting of high-intensity inter-

val training led to larger and significant effects on PS.

However, both programs had significantly less effect on

sway than a soccer training program. An explanation for the

findings in these studies could be the influence of duration

and intensity on the effect on PS. Although running does not

require many balance-challenging tasks, when practised for

long and intensively enough, there still seems to be an effect

on PS. In our review, ten studies noted significant differ-

ences in PA level, and ten studies did not report the PA level

of participants. This poses a potential threat to the validity of

our conclusions. In our opinion, the chances of confounding

in this review are not large, because PA levels are most

likely not as extreme as in triathletes, most of these studies

examined sports that were also included in studies with no

significant differences in PA between groups, and in some

cases even more sway was measured for the group with the

highest PA level [23]. However, future studies into the

specific effects of a sport or activity should take equality of

PA between the groups into account.

Next to practising a sport, the differences in PS could

also have a genetic or developmental cause. Perhaps the

capacity to control PS in a specific condition is a pre-

requisite to becoming a high-level athlete. This review

cannot sufficiently distinguish between cause and conse-

quence. Only one prospective RCT was included, which

did support an effect of sports activity on PS. On the other

hand, Paillard et al. [55] used a design in which the higher

level of sports practice in one of the studied groups was

likely due to being more talented and not the result of

practice. In this study, judoists in both groups trained for

the same amount of time, but only differed in level of

competence. With a sample size of 11 judoists, they found

an almost significant advantage for the higher level judoists

with eyes open, which disappeared when eyes were closed.

Of all studies, 37 % detected significant differences in

bipedal stance with eyes open, 68 % in unipedal eyes open,

55 % in bipedal eyes closed, and 50 % of just four studies in

unipedal stance with eyes closed. Furthermore, in all sports

that were investigated in bipedal stance with eyes open, dif-

ferences between sport practitioners and controls were rep-

licated in more challenging conditions (unipedal or eyes

closed; soccer, judo, golf, football, skiing), or more pro-

nounced (shooting, TaiChi, gymnastics, fencing, taekwondo,

triathlon). This suggests that bipedal standing quietly on a

solid surface, bipedal, with eyes open is not a challenging

enough task to detect small differences in PS between groups

of sport practitioners. There is another indication that sup-

ports this hypothesis. In some of the included studies,

manipulations of the standing surface, surroundings, or dis-

traction of the participant were performed as an extra task.

Almost every extra task resulted in larger differences between

sport practitioners and controls. Only one study did find

results in standing but not in a more challenging condition,

imposed by using a seesaw device [30].

In light of this evidence, more challenging tasks, like

standing on foam or standing in unipedal stance, should be

considered in addition to the standard bipedal task.

Additional to a more challenging task, it seems plausible

that the kind of verbal instruction also at least partly

determines the amount of sway. Seven of the 39 studies in

this review did not report which instruction was given. To

make future studies more comparable, it is advisable that

participants are told to stand as still as possible or at least

that the specific instruction is reported. With respect to

sensitivity, no conclusion can be drawn about the differ-

ences between area- and velocity-related variables.

Six included studies [17, 19, 28, 30–32, 34] stated

explicitly that lower velocity or area in PS in normal stance

corresponds with better postural control. It is questionable

whether this assumption is true by definition.

Human sensory systems are better equipped to register

changes in information than to cope with unchanging

conditions and therefore richness of information might

increase the stability and adaptability of the postural sys-

tem [62]. In a completely static posture, without any

movements of the body, there is less information available

to guide the motor system in accomplishing the complex

balance task of standing upright. Hence, sway might be

seen as an adequate solution in quasi-static conditions and

maybe the variation in the structure of PS provides a better

indicator for ‘dynamic balance’ capacities. Among the

studies included in this review, only Schmit et al. [33]

analyzed the structure of the PS by means of RQA. They
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compared student dancers with track athletes and in

contrast with standard measures of PS in bipedal stance,

non-linear variables strongly differentiated dancers from

controls. Dancers showed less regular patterns of sway.

Previous research in a population with patients with Par-

kinson’s disease [63] and stroke [64], and research among

sport practitioners by means of accelometry [65], suggests

that less regular patterns of sway are a characteristic of

increased postural stability. Analyzing the regularity of the

CoP pattern does not require extra effort in the experi-

mental setup. Therefore, it seems worthwhile to also per-

form non-linear analyses in future studies.

This reviewexposed some limits of comparative studies on

PS. One of these is the duration of the trial. Reliability of

postural stability measures increases with an increase in

length of the trial, or by averagingmore than one trial [66, 67].

Carpenter et al. [67] advised a measurement duration from 60

to 120 s. Of the 39 included studies, 18 used a measurement

time of 30 s, which could have led to type II errors.

Most studies did not report raw data per tested condition

(i.e. means and standard deviations) or effect sizes.

Therefore a meta-analysis could not be performed, while

the similarity of experimental set ups and populations

would have made a meta-analysis meaningful.

5 Conclusion

This review demonstrates that, in general, sport practitioners

sway less than controls in unperturbed stance. An additional

effect of activity on PS is specific for the activity or sport that

is being performed. The use of vision, sport-specific postures,

and frequency and duration are important characteristics that

determine the effect of sports activity on PS in standing.

Sway area and velocity in unperturbed bipedal stance

appear to have limited sensitivity to detect subtle differ-

ences between groups of healthy people. Other conditions,

like standing on foam or unipedal stance, should be used

when healthy people are studied.
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