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Sitting for prolonged periods of time increases seating interface pressures, which is known to increase the risk of developing pressure
ulcers. ose at risk of developing pressure ulcers are advised to perform pressure relieving movements such as “pushups” or
“forward leans” in order to reduce the duration andmagnitude of pressure acting on the vulnerable ischial tuberosity region.e aim
of this review was to synthesize and critique the existing literature investigating the effectiveness of pressure relieving movements
on seating interface pressures.e twenty-seven articles included in this paper highlight the need for further research investigating
the effect of recommended pressure relievingmovements on the pressures around the ischial tuberosities. Furthermore, this review
found that the majority of individuals at risk of developing pressure ulcers do not adhere with the pressure relieving frequency or
magnitude of movements currently recommended, indicating a need for pressure ulcer prevention to be explored further.

1. Introduction

Sitting for prolonged periods of time is thought to increase
the risk of developing pressure ulcers [1, 2]. Sitting forces the
weight of an individual against the supporting seat surface
which compresses the so tissues around the buttock area
between the chair and the bony ischial tuberosities. is
pressure causes an obstruction of blood �ow that when com-
bined with limited movement, poor sensation, malnutrition,
and increased age can eventually lead to ulceration [3–5].
ese severe, yet usually preventable wounds are relatively
common, spanning acute, rehabilitation, and community
settings [6, 7], as such, the treatment of pressure ulcers
is considered to outweigh the social and �nancial costs
associated with prevention [7].

One of the most effective preventative methods in terms
of cost and pressure relief is regular repositioning [8]. Within
rehabilitation, individuals at risk of developing pressure
ulcers are taught and encouraged to perform regular repo-
sitioning movements in order to redistribute the build-up
of pressure around the ischial tuberosity and sacral regions.
ese repositioning movements include vertical pushups,
lateral and forward leans. Occupational therapists being

responsible for seating and postural care are ideally placed
to educate the individual and their carers on good skin
health and the importance of relieving pressure at the seating
interface regularly [9].

Currently, individuals “at risk” are advised to change their
posture by performing pressure relievingmovements as oen
as every 15 to 30minutes [10, 11]. However, the evidence that
these pressure relieving movements effectively redistribute
pressures between the individual and the seating surface,
known as seating interface, has not been explored. e aim
of this review was to synthesize and critique the existing
literature on the effectiveness of pressure relieving activities
on seating interface pressures.

2. Materials andMethods

An electronic search using a range of databases (AMED,
CINAHL, Cochrane, Embase, and Medline) was conducted
for the years 2002–2012. A combination of keywords was
used including seating; sitting; interface pressure; pressure
ulcer; decubitus ulcer; activities of daily living; movement;
pressure relief; posture; weight shi; reposition; tilt and
recline.
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Articles were selected if they were written in English and
described experimental research in which functional body
movement (both passive and active) was manipulated and
seating interface pressures were measured. Studies which did
not investigate pressure relieving movements or activities
were excluded. No limits were enforced on the type or age
of participants included in each study.

Initial database searches identi�ed 4225 articles. Appli-
cation of exclusion criteria reduced the number of articles
to 134, which were further reduced to 25 by removing
duplicates. An extensive review of the reference list of each
included publication and hand searching identi�ed 2 relevant
articles.�e search procedure identi�ed 27 studies (Figure 1)
that met criteria for inclusion in this review summarised in
Table 1.

Healthy, able-bodied individuals can sit for lengthy peri-
ods without developing pressure-related injuries. Two studies
measuring the frequency of seated movements found that
able-bodied individuals, with no or little risk of developing
pressure ulcers, make considerably more seated postural
movements than the rate of seated postural movements
recommended by theNational PressureUlcer Advisory Panel
[44].

Linder-Ganz et al. [23] identi�ed that on average, 10 able-
bodied participants, seated in a standard wheelchair, changed
posture by approximately 15∘ every 9±6minutes and 8∘ every
6 ± 2 minutes in the sagittal and frontal planes, respectively.
Unfortunately the value of seated postural movements for
relieving or redistributing pressure at the seating interface
was not recorded or documented by Linder-Ganz et al. [23];
however, a later study [32] reported that frequent postural
movements when seated altered interface pressure and can
restore blood �ow, thus facilitating tissue health. �is study
found that 19 healthy able-bodied male subjects changed
their posture on average 7.8±5.2 times an hour in the frontal
and sagittal planes when sitting in a wheelchair. Additionally,
with each posture change, subcutaneous oxygen saturation
increased on average by 2.2 ± 2.4% [32].

Despite reporting that seated movements affected inter-
face pressures, Reenalda et al. [32] did not document the
actual changes in interface pressure. However, it can be
deduced that a decrease in interface pressure occurred during
posture shis which allowed tissue oxygenation and perfu-
sion to occur [3].

Although both studies report a favourable outcome for
encouraging frequent postural movements to individuals at
risk of developing pressure ulcers, their �ndings are limited
to the results of able-bodied individuals, with healthy tissue;
therefore, results are not generalisable to the wider popu-
lation or those most at risk of developing pressure ulcers.
Furthermore, it could be argued that the high rate of seated
movements reported may have been to alleviate discomfort
which is associated with high interface pressures [45] or
unease of sitting in a chair of unusual choice for an able-
bodied individual and fatigue from sitting over 60 minute
[32] to 90 minute [23] period without any lower extremity
movement [46]. However, both studies report similar rates
of seated postural movements performed by healthy able-
bodied individuals, which is in contrast to the rate of pressure

4225

134

25

+2

27

• Total articles

identified

• Total of articles after

applying exclusion

criteria

• Total after removal of

duplicate articles

• Articles found through hand

and reference list searching

• Total relevant articles identified

F 1: Flow diagram of search strategy.

relieving movements recommended to [44] and performed
by those most at risk [43].

Yang et al. [43] demonstrated the infrequency with
which 20 community dwelling manual wheelchair users with
SCI engaged in pressure relieving movements, by remotely
monitoring their daily sitting behaviours over a one-week
period. Manual wheelchair users were found to spend an
average of 9.2 hours (median 9.7, range 3.2–12.2 hours)
per day in their own wheelchair and the average pressure
relieving frequency was 9.4 times a day. Considering pressure
relieving behaviour was de�ned as any li off activity lasting
longer than 10 seconds, [43] and as it has been reported that
tissue reperfusion rates for this population can take up to
300 seconds [24], the quality of the movements in relation
to pressure relief is questionable, thus illustrating the rarity
of pressure relieving movements performed. Additionally,
the average time of uninterrupted sitting was around 97
minutes (median 62, range 24–284), which indicates that
participants in this study did not adhere to pressure relieving
recommendations of relieving seated pressures as oen as
every 15 minutes [44].

It is of note that not all of the participants in this
study used a pressure redistributing cushion despite the
participants having a diagnosis of paraplegia (𝑛𝑛 𝑛 𝑛𝑛) or
tetraplegia (𝑛𝑛 𝑛 9) which would indicate that they were
at increased risk of ulceration. Interestingly, participants
with pressure redistributing cushions (𝑁𝑁 𝑛 𝑛6) showed a
signi�cant increase in uninterrupted sitting time (𝑃𝑃 𝑛 𝑃.𝑃29)
than those without pressure redistributing cushions (𝑁𝑁 𝑛
4) [46]. Considering that cushions, like human tissue, need
a recovery period of off loading to return to their original
form before they can be put under stress again highlights
the increased level of risk that some of the participants were
exposed to by not frequently engaging in pressure relieving
movements.

Similarly, results from postal questionnaires investi-
gating the preventative health behaviours and perceived
risk of developing pressure ulcers of community dwelling
wheelchair users [39] and persons with spinal cord injury



Nursing Research and Practice 3
T



1:
D
at
ae

xt
ra
ct
io
n
ta
bl
e.

Au
th
or

A
im

D
es
ig
n

Sa
m
pl
e

Ac
tiv

ity
Ch

ai
rt
yp
e

In
te
rfa

ce
pr
es
su
re

m
ea
su
re
m
en
t

O
ut
co
m
em

ea
su
re
s

Bl
oe
m
en
-V
re
nc
ke
n
et

al
.,
20
07

[1
2]

To
de
sc
rib

et
he

he
al
th

be
ha
vi
ou

ro
fp

er
so
ns

w
ith

sp
in
al
co
rd

in
ju
ry
(S
C
I)
liv
in
g
in

th
e

co
m
m
un

ity
an
d
th
e

re
la
tio

ns
hi
ps

be
tw
ee
n

he
al
th

be
ha
vi
ou

r,
re
sp
on

de
nt
/in

ju
ry

ch
ar
ac
te
ris

tic
s,
an
d

he
al
th
-r
el
at
ed

va
ria

bl
es

Po
sta

ls
ur
ve
y

𝑁𝑁
𝑁
𝑁𝑁
𝑁

Q
ue
sti
on

na
ire


eS

pi
na
lC

or
d
In
ju
ry

Li
fe
sty

le
Sc
al
e(
SC

IL
S)

[1
3]
.

eG
en
er
al
H
ea
lth

sc
al
eo

ft
he

SF
-3
6
[1
4]
.


eD

ut
ch

qu
es
tio

nn
ai
re

ve
rs
io
n
of

th
eB

ar
th
el

In
de
x
(P
os
te
ta
l.,
19
95
)

C
og
gr
av
ea

nd
Ro

se
,

20
03

[1
5]

To
ex
pl
or
ei
fa

tr
ad
iti
on

al
pr
es
su
re
re
lie
f

of
15
–3

0
se
co
nd

sw
as

an
eff
ec
tiv

ep
re
ss
ur
er

eli
ef

Re
tro

sp
ec
tiv

e
re
vi
ew

𝑁𝑁
𝑁
𝑁𝑁

Ti
ss
ue

ox
yg
en
at
io
n

m
ea
su
re
d
in

sit
tin

g
po

sit
io
n
(lo

ad
ed
)a

nd
du

rin
g
pr
es
su
re

re
lie
f

(u
nl
oa
de
d)

to
in
ve
sti
ga
te

th
ed

ur
at
io
n
of

pr
es
su
re

re
lie
fr
eq
ui
re
d
fo
rl
oa
de
d

Tc
PO

2
to

re
co
ve
rt
o

un
lo
ad
ed

le
ve
ls

Pa
rt
ic
ip
an
ts’

ow
n

w
he
el
ch
ai
r


eO

xf
or
d
Pr
es
su
re

M
on

ito
r,
(T
al
le
y
G
ro
up

Lt
d)

Ti
m
es

pe
nt

in
pr
es
su
re

re
lie
f;

Tr
an
sc
ut
an
eo
us

ox
yg
en

te
ns
io
n

D
in
g
et
al
.,
20
08

[1
6]

To
ex
am

in
eh

ow
in
di
vi
du

al
su

se
d

po
w
er
ed

w
he
el
ch
ai
r

fu
nc
tio

ns
du

rin
g
ty
pi
ca
l

A
D
L

Ca
se

se
rie

s
𝑁𝑁
𝑁
𝑁𝑁

Re
m
ot
em

on
ito

rin
g
of

da
ily

ac
tiv

ity
1-
2
w
ee
ks

Pa
rt
ic
ip
an
ts’

ow
n

w
he
el
ch
ai
rw

ith
pr
es
su
re

re
lie
vi
ng

cu
sh
io
n

Se
at
in
g
Fu

nc
tio

n
D
at
a

Lo
gg
er

(D
in
g
et
al
.,
20
08

[1
6]
)

Fo
rc
eS

en
so
ry

A
rr
ay

Pr
es
su
re

m
ap
pi
ng

sy
ste

m
(V
ist
aM

ed
ic
al
,

W
in
ne
ip
eg
,C

an
ad
a)

Se
at
in
g
fu
nc
tio

n
us
ag
e;

oc
cu
pa
nc
y
tim

e;
fre

qu
en
cy

of
til
t,
re
cli
ne

Fi
eld

-F
ot
ea

nd
Ra

y,
20
10

[1
7]

To
in
ve
sti
ga
te
th
e

re
la
tio

ns
hi
ps

be
tw
ee
n

th
es

ea
te
d
re
ac
h
te
st,

tr
un

k
ex
cu
rs
io
n,

an
d

CO
P
ex
cu
rs
io
n

Re
pe
at
ed

m
ea
su
re
s

𝑁𝑁
𝑁
𝑁𝑁

(1
0A

B)

Re
ac
h
w
ith

le

ar
m

ex
te
nd

ed
to

th
ef
ro
nt
,

le
,

rig
ht
,a
nd

ba
ck

A
Ki
sle

rp
la
tfo

rm
w
ith

a0
.6
4c

m
pa
dd

ed
co
ve
r

A
fo
rc
ep

la
tfo

rm
(K

isl
er

In
str

um
en
tC

or
p.
,

A
m
he
rs
t,
N
Y,
U
SA

)

CO
P
ex
cu
rs
io
n;

re
la
tio

ns
hi
p
be
tw
ee
n

w
ris

ta
nd

tr
un

k
ex
cu
rs
io
n;

re
la
tio

ns
hi
p

be
tw
ee
n
lim

its
of

sta
bi
lit
y
an
d
CO

P
ex
cu
rs
io
n

Ka
ra
ta
şe

ta
l.,
20
08

[1
8]

To
ev
al
ua
te
CO

P
di
sp
la
ce
m
en
ti
n
SC

I
pa
tie

nt
s

Re
pe
at
ed

m
ea
su
re
s

𝑁𝑁
𝑁
𝑁𝑁

(1
8A

B)

M
ax
im

um
un

su
pp

or
te
d

le
an
in
g
fo
rw

ar
d,

ba
ck
w
ar
d,
an
d
la
te
ra
lly

H
ar
d
ch
ai
rn

o
ba
ck
re
st

Pl
ia
nc
es

ea
ts
en
so
r

sy
ste

m
(P
lia
nc
e1

6-
P

M
at
,N

ov
el,

M
un

ic
h,

G
er
m
an
y)

CO
P
di
sp
la
ce
m
en
t

Ke
rr
an
d
En

g,
20
02

[1
9]

To
qu

an
tif
y
th
el
im

its
of

sta
bi
lit
y
du

rin
g
a

re
ac
hi
ng

ta
sk
;d
et
er
m
in
e

th
ee

ffe
ct
of

fo
ot

su
pp

or
t;

re
lia
bi
lit
y
of

us
in
g
CO

P
to

te
st
sta

bi
lit
y

Te
st
re
te
st

re
lia
bi
lit
y

𝑁𝑁
𝑁
𝑁𝑁

A
B

Se
at
ed

re
ac
hi
ng

(fo
rw

ar
d,
ba
ck
w
ar
d,
an
d

la
te
ra
lly
)

Ri
gi
d
pl
at
fo
rm

Fo
rc
ep

la
te

CO
P
di
sp
la
ce
m
en
t

CO
P
ve
lo
ci
ty



4 Nursing Research and Practice

T


1:
C
on

tin
ue
d.

Au
th
or

A
im

D
es
ig
n

Sa
m
pl
e

Ac
tiv

ity
Ch

ai
rt
yp
e

In
te
rfa

ce
pr
es
su
re

m
ea
su
re
m
en
t

O
ut
co
m
em

ea
su
re
s

Ko
ba
ra

et
al
.,
20
08

[2
0]

To
in
ve
sti
ga
te
th
e

re
la
tio

n
be
tw
ee
n
th
e

po
sit
io
n
of

th
ep

elv
is

w
hi
le
sit
tin

g
in

ac
ha
ir,

pr
es
su
re

an
d
sh
ea
rf
or
ce

Re
pe
at
ed

m
ea
su
re
s

𝑁𝑁
𝑁
𝑁𝑁

A
B

Pa
rt
ic
ip
an
ts
sa
to

n
ch
ai
r

at
va
rio

us
di
sta

nc
es

fro
m

th
eb

ac
kr
es
tt
he
n
le
an
t

ba
ck

to
in
du

ce
a

po
ste

rio
rp

elv
ic
til
t

Ch
ai
rw

ith
5c

m
fo
am

cu
sh
io
n
on

se
at
an
d
ba
ck
re
st

Pr
es
su
re

di
str

ib
ut
io
n

m
ea
su
re

(N
IT
TA

C
or
p.

BI
G
M
AT

)

M
ax
im

um
pr
es
su
re

di
sp
la
ce
m
en
t

La
co
ste

et
al
.,
20
03

[2
1]

To
ch
ar
ac
te
riz

et
he

us
e

of
po

w
er
ed

til
ta
nd

re
cli
ne

sy
ste

m
s

Q
ue
sti
on

na
ire

𝑁𝑁
𝑁
𝑁𝑁

Q
ue
sti
on

na
ire

Se
lf
as
se
ss
m
en
to

f
co
m
fo
rt
/d
isc

om
fo
rt
;

re
st;

po
stu

re
;f
un

ct
io
na
l

in
de
pe
nd

en
ce
;

ps
yc
ho

lo
gi
ca
lf
un

ct
io
ns

of
po

w
er
ed

w
he
el
ch
ai
r

La
co
ste

et
al
.,
20
06

[2
2]

To
es
ta
bl
ish

th
ev

al
id
ity

an
d
re
lia
bi
lit
y
of

a
pr
es
su
re

m
ap
pi
ng

sy
ste

m
to

m
ea
su
re

se
at
ed

po
stu

ra
lc
on

tro
l

in
ch
ild

re
n

C
on

cu
rr
en
t

va
lid

ity
an
d

re
lia
bi
lit
y

𝑁𝑁
𝑁
𝑁𝑁

A
B

Re
ac
h
fo
rw

ar
d
an
d
to

th
er

ig
ht

an
d
pr
es
sa

bu
tto

n
se
t1

30
%
×
ar
m

le
ng

th
(a
cr
om

io
n

pr
oc
es
st
o
tip

of
m
id
dl
e

�n
ge
r)

Si
m
ul
at
or

ch
ai
r

Fo
rc
eS

en
so
ry

A
rr
ay

Pr
es
su
re

m
ap
pi
ng

sy
ste

m
(V
ist
aM

ed
ic
al
,

W
in
ne
ip
eg
,C

an
ad
a)

Fo
rc
ep

la
te
(A

M
TI

O
R6

-7
)

CO
P
di
sp
la
ce
m
en
t

Li
nd

er
-G

an
ze

ta
l.,

20
07

[2
3]

To
m
ea
su
re

th
e

fre
qu

en
cy

of
po

stu
ra
l

ch
an
ge
sa

m
on

g
he
al
th
y

su
bj
ec
ts
sit
tin

g
in

a
w
he
el
ch
ai
r,
an
d
th
e

ex
te
nt

of
tr
un

k
m
ot
io
n

du
rin

g
po

stu
ra
lc
ha
ng
es

Re
pe
at
ed

m
ea
su
re
s

𝑁𝑁
𝑁
𝑁𝑁

A
B

90
-m

in
ut
es

itt
in
g
pe
rio

d
w
at
ch
in
g
m
ov
ie
s

A
sta

nd
ar
d

w
he
el
ch
ai
r

(“
Pa
tr
io
t”,
In
va
ca
re

C
o.
U
SA

).
N
o

ad
di
tio

na
l

cu
sh
io
ns
.N

o
sp
ec
ia
la
dj
us
tm

en
ts

Pr
es
su
re

se
ns
or
s

(F
le
xi
fo
rc
e,
Te
ks
ca
n
C
o.

M
A
,U

SA
)

M
ov
em

en
ts
pe
rfo

rm
ed

in
th
es

ag
itt
al
an
d
fro

nt
al

pl
an
es

M
ak
hs
ou

se
ta
l.,
20
07

[2
4]

To
in
ve
sti
ga
te
th
e

re
lie
vi
ng

eff
ec
to

n
in
te
rfa

ce
pr
es
su
re

of
an

al
te
rn
at
es

itt
in
g
pr
ot
oc
ol

in
vo
lv
in
g
as

itt
in
g

po
stu

re
th
at
re
du

ce
s

isc
hi
al
su
pp

or
t

Re
pe
at
ed

m
ea
su
re
s

𝑁𝑁
𝑁
𝑁𝑁

(2
0A

B)

Tw
o
1h

rp
ro
to
co
ls.

N
or
m
al
sit
tin

g
w
ith

w
he
el
ch
ai
rp

us
h
up

s
on

ce
ev
er
y
20

m
in
ut
es
.

N
or
m
al
sit
tin

g
an
d

su
pp

or
to

ve
ri
sc
hi
al
ar
ea

re
m
ov
ed

ev
er
y
10

m
in
ut
es

In
te
lli
ge
nt

Pr
es
su
re

U
lc
er

Pr
ev
en
tio

n
Cu

sh
io
n
se
at
in
g

sy
ste

m

Xs
en
so
rp

re
ss
ur
e

m
ap
pi
ng

sy
ste

m
(X

se
ns
or

Te
ch
no

lo
gy

C
or
p.
,C

al
ga
ry
,C

an
ad
a)

To
ta
lc
on

ta
ct
ar
ea
;

av
er
ag
ep

re
ss
ur
e;

m
ax
im

um
pr
es
su
re
;

M
ak
hs
ou

se
ta
l.,
20
07

[2
5]

To
stu

dy
th
ee

ffe
ct
on

tis
su
ep

er
fu
sio

n
of

re
lie
vi
ng

in
te
rfa

ce
pr
es
su
re

us
in
g
sta

nd
ar
d

w
he
el
ch
ai
rp

us
h
up

s
co
m
pa
re
d
w
ith

a
m
ec
ha
ni
ca
la
ut
om

at
ed

dy
na
m
ic
pr
es
su
re

re
lie
f

sy
ste

m

Re
pe
at
ed

m
ea
su
re
s

𝑁𝑁
𝑁
𝑁𝑁

(2
0A

B)

Tw
o
1
hr

pr
ot
oc
ol
s.

N
or
m
al
sit
tin

g
w
ith

w
he
el
ch
ai
rp

us
h
up

s
on

ce
ev
er
y
20

m
in
ut
es
.

N
or
m
al
sit
tin

g
an
d

su
pp

or
to

ve
ri
sc
hi
al
ar
ea

re
m
ov
ed

ev
er
y
10

m
in
ut
es

In
te
lli
ge
nt

Pr
es
su
re

U
lc
er

Pr
ev
en
tio

n
Cu

sh
io
n
se
at
in
g

sy
ste

m

Xs
en
so
rp

re
ss
ur
e

m
ap
pi
ng

sy
ste

m
(X

se
ns
or

Te
ch
no

lo
gy

C
or
p.
,C

al
ga
ry
,C

an
ad
a)

To
ta
lc
on

ta
ct
ar
ea
;

av
er
ag
ep

re
ss
ur
e;

m
ax
im

um
pr
es
su
re
;

tis
su
ep

er
fu
sio

n



Nursing Research and Practice 5
T



1:
C
on

tin
ue
d.

Au
th
or

A
im

D
es
ig
n

Sa
m
pl
e

Ac
tiv

ity
Ch

ai
rt
yp
e

In
te
rfa

ce
pr
es
su
re

m
ea
su
re
m
en
t

O
ut
co
m
em

ea
su
re
s

M
au
re
ra

nd
Sp
rig

le,
20
04

[2
6]

To
ex
am

in
et
he

eff
ec
to

f
in
cr
ea
sin

g
po

ste
rio

rs
ea
t

in
cli
na
tio

n
on

se
at
in
g

in
te
rfa

ce
pr
es
su
re
s

Re
pe
at
ed

m
ea
su
re
s

𝑁𝑁
𝑁
𝑁𝑁

Si
tti
ng

in
th
es

im
ul
at
or

ch
ai
ri
n
fo
ur

di
ffe
re
nt

an
gl
es

of
se
at
in
cli
na
tio

n

KI
SS

se
at
sim

ul
at
or

(In
va
ca
re

C
or
p,

El
yr
ia
,O

H
)

Fo
rc
eS

en
so
ry

A
rr
ay

Pr
es
su
re

m
ap
pi
ng

sy
ste

m
(V
ist
aM

ed
ic
al
,

W
in
ne
ip
eg
,C

an
ad
a)

To
ta
lf
or
ce
;c
on

ta
ct
ar
ea
;

pe
ak

pr
es
su
re

in
de
x;

di
sp
er
sio

n
in
de
x

M
oe
s,
20
07

[2
7]

To
in
ve
sti
ga
te
th
e

va
ria

tio
n
in

sit
tin

g
pr
es
su
re

di
str

ib
ut
io
n

an
d
lo
ca
tio

n
of

th
e

po
in
ts
of

m
ax
im

um
pr
es
su
re

w
ith

ro
ta
tio

n
of

th
ep

elv
is,

ge
nd

er
,a
nd

bo
dy

ch
ar
ac
te
ris

tic
s

Re
pe
at
ed

m
ea
su
re
s

𝑁𝑁
𝑁
𝑁𝑁

Fo
rw

ar
d
an
d
ba
ck
w
ar
d

ro
ta
tio

n
of

th
ep

elv
is

Ki
stl
er

pl
at
fo
rm

A
pr
es
su
re

m
ea
su
rin

g
de
vi
ce

[2
8]
.A

m
irr

or
bo

x
[2
9]
.

A
sm

al
la
nt
en
na

at
ta
ch
ed

to
th
es

ac
ru
m

Pe
lv
is
ro
ta
tio

n;
lo
ca
tio

n
of

th
ep

oi
nt
so

f
m
ax
im

um
pr
es
su
re
;

pr
es
su
re

di
str

ib
ut
io
n;

pe
lv
ic
an
gl
e

O
lss
on

et
al
.,
20
08

[3
0]

To
in
ve
sti
ga
te
w
he
th
er

pr
es
su
re

m
ap
pi
ng

ca
n
be

us
ed

as
ac

om
pl
im

en
ti
n

sit
tin

g
an
al
ys
is
an
d
to

stu
dy

th
et
es
tr
et
es
t

re
lia
bi
lit
y
of

th
e

m
ea
su
re
m
en
ts

C
on

cu
rr
en
t

va
lid

ity
an
d

re
lia
bi
lit
y

𝑁𝑁
𝑁
𝑁𝑁

A
B

Re
ac
h
1.
5
×
ar
m

le
ng

th
to

ei
th
er

sid
ea

nd
fo
rw

ar
d

W
oo

de
n
Be

nc
h

Fo
rc
eS

en
so
ry

A
rr
ay

Pr
es
su
re

m
ap
pi
ng

sy
ste

m
(V
ist
aM

ed
ic
al
,

W
in
ne
ip
eg
,C

an
ad
a)

CO
P
di
sp
la
ce
m
en
t

Pa
rk
in
so
n
et
al
.,
20
06

[3
1]

To
ob

ta
in

no
rm

at
iv
e

da
ta
on

CO
P
ex
cu
rs
io
n

ca
pa
bi
lit
y
fo
rl
at
er
al

re
ac
he
s

Re
pe
at
ed

m
ea
su
re
s

𝑁𝑁
𝑁
𝑁𝑁

A
B

M
ax
im

al
la
te
ra
lr
ea
ch
es

Ri
gi
d
pl
at
fo
rm

Xs
en
so
rp

re
ss
ur
es

en
sin

g
m
at
(X

se
ns
or
,

Te
ch
no

lo
gy

C
or
p.
,

Ca
lg
ar
y,
Ca

na
da
).

Fo
rc
ep

la
te
(O

R6
-5
-1
,

A
M
TI
,W

at
er
to
w
n,

M
A
,

U
SA

)

M
ax
im

um
CO

P
ex
cu
rs
io
n
ca
pa
bi
lit
y

Re
en
al
da

et
al
.,
20
09

[3
2]

To
de
sc
rib

eh
ea
lth

y
dy
na
m
ic
sit
tin

g
be
ha
vi
ou

ra
nd

in
ve
sti
ga
te
th
ee

ffe
ct
so

f
sit
tin

g
be
ha
vi
ou

ro
n

su
bc
ut
an
eo
us

tis
su
e

ox
yg
en
at
io
n

Cr
os
s-
se
ct
io
na
l

stu
dy

𝑁𝑁
𝑁
𝑁𝑁

A
B

60
-m

in
ut
es

itt
in
g
pe
rio

d
w
at
ch
in
g
TV

W
he
el
ch
ai
r

Te
ks
ca
n
CO

N
FO

RM
at

pr
es
su
re

m
ap
pi
ng

de
vi
ce

(T
ek
sc
an

In
c,
Bo

sto
n,

M
A
,U

SA
)

Fr
eq
ue
nc
y
of

po
stu

re
sh
i
sa

nd
im

pa
ct
on

su
bc
ut
an
eo
us

tis
su
e

ox
yg
en
at
io
n

So
ne
nb

lu
m

et
al
.,

20
09

[3
3]

To
m
on

ito
ra

nd
de
sc
rib

e
th
eu

se
of

po
w
er
ed

w
he
el
ch
ai
rs
in

ev
er
yd
ay

lif
ea

nd
re
co
rd

th
e

fre
qu

en
cy

of
pr
es
su
re

re
lie
vi
ng

m
ov
em

en
ts

Ca
se

se
rie

s
𝑁𝑁
𝑁
𝑁𝑁

Re
m
ot
em

on
ito

rin
g
ov
er

1-
2
w
ee
ks

Pa
rt
ic
ip
an
ts’

ow
n

w
he
el
ch
ai
rw

ith
pr
es
su
re

re
lie
vi
ng

cu
sh
io
n


eW

he
el
ch
ai
rA

ct
iv
ity

M
on

ito
rin

g
In
str

um
en
t

[3
4]
.U

ni
ax
ia
l

ac
ce
le
ro
m
et
er

(V
TI

Te
ch
no

lo
gi
es
,F
in
la
nd

)

D
ai
ly
w
he
el
ch
ai
r

oc
cu
pa
nc
y;
ty
pi
ca
l

po
sit
io
n;

tim
es

pe
nt

in
sm

al
l,
m
ed
iu
m

an
d
la
rg
e

til
t;
til
tf
re
qu

en
cy

an
d

pr
es
su
re

re
lie
vi
ng

fre
qu

en
cy

So
ne
nb

lu
m

an
d

Sp
rig

le,
20
11

[3
5]

To
ev
al
ua
te
th
e

bi
om

ec
ha
ni
ca
lr
es
po

ns
es

to
fu
ll
bo

dy
til
ti
n

pe
rs
on

sw
ith

SC
I

Re
pe
at
ed

m
ea
su
re
s

𝑁𝑁
𝑁
𝑁𝑁

Si
tti
ng

in
w
he
el
ch
ai
ra

t
va
rio

us
de
gr
ee
so

ft
ilt

Pa
rt
ic
ip
an
ts’

ow
n

w
he
el
ch
ai
r

A
cu
sto

m
se
ns
or

(V
ist
a

M
ed
ic
al
,W

in
ne
ip
eg
,

Ca
na
da
)

Av
er
ag
ep

re
ss
ur
e

M
ax
im

um
pr
es
su
re



6 Nursing Research and Practice

T


1:
C
on

tin
ue
d.

Au
th
or

A
im

D
es
ig
n

Sa
m
pl
e

Ac
tiv

ity
Ch

ai
rt
yp
e

In
te
rfa

ce
pr
es
su
re

m
ea
su
re
m
en
t

O
ut
co
m
em

ea
su
re
s

So
ne
nb

lu
m

an
d

Sp
rig

le,
20
11

[3
6]

To
ch
ar
ac
te
ris

et
he

us
e

of
po

w
er
ed

w
he
el
ch
ai
rs

Ca
se

se
rie

s
𝑁𝑁
𝑁
𝑁𝑁

Re
m
ot
em

on
ito

rin
g
ov
er

1-
2
w
ee
ks

Pa
rt
ic
ip
an
ts’

ow
n

w
he
el
ch
ai
rw

ith
pr
es
su
re

re
lie
vi
ng

cu
sh
io
n


eW

he
el
ch
ai
rA

ct
iv
ity

M
on

ito
rin

g
In
str

um
en
t

[3
4]
.U

ni
ax
ia
l

ac
ce
le
ro
m
et
er

(V
TI

Te
ch
no

lo
gi
es
,F
in
la
nd

)

D
ai
ly
w
he
el
ch
ai
r

oc
cu
pa
nc
y;
ty
pi
ca
l

po
sit
io
n

Sp
rig

le
et
al
.,
20
10

[3
7]

To
pr
ov
id
eq

ua
nt
ita
tiv

e
in
fo
rm

at
io
n
on

th
e

m
ag
ni
tu
de
so

fl
oa
di
ng

on
th
eb

od
y
ac
ro
ss

cli
ni
ca
lr
an
ge
so

ft
ilt
,

re
cli
ne
,a
nd

sta
nd

in
g

Re
pe
at
ed

m
ea
su
re
s

𝑁𝑁
𝑁
𝑁𝑁

(6
A
B)

Si
tti
ng

in
w
he
el
ch
ai
ri
n

va
rio

us
de
gr
ee
so

ft
ilt
,

re
cli
ne
,a
nd

sta
nd

in
g

Le
vo

co
m
bi
po

w
er

w
he
el
ch
ai
r(
Le
vo

U
SA

,B
ro
ok

ly
n

Pa
rk
,M

N
,U

SA
)

Te
ks
ca
n
Pr
es
su
re

Se
ns
or

Sy
ste

m
(C

O
N
FO

RM
AT

53
15
Q
L;
TE

KS
CA

N
,

Bo
sto

n,
M
A
,U

SA
)

Ra
te
so

fu
nl
oa
di
ng

an
d

m
ax
im

um
lo
ad
in
g

St
in
so
n
et
al
.,
20
03

[3
8]

To
in
ve
sti
ga
te
th
e

re
la
tio

ns
hi
p
be
tw
ee
n

in
te
rfa

ce
pr
es
su
re

an
d

ge
nd

er
,B

M
I,
an
d
se
at
in
g

po
sit
io
ns

G
ro
up

de
sig

n
𝑁𝑁
𝑁
𝑁𝑁

A
B

Si
tti
ng

in
ar
m
ch
ai
rs
et
at

10
∘ ,
20

∘ ,
an
d
30

∘
re
cli
ne

w
ith

an
d
w
ith

ou
tf
oo

t
su
pp

or
t

A
rm

ch
ai
r

Fo
rc
eS

en
so
ry

A
rr
ay

Pr
es
su
re

m
ap
pi
ng

sy
ste

m
(V
ist
aM

ed
ic
al
,

W
in
ne
ip
eg
,C

an
ad
a)

Av
er
ag
ep

re
ss
ur
e

M
ax
im

um
pr
es
su
re

St
oc
kt
on

an
d
Pa
rk
er
,

20
02

[3
9]

To
pr
ov
id
ea

n
in
sig

ht
in
to

w
he
el
ch
ai
ru

se
rs

pr
ev
en
ta
tiv

eh
ea
lth

be
ha
vi
ou

rs
/p

re
ss
ur
e

re
lie
fb

eh
av
io
ur
s

Po
sta

l
qu

es
tio

nn
ai
re

𝑁𝑁
𝑁
𝑁𝑁
𝑁

Q
ue
sti
on

na
ire

Po
sta

lQ
ue
sti
on

na
ire

:
se
lf
as
se
ss
m
en
to

f
ph

ys
ic
al
ca
pa
bi
lit
y,
pa
st

fre
qu

en
cy

of
pr
es
su
re

re
lie
vi
ng

m
ov
em

en
ts,

pe
rc
ei
ve
d
ris

k,
at
tr
ib
ut
io
n
of

re
sp
on

sib
ili
ty
fo
rt
he

pe
rfo

rm
an
ce

of
pr
es
su
re

re
lie
f,
an
d
ot
he
r

pr
ev
en
ta
tiv

eb
eh
av
io
ur
s

Va
n
G
eff
en

et
al
.,

20
08

[4
0]

To
in
ve
sti
ga
te
th
ee

ffe
ct
s

of
po

stu
ra
la
dj
us
tm

en
ts

on
se
at
re
ac
tio

n
lo
ad

Re
pe
at
ed

m
ea
su
re
s

𝑁𝑁
𝑁
𝑁𝑁

A
B

Pa
rt
ic
ip
an
ts
sa
ti
n

sim
ul
at
or

ch
ai
rw

hi
ch

pa
ss
iv
ely

m
ov
ed

th
ei
r

pe
lv
is
po

ste
rio

rly
an
d

re
cli
ne
d
ba
ck

Ad
ju
sta

bl
e

sim
ul
at
or

ch
ai
r

Te
ks
ca
n
Pr
es
su
re

Se
ns
or

Sy
ste

m
(C

O
N
FO

RM
AT

53
15
Q
L;
TE

KS
CA

N
,

Bo
sto

n,
M
A
,U

SA
)

Av
er
ag
ep

re
ss
ur
e(
isc

hi
al

an
d
sa
cr
al
)a

nd
ce
nt
re

of
pr
es
su
re

Va
n
G
eff
en

et
al
.,

20
09

[4
1]

To
in
ve
sti
ga
te
th
ee

ffe
ct
s

of
de
co
up

le
d
pe
lv
is

ro
ta
tio

n
on

se
at
in
g

in
te
rfa

ce
lo
ad
s

Re
pe
at
ed

m
ea
su
re
s

𝑁𝑁
𝑁
𝑁𝑁

A
B

Pa
rt
ic
ip
an
ts
sa
ti
n

sim
ul
at
or

ch
ai
rw

hi
ch

pa
ss
iv
ely

m
ov
ed

th
ei
r

pe
lv
is
po

ste
rio

rly
an
d

sid
et
o
sid

e

Ad
ju
sta

bl
e

sim
ul
at
or

ch
ai
r

Te
ks
ca
n
Pr
es
su
re

Se
ns
or

Sy
ste

m
(C

O
N
FO

RM
AT

53
15
Q
L;
TE

KS
CA

N
,

Bo
sto

n,
M
A
)

Pe
lv
is
or
ie
nt
at
io
n;

se
at

re
ac
tio

n
fo
rc
e;
ce
nt
re

of
pr
es
su
re
;p
ea
k
pr
es
su
re

in
de
x
an
d
sa
cr
al
lo
ad

Vo
se

ta
l.,
20
06

[4
2]

To
in
ve
sti
ga
te
pe
rs
on

al
,

po
stu

ra
la
nd

de
sig

n
fa
ct
or
su

po
n
se
at
in
g

in
te
rfa

ce
pr
es
su
re
s

Re
pe
at
ed

m
ea
su
re
s

𝑁𝑁
𝑁
𝑁𝑁

Ea
ch

pa
rt
ic
ip
an
ts
at
in

ea
ch

of
th
ec

ha
irs

12
er
go
no

m
ic

offi
ce

ch
ai
rs

Xs
en
so
rp

re
ss
ur
e

m
ap
pi
ng

sy
ste

m
(X

se
ns
or

Te
ch
no

lo
gy

C
or
p.
,C

al
ga
ry
,C

an
ad
a)

Av
er
ag
ea

nd
m
ax
im

um
pr
es
su
re



Nursing Research and Practice 7

T


1:
C
on

tin
ue
d.

Au
th
or

A
im

D
es
ig
n

Sa
m
pl
e

Ac
tiv

ity
Ch

ai
rt
yp
e

In
te
rfa

ce
pr
es
su
re

m
ea
su
re
m
en
t

O
ut
co
m
em

ea
su
re
s

Ya
ng

et
al
.,
20
09

[4
3]

To
de
sc
rib

et
he

sit
tin

g
be
ha
vi
ou

rs
in

co
m
m
un

ity
-d
w
el
lin

g
m
an
ua
lw

he
el
ch
ai
ru

se
rs

(M
W
U
s)
w
ith

sp
in
al

co
rd

in
ju
ry

(S
CI

)

Ca
se

se
rie

s
stu

dy
𝑁𝑁
𝑁
𝑁𝑁

1
w
ee
k
no

rm
al
ac
tiv

iti
es

of
da
ily

liv
in
g

Pa
rt
ic
ip
an
ts’

ow
n

w
he
el
ch
ai
rs

6
fo
rc
es

en
so
rr
es
ist
or
s

(in
te
rli
nk

el
ec
tro

ni
cs
,

Ca
m
ar
ill
o,
CA

,U
SA

)

Li

off

fre
qu

en
cy

Cu
m
ul
at
iv
es

itt
in
g
tim

e



8 Nursing Research and Practice

[12] identi�ed a low performance rate of pressure relieving
movements.

Bloemen-Vrencken et al. [12] found that over half of the
410 respondents did not engage in pressure relief movements
frequently and only 20.9% of responders always did some
type of pressure relief every 30 minutes. Likewise, Stockton
and Parker [39] discovered that although 80% of their 136
wheelchair-dependent sample reported they were able to
perform weight shiing movements, only 20.8% engaged in
pressure relief activity once an hour and a further 54.7%
moved less than once per hour, indicating a lack of adherence
rather than ability.

Bloemen-Vrencken et al. [12] found that respondents
who had experienced pressure ulcers implemented signif-
icantly more pressure ulcer prevention techniques such as
relieving pressure regularly than those who had not experi-
enced secondary complications (median total score of 256
respondentswith no pressure sores = 45,median total score of
154 respondents having experienced pressure sores in last 12
months = 48,𝑃𝑃 𝑃 𝑃𝑃𝑃𝑃). Conversely, Stockton and Parker [39]
reported that respondents who had experienced a pressure
ulcer did not signi�cantly alter the frequency of pressure
relieving movements performed.

Coggrave and Rose [15] identi�ed ease of performance
as the main reason few adhered to recommendations. is
small-scale clinical study found that for 46 spinal cord injured
participants, the mean duration of pressure relief required
to raise tissue oxygen to unloaded levels was 1 minute 51
seconds (range 42 seconds–3 minutes 30 seconds), which
may be considered a long time to hold a pressure relieving
position [15].

2.1. Key Message. Despite ability, it has been shown that
very few manual wheelchair users adhere to the frequency of
pressure reliefs recommended [12, 39, 46]. Policy guidance
suggests that wheelchair users should be educated to perform
pressure relievingmovements regularly and be advised not to
sit for longer than 2 hrs in the same position [10].

3. Tilt and Recline as Pressure Relief Movement

Wheelchair tilt systems passively tilt the whole chair back,
while maintaining a constant hip and knee angle. Depend-
ing on the extent of the tilt angle applied, wheelchair tilt
systems can affect postural control, digestion, and reduce
pressure around the vulnerable ischial tuberosity region by
redistributing body weight from the seat to the backrest.

Two studies investigating the impact of tilt on blood
�ow and localised tissue loading for 11 individuals with SCI
[35] and the load redistribution qualities of variable position
wheelchairs with 6 able-bodied and 10 SCI individuals [37]
found that the largest decrease of seating interface pressure
occurred during larger tilts of up to 55∘ from an upright
sitting position [35, 37]. As the ischial tuberosities are a
curved structure, it may be postulated that a largermovement
would be needed to offload the tissue around this area.

However, results are based on small study populations
and equipment and seating conditions varied on both studies.

Sonenblum and Sprigle [35] used laser Doppler Flowmetry
and a custom sensor from FSA (Vista Medical, Winnipeg,
Canada) affixed to the skin at the apex of the ischial tuberosity
region, whilst participants that sat in their own chair �tted
with their prescribed pressure relieving cushion. Using a
repeated measures design, each tilt was normalised against
each starting position, and by not altering the participants
original chair con�guration, Sonenblum and Sprigle [35]
attempted to create amore realistic interpretation of the effect
of tilting on pressure and blood �ow for wheelchair users in
their “naturalistic” state.

By contrast, Sprigle et al. [37] utilized a single seating
system to standardise all the support surfaces and seat
and back articulations and placed pressure sensing mats
(CONFORMAT 5315QL; TEKSCAN, Boston, MA, USA)
below the cushions of the seat and backrest to monitor load
redistribution during tilting. However, measuring average
pressure over the entire mat may have confounded results,
as during a tilt, gravitational forces may have in�uenced the
pressure under the thigh area more than under the ischial
area.

Despite methodological differences it is reassuring that
both studies reported reasonably similar results indicating
that tilting, as far as the seating system permits, reduced
interface pressures.

Compared to tilting, reclining was found to unload the
seating interface to a larger degree [37]. Recline increases
the seat to back angle of a chair and can necessitate various
positions from an upright seated position to a fully reclined
supine position. Sprigle et al. [37] found that reclining the
backrest fully to 90∘ produced a 61% reduction on seat forces
when compared to upright sitting for both able-bodied and
SCI participants. is was to be expected, as lying back to
90∘ effectively spreads the pressure over a larger surface area,
compared to sitting; hence reclining was found to reduce
interface pressures [37].

Similarly, Stinson et al. [38] found that greater recline
angles reduced average seating interface pressures, when
investigating the relationship of gender, body mass index,
and seating position with seating interface pressures in able-
bodied participants. Reclining the chair by 30∘ was found
to signi�cantly reduce average pressure (𝑃𝑃 𝑃 𝑃𝑃𝑃𝑃𝑃).
However, reclining 10∘, 20∘, and 30∘ did not signi�cantly alter
maximum pressure, which is the highest individual pressure
recorded by a sensor over the entire pressure mat. Maximum
pressure is considered an unstable measurement [47] as it
focuses on the pressure recorded by one single sensor and
therefore changes frequently, which may confound results.

Interestingly, armchair recline with feet supported was
found to signi�cantly increase average interface pressures
[38]. However, results were based on measurements from
able-bodied participants, known to have healthier, less atro-
phied tissue than individuals at risk of developing ulcers.
Conversely, wheelchair recline with feet supported was found
to stimulate greater unloading in a SCI cohort, who are
physiologically predisposed to developing pressure ulcers
than in a healthy able-bodied cohort (𝑃𝑃 𝑃 𝑃𝑃𝑃𝑃𝑃) [37].

As tilt and recline were both found to reduce pressure
at the seating interface, it would be reasonable to assume
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that reducing the angle between the backrest and the seat
surface to lower the rear portion of the seat surface (known
as squeezing) would increase interface pressure. However,
Maurer and Sprigle [26] found no evidence to suggest that
“squeezing” a wheelchair frame to induce posterior seat
inclination negatively affected seating interface pressures.
As squeezing increased, more of the individuals came into
contact with the seat surface; however, pressures around the
ischial region remained the same thus limiting the value of
“squeezing” the chair for relieving interface pressures.

3.1. KeyMessage. e studies found that increasing the angle
of tilt and increasing recline reduce the loading of pressure at
the seating interface. Policy guidelines suggest that education
and training in the appropriate use of equipment to facilitate
pressure relief should be given to both the individual at risk
of developing the pressure ulcer and their caregivers [44].

4. Pressure Relief Behaviour of Individuals with
Tilt/Recline Systems

Lacoste et al. [21] found that 97.5% of the 40 powered
wheelchair users interviewed used their wheelchair daily, of
which ≤35% used tilt or recline for physiological functions
such as relieving pressure. Many of the respondents used
the larger tilts (31–45∘) for rest rather than pressure relief
[21] questioning the practicalities of performing such a large
movement regularly. Additionally, none of the respondents
had a wheelchair that tilted beyond 45∘, possibly explaining
why among the few subjects who used their seating system
for pressure relief, ≥50% used small amplitudes (≤15∘) and
40–50% used medium amplitudes (16–30∘) of tilt. However,
Lacoste et al. [21] based their �ndings on the subjective
opinion of 40 powered wheelchair users and recall bias and
perception of illustrated seat angles may have clouded the
accuracy of the �ndings reported.

Conversely, three studies, though methodologically dif-
ferent, also found that few subjects tilted past 45∘ [16, 33, 36],
despite all [33] or nearly all [16, 36] of the participants using
a wheelchair that was capable of at least a 40∘ tilt.

Ding et al. [16] reported that over a 2-week period, 11
subjects occupied their wheelchairs for 11.8 ± 3.4 hours,
transferred in and out of their wheelchairs 5 ± 5.3 times,
and performed 19 ± 14 tilts on average per day. Similarly,
Sonenblum and Sprigle [36] and Sonenblum et al. [33] found
that power wheelchair users occupied their wheelchairs an
average of 11 hours [33] and 11.7 hours per day [36] and
performed tilts 3.0 ± 2.9 times [36] and 4.3 ± 3.9 times per
occupancy hour [33].

However, a change in tilt was classi�ed as an angle change
of ≥2.5∘ that lasted for at least 1 minute [16] or any changes
of more than 5∘ held for more than 20 seconds [33, 36].
e de�nition of a tilt or recline involving a minimal change
in backrest angle may have overin�ated results reported.
However, Ding et al. [16] used an algorithm to �lter raw
data and reduce the likelihood of accidental �uctuations in
backrest angle interfering with results.

Tilts and reclines of less than 20∘ were found to be more
frequent and held for a longer duration of time than larger
tilts and reclines [16], though 2 of the 11 wheelchairs used in
this study did not tilt past 20∘, whichmay have skewed results.
Similar �ndings were reported by Sonenblum and Sprigle
[36] and Sonenblum et al. [33] as the subjects in these studies
spent themajority of time in tilt angles<20∘, despite all [33] or
nearly all [36] of the participants chairs having the capability
of tilting to or past 45∘. However, although participants were
found to tilt relatively frequently, these tilts, according to the
literature, were not large enough to relieve pressure around
the vulnerable ischial tuberosity region [37, 38].

4.1. KeyMessage. e studies indicate that despite education,
powered wheelchair users do not use the recommended
magnitude of tilt or recline required to adequately relieve
pressure around the vulnerable ischial tuberosity region.
Interestingly, these larger magnitudes of tilt and recline
were used to relieve pain and discomfort. Policy guidelines
exemplify that although comfort is of primary importance,
a �exible repositioning schedule based on the individual�s
preferences and tolerance should be encouraged as variable
position seating is reported to redistribute pressures from
around the vulnerable ischial region [44].

5. Seat Adjustments to Induce
Postural Movements

Moes [27] explored the relationships between interface pres-
sure, pelvic rotation, and body characteristics of 19 able-
bodied participants. rough multiple regression techniques
it was shown that intrinsic characteristics including ecto-
morphic index, gender, mass, and the body anthropometry
greatly affected pressures at the seating interface during
forward and backward rotations of the pelvis.

Similarly, Vos et al. [42] investigated postural and
chair design effects on seating interface pressures using 12
ergonomic office chairs and 24 able-bodied participants (12
male; 12 female). ey found that the greatest impacts on
seating interface pressures were chair design differences,
followed by participant characteristics such as gender, and
lastly postural movements.

Both studies investigated a relatively small postural
change in pelvic tilt [27] and pelvic and trunk tilt [42] which
are known to have a minimal effect on interface pressures
[37, 38]. However, the slight pelvic movement was enough
to effectively reduce the maximum pressure for a typically
ectomorph (thin) person [27]. Similarly, Vos et al. [42] found
that an increased posterior pelvic tilt signi�cantly reduced
pressure values for all participants.

Conversely, posterior pelvic tilt was found to have no
signi�cant effect on maximum pressure for 10 healthy male
participants [20] and actually statistically increased the esti-
mated shear force on the seat (𝑃𝑃 < 0.01). Shear force is
the distortion of a body by two oppositely directed parallel
forces; hence, such forces can damage skin and are known to
contribute to pressure ulceration [44].
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Kobara et al. [20] measured pressure distribution while
each subject sat in the same chair, at various distances from
the backrest and leant back, thus simulating a posterior pelvic
tilt. e results showed that the locations of the points of
maximum pressure were signi�cantly displaced forward in
all positions, upright (𝑃𝑃 𝑃 𝑃𝑃𝑃𝑃𝑃); sitting 5 cms from the
backrest (𝑃𝑃 𝑃 𝑃𝑃𝑃𝑃𝑃); sitting 10 cm from the backrest (𝑃𝑃 𝑃
𝑃𝑃2𝑃𝑃). is illustrated the element of shear in all positions
and increasing posterior tilt which would increase the risk
of pressure ulceration at these sites. Maximum pressure, as
explained previously, is considered an unstable measure [47]
and was used in this study to gauge the movement of the
ischial tuberosities and not to investigate the redistribution
of pressure during a pelvic movement. Additionally this
study used a small able-bodied cohort and a chair with
a hard surface with no alterations for subjects of varying
morphologies, which may have confounded results.

Similar to Kobara et al. [20], Van Gefen et al. [40, 41]
found that posterior pelvic tilt had a minimal effect on ischial
pressures when investigating an experimental simulator chair
that could independently control the orientation of the trunk,
pelvis, and thighs with 18 healthy male subjects. It is possible
that the exclusion of trunk movements limited the degree
of posterior pelvic tilt, causing the ischial tuberosities to
roll within their original area of high pressure and therefore
minimally affecting overall pressure measurements.

Additionally, Van Geffen et al. [41] reported that a
pelvic side elevation of 9∘ reduced ischial pressure by 34%,
which was to be expected as the majority of body weight
and therefore interface pressure were redistributed to the
lower side of the chair surface. In other words, forcing a
pelvic obliquity reduced pressure under the higher ischial
tuberosity and undoubtedly increased pressure under the
lower weight bearing side. is highlights the increased risk
of ulceration individuals with a pelvic obliquity face and
the importance of correct positioning and specialist seating
prescription.

Makhsous et al. [24, 25] also evaluated the effect of chair
design on interface pressures by periodically removing the
ischial support area of a chair every 10 minutes for 10 min-
utes, compared to traditional pressure relieving movements
(push up held for as long as possible or hoisting out of
wheelchair for 60 seconds) every 20 minutes over two 1-
hour sitting periods using 60 participants (20 paraplegic; 20
tetraplegic; 20 able bodied).

Both studies reported that removal of the ischial support
area of the chair signi�cantly diminished interface pressures
around this area and that a signi�cant proportion of the
buttock pressure was redistributed to the thigh area during
these simulated pressure reliefs. Furthermore, Makhsous et
al. [24] noted that of those who could perform push up
pressure reliefs, the average pushup time achievedwas 49±2𝑃𝑃
seconds; however, it took in the range of 200–300 seconds
for tissue perfusion recovery to occur.erefore, participants
in this study were unable to hold the pressure relieving
movements for long enough to allow tissue reperfusion to
occur.

However, comparing a physical pressure relieving move-
ment to a mechanical unloading of the ischial area for 10

minutes (600 seconds) may have skewed results in favour of
the adjustable chair. Also, it is possible that removal of ischial
support would cause an increase of pressure acting on the
upper thigh area in contact with the remaining seat edge.
Finally, the ease of removing the ischial section of the seat and
the participant’s views and dignity are not discussed; hence,
further investigation is needed before de�nitive conclusions
are made.

5.1. Key Message. ese studies emphasise that larger pos-
tural movements are more effective in redistributing seat-
ing interface pressures. Policy guidelines recommend that
clinicians should consider body size, body posture, mobility,
lifestyle, and deformity when prescribing seating for individ-
uals at risk of pressure ulceration [44]; hence, poor postural
stability and mobility, for example, may indicate the need for
a powered wheelchair device to access postures required for
adequate pressure relief.

6. Activity to Encourage Pressure
RelievingMovements

Postural stability is a prerequisite for the performance of
seated movements and activities. Standing and seated stabil-
ity are widely accepted to be measured by centre of pressure
displacement [17–19, 22, 30, 31]. e centre of pressure
(COP) is the average location of the pressure, which has the
potential to move as a person moves and adopts different
positions.

Four studies considered the reliability and appropriate-
ness of using pressure measurements in the form of COP
for assessing seated static and dynamic stability with 12
healthy older adults [19]; 13 children aged 7–15 years [22];
45 children aged 4–15 years [30]; 42 motor incomplete SCI
adults and 10 healthy able-bodied adults [17].

ough studying different populations three of the
studies employed a multidirectional reaching activity to
investigate the repeatability of measuring COP for seating
stability [17, 19, 30]. Kerr and Eng [19] measured COP dis-
placement during multidirectional reaches with and without
participants’ feet being supported; Field-Fote and Ray [17]
instructed participants to reach as far as possible with their
right hand, while Olsson et al. [30] devised a �ctional game
where participants pretended to be an aeroplane with both
arms out stretched to either side, then reached 1.5× the length
of their arm (from 7th cervical vertebra to the styloid process
on the wrist) in each direction.

Lacoste et al. [22], on the other hand, instructed par-
ticipants to reach 5 times to a target normalised to each
participant’s arm length (measured from acromion process
to the tip of the middle �nger × 130%) in a forward
direction and then to the side, to compare the static and
dynamic measurements recorded by the Force Sensory Array
pressure mapping system and a force platform (AMTI OR6-
7). Fortunately, Lacoste et al. [22] found the pressuremapping
system to be as effective as the force platform in detecting
COP displacement; hence, results of all four studies can be
discussed together [17, 19, 22, 30].
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Despite methodological and population differences, all
four studies found the deviation of centre of pressure to be
greater in the forward/backward movement than laterally
[17, 19, 22, 30] and test re- test reliability was high for all
directions of reach [17, 19, 22]. Greater COP displacement
in the forward/backward direction was to be expected, as
generally the base of support is larger in this direction
(length of the thighs) compared to laterally (width of the
hips).

Interestingly, Kerr and Eng [19] found that when reach-
ing in the lateral and backwards direction, foot support
signi�cantly reduced COP displacements by 20%; however,
in contrast foot support increased COP displacement in
the forward direction by 70%. ese phenomena may be
explained by the supported feet extending the base of
support in the forward direction, and limiting the coun-
terbalancing effect of the feet when reaching laterally or
backward.

Parkinson et al. [31] investigated the effect of having no
foot support on the COP excursion capability of 38 able-
bodied adults (age range from 21 to 74 years) and found that
in forward, backward, and lateral reaching tasks, participants
chose to swing their legs in the opposite direction of the
reach.ese results emphasise the counter balancing effect of
the lower legs and feet during reaching tasks for able-bodied
subjects and question the arc of reach accessible by those with
limited lower limb function as the counter balancing effect of
the lower limbs may be compromised.

Karatas et al. [18] found that the COP displacements for
1� SCI participants were signi�cantly smaller in all directions
(forward, backward, le, and right) than the measurements
for 18 able-bodied subjects.e change in COPwas expected
to be smaller for the SCI cohort due to physiological differ-
ences in SCI individuals. However, it is possible that the able-
bodied participants’ ability to transfer weight through their
lower limbs may have affected results.

Karatas et al. [18] found that SCI participants, with a
history of pressure ulcers, had a smaller COP displacement
than SCI participants with no history of pressure ulcers,
which could not be explained by level of injury [18].
erefore, it is possible that the ability to perform larger
postural movements allows for more pressure relief and
thus the group of SCI participants who could perform these
movements had healthier tissue; however, as other interfacial
pressures (such as peak pressure index, total contact area, and
dispersion index) were not reported it is unwise to make a
judgement.

6.1. Key Message. In sitting, COP indicates the degree of
upper body movement available. ese studies suggest that
the greater the upper body movement, the greater the COP
displacement and highlight the possibility that the pressure
at the seating interface may also be affected. For able-
bodied subjects, these studies found that the orientation of
the feet in relation to the body impact on the degree of
COP displacement available. Policy guidelines; however, for
individuals at risk of pressure ulceration suggest that feet
should be supported in sitting [44].

7. Implications for Practice

A review of the literature on the effectiveness of pres-
sure relieving movements on seating interface pressures
has shown that the majority of wheelchair users do not
adhere with the recommended pressure relieving frequency
or magnitude, even when they possess the ability to either
physically or passively redistribute their body weight and
hence reduce seating interface pressures and the likelihood of
pressure ulcers occurring.erefore, further research into the
reasons behind the lack of concordance with pressure reliev-
ing recommendations amongst populations at risk should be
explored. It is also recommended that more robust research
into the effect of seated movements on interface pressures
with populations at risk should be further investigated.

Until more detailed research is carried out, practitioners
should continue to follow the current guidelines on pres-
sure ulcer prevention such as the NICE “Pressure Ulcer
Prevention and Treatment” guidelines [48] or the National
and European Pressure Ulcer Advisory Panel guidelines [44]
which both emphasise that practitioners should encourage
clients to pressure relieve as regularly as possible.

8. Conclusion

None of the studies investigating functional activity and
seating interface pressures explored the impact of these
postural movements on the pressure around the vulnerable
ischial region. erefore, although it can be ascertained that
functional activity in�uences the pressure at the seating inter-
face, the positive or negative implications of suchmovements
on seating interface pressures are currently not known.

is is particularly concerning as pressure ulcers aremost
likely to develop around the bony ischial tuberosity region
and as the effect of activities on the pressure around this area
is unknown, the performance of certain seated activities may
aggravate the development of pressure ulcers for populations
at most risk of developing such wounds. Hence further
investigation into the effect of seated activities on interface
pressures is necessary.
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