FERBERATPELRELHET TV R PP RRES

FRET G R H I ek

i T AL BRI

% B 1 NSCO1-2314-B-002-393-

A EHE 91087 01p 192077 310
S SRS SR L RO TR T

[ U - A (R AR MU AE N 1 2 ATy L/ Bt I

FL A HHES

[SAF RS LR T

PoE R R 92#£67 608



e a3

%+ NSC 91-2314-B-002-393

REEE: o~ FHRBELRE

AdEA L EFR A s
-~V TR

FREEL B

A= 3 R (SO L
FﬂF% 3 R CRREIC EESES (R *I&Iéab,r
P SCI & d 3t e % dRaprvd o ik 4F R
l4 #ﬁéiﬁiﬁﬁwgq%§ﬁg%
ZMERU SRR~ L Ead 7 ﬂv\\@% .
“”ﬁuéi°ﬂ“’z%ﬁyi&&ﬁ&i
;}%ILS(H% ﬁ'_\ﬁfﬁfkp\*oﬁvb;ﬁeq:g%#;
'j*‘ﬁ“"mi R o B L ERA L R LR
* ,13}1;4 SR g AT RS I
)E’% AL O B N RRIRR 4 h ) R IR
“”Fffwf”k”?’ ”\:é%‘bm:%,rnr’#,#,\

g
#
-ﬁ

Fi’i‘ Fl i 2 SCl%j‘ﬁﬁ“’h
L e | ma/PJWIiﬁ z/‘r%ﬂi‘f%r‘rﬁ
AR R

Tk b - RN G LR R4 A F
s EANERZE FHhZE Ho 3 ?‘[E%A,\
HIEH AL EEEEF 2R ;u& Ak E R

BRI A PR IR Ra A ﬂ[ﬁ%abﬁ’*%
B S S ok o = 0 Sl R o
B4z F 2 M TR L S
sl

g;_‘;_ 4 —)J.%Ta‘-l’-, P ’_71.“—;(4 —g'\;\;:e, = ‘;a_».-:ﬁ
B PP s BIRR A PIE B BT NE
Bk enle il R 0 2 ?im%%éf" 2 AWK

Bophe aflnd s keFEpFidn
3 d ﬁ#mﬁ AR 2B 2 BE
AP O RS é‘%ﬁjﬁ'% ] p~
IR

29%) b"*\bkaj-\,};ﬂ;i o;f:; Y _yﬂg«——: P%;{;}—i
B WP B R R K HE MR 4 en N

- Uk S LS NLE SN aﬁ’ffi;
O RE 4“51}; KR o s B RRAP IR
e d oAz A (T4 45 % 2 (Vieon,
Oxford Metrics, U.K. )» ¥ {8 # 4189 2 2.

R ELR g2 7Y
RO G A X L e

ST
w4E 7 (1/2)

LeriEt g

CHMEEEZ AR T ELRS B ER
(Advanced Clinseat, U.SA.) % & BIA
B4 2 % @ (peakvalue) 2 H =% o F
Bt A7 R AR E (0°, 5°, 10°
and15°)~ F 2 =% & AN 4 o

FERBETHZUEHERETAREM
LR A A A G AR A AR
B4 g BRI E M o B R
Bt ¥ FIp O BRESES S ew g
B g R e R L
Ra g égkiﬁﬂi%ﬁﬁﬁﬁ?;};\l/&—r%,ﬁ
Beg 4 s B2 fpauddk o I AR
A BB B 2l R Ly
NHEFRETFIF - YR .

ARPEIEL S RFE o TRMAY
L M AR R4 %—“‘mP—} » &L i e
'L}%/\vé‘ﬂ~ﬂﬂ9 °

Abstract:

Background and Purpose— Correct
postures can prevent wheelchair-bound
individuals from deformity and pressure
sores. The key to agood sitting posture lies
in controlling the anteroposterior tilt of the
pelvis and the shape of the spine. Previous
studies have examined either the effect of
seated posture on body-seat interface
pressure, or the effect of tilted seated
position on pelvic aignment. Thereis
however no study on the relationship among
the seated posture, pelvic alignment and
interface pressure. The purpose of this pilot
study was to bridge the gap by establishing
the relationship between tilted seated
positions, pelvic alignment and the
maximum pressure on body-seat interface in
healthy subjects.

M ethods— Six hedthy male volunteers



aged 22 to 29 years were included in this
study. They sat on an adjustable
experimental wheelchair. Reflected markers
were attached to specific body anatomical
landmarks and the experimental chair to
describe the three-dimensional positions of
the body segments and the chair. A
6-camera motion analysis system (Vicon
512, Oxford Metrics, U.K.) was used to
measure the spatial coordinates of the
markers, from which the alignment of the
pelvis relative to the chair was calculated.
The body-interface pressures were measured
using a pressure plate (Advanced Clinseat,
U.S.A.) with approximately 2,000 individual
pressure sensors. Alignment of the pelvis
and the pressure distribution were measured
synchronized for four tilted sitting positions
(0°, 5°,10°, and 15°). Maximum pressures
and their positions were obtained for each
test condition.

Results— The pelvis tilted posteriorly while
the back support of the chair wastilted
backwards. The maximum pressure
decreased when chair tilted angle was
increased. Maximum pressure point
displaced posteriorly as the chair tilted
backwards.

Discussion— Previous studies have
suggested that a correct Sitting posture is
obtained by tilting the pelvis anteriorly to
create alumbar spine lordosis. The present
study showed that the pelvistilted
posteriorly while the chair tilt angle was
increased. It seems therefore that the chair
should not be tilted backwards too much to
maintain an anteriorly tilted pelvic position
in order to prevent low back pain. The
maximum pressure decreased when chair
tilted angle was increased, in agreement
with findings in the literature. Although only
6 subjects were included in the present study,
gualitative relationship between tilted seated
positions, pelvic alignment and the
maximum pressure on body-seat interfacein
healthy subjects was obtained. Further study
on patients is necessary to confirm the
present findings.
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The purpose of seating isto improve
pressure distribution, alignment and comfort
[1]. Adequate posture has been defined asa
posture where muscle tension is minimized
and support forces are equally distributed [2].
In normal subjects, incorrect posture can
cause back pain because it increases the load
on the intervertebral discs and increasesthe
stress on the posterior structures of the back
[3-6]. Different chairs and supports have
been studied to maintain the normal curves
of the spine during sitting.

From the previous literatures, the correct
gitting posture can be suggested through
tilting the pelvis anteriorly and making the
lumber spine toward lordosis [7]. Pelvic tilt
dictates the curves of the spine because of
the position of the sacrum, shared by these
two structures. Therefore, the key to agood
gitting posture lies in controlling the
anteroposterior tilt of the pelvis and the
related shape of the spine [8].

It is generally accepted that the main
cause of pressure sores is the prolonged
application of external pressure with both
the amount of pressure and the length of
timeit is applied being of importance [9]. In
recent years, some investigators have
examined the effectiveness of passive
pressure relief techniques, the manipulation
(e.g. tilting or reclining) of the individual’s
seated posture by some external force, and
they all found significant differencesin
interface pressure compared to a neutral
position [10-12].

The purpose of this study was to
investigate the effect of tilted seated position
on pelvic alignment and pressure
distribution in healthy subjects.

Subjects

Six norma male volunteers were
recruited in this study (mean age 25 years
old). None of them had spinal or pelvic
problems before. Their demographic data
were described in tablel.



Experimental equipments

Kinematic data were collected with a
Vicon 512 (Oxford Metrics Ltd., Oxford,
England), consisting of six infrared cameras.
9mm diameter markers were used to
describe the spatial location of the
segment .Video capture rate was 60Hz.

Kinetic data were collected with
Advanced Clinseat (Tekscan Clinical
Seating Pressure Assessment System),
consisting of approximately 2,000 individual
pressure sensing locations, which are
referred to as ‘sensing elements’, or
‘sensels’. The sensels are arranged in rows
and columns on the sensor. Each sensel can
be seen as an individual square on the
computer screen by selecting the 2-D
display mode. The digital output of each
sensel is divided into 256 increments, and
displayed as a value (raw sum) in the range
of 0 to 255 by the software. Pressure plate
capture rate was 8Hz. The kinematic data
were post processed by using linear
interpolation to increase the frequency to
60Hz for analysis.

An adjustable chair with 0.5m seat width,
adjustable seat depth, seat-to-backrest ,and
seat angle was used in the study.

Testing procedures

1. We cdlibrated Vicon system first in
order to make sure all markers can be seen
by cameras.

2. Reflected markers were placed over
bony landmarks on the trunk, shoulder, arm,
pelvis, thigh and knee. Besides, four
markers were placed on the four corners of
pressure plate, and six markers on the chair
(Figure 1, and table 2).

3. Subject flexed hip to about 90 degrees
in order to point IT (ischia tuberosity). This
technique was defined position of IT related
to pelvislocal coordinate.

4. Subjects were tested while seated on
the experimental chair. The experimental
chair was easily and reliably adjusted to
position subjects into each of the four test
positions. The Advanced Clinseat was
affixed to the surface of the experimental

chair; subjects were seated directly on the
Clinseat. Seat depth and footrest height were
adjusted to the subject’s body

measurements.

5. Proceeding equilibrium, sensitivity
adjustment, and calibration.

6. The chair was then tilted-in-space
from 0° to 5°, 10°, and 15°. Alignment of
the pelvis and the pressure distribution were
recorded smultaneoudly with Vicon system
and Tekscan Clinical Seating Pressure
Assessment System.

Data collection

Subject sat on the experimental chair.
Kinematic and kinetic data were collected
synchronized via a pointer. The seat angle
started fromQ° at first. After pointer
contacted the pressure plate, the data
collection begun, we proceeded a static trial
and ensured no markerslost. Then we

changed the seat angle to5°,10°,15°.

Data analysis

1. Local pelvis coordinate system
As Figure 2, we defined pelvis
coordinate system :

PRASI — PLASI i

zZ, =
PRASI - PLASI
Pees + Pirs _ Pras + Plas % Z_'
— 2 2 P
Yp =
Pees + Ples _ Pras + Plas % ;
2 2 P
Xp =2 X Yp

Origin of pelvis coordinate system

was Pras ; Plas .

2. Local pressure plate coordinate system
As Figure 3, we defined pressure plate
coordinate system :



— y(pp X (Prupe — Puiee)

P o — —
‘pr * (PLupe — Puiee )‘

_— — —

Zop = Xpp X Yip
Origin of pelvis coordinate system was

Piee °

We defined IT coordination on pelvis
coordinate system, then transformed to the
pressure plate coordinate system and
projected from spatial space to plane of
pressure plate. Compared the projected
points and the locations of maximum
pressure where we found on right and left
side of pressure plate.
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Pelvic tilt angle change in different chair
tilted angles is shown in figure 4. Pelvic tilt
angle increased while chair tilted angle was
increased.

The location of ischial tuberosity and
maximal pressure point in six subjects are
shown in figure 5. We found that the
maximal pressure point displaced more

posteriorly as the chair tilted angle increased.

There were some distances between ischial
tuberosity and maximal pressure point in all
subjects’ results. However, we could not find
obvious tendency between the distance and
the chair tilted angle.

The result of maximal pressurein
different chair tilted anglesis shown in
figure 6. It seems that maximal pressure
decreased when chair tilted angle was
increased except in subject 2 (Figure 6).

I~

Thefirst purpose of this study wasto
investigate the effect of tilted chair on pelvic
alignment. Pelvic tilt angle increased while
chair tilted angle was increased. That is, the

more we tilted the chair, the more pelvis
tilted posteriorly. Pelvistilted posteriorly
can cause back pain due to increasing load
on the intervertebral discs and posterior
structures of the back. To prevent low back
pain, we should not tilt the chair too much
backwards.

The second purpose of this study was to
investigate the effect of tilted chair on
pressure distribution in normal subjects. We
found that the maximal pressure point
displaced more posteriorly as the chair tilted
angle increased. The maximal pressure
decreased when chair tilted angle was
increased except in subject 2.The result was
similar to the previous studies [9-12].
Besides, increased chair tilted angles can
displace the maximal pressure point
posteriorly and reduce the maximal pressure
on the buttock simultaneously through back
support of the chair. But tilted chair will
limit the reaching areas of upper extremities
and increase the load of the cervical spine
muscles when performing daily activities.

Some measurement errors came from the
palpation of the positions of the markers on
the body surface and skin displacement. It is
apity that we are not sure whether the
maximal pressure point in the buttock during
gitting isischial tuberosity or not. Further
research can prevent the measurement errors
through accurate palpation.

Our study involved only 6 participants,
statistical analysis was limited. However, we
still can find some tendencies in the resullts.
More subjects will be included in the further
research.
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Table 1. Demographic data of the subjects

Age  Body Height Thigh  Shank Shoulder to

(y/0) weight (cm) length Length ground

(kg) (cm) (cm) height

(cm)
Subject 1 22 52.5 170 48 43 70
Subject 2 24 64 171 43 43 64
Subject 3 29 75 178 48 44 73
Subject 4 28 70 176 50 44 72
Subject 5 23 60 176 47 43 73
Subject 6 24 80 167 48 41 71




Table 2. Location of markers

Position
Trunk Shoulder, forearm, and elbow
SN Sternal notch AC Acromion
XP  Xphoid process FR Forearm
C7  T7th Cervical spinal process EMEP  Elbow medial epicondyle

ELEP  Elbow lateral epicondyle
WRB  Ulnar styloid
Pelvis WRA  Radius styloid

ASI  Anterior superior iliac spine FIN Tip of thirth finger

PSI  Posterior superior iliac spine

GT  Great trochanter

T10 10th Thoracic spinal process

Figure 1. The subject sit on an adjustable chair which may change the seat depth, the
height of foot pad, and seat tilt-angle. The markers were placed on the
subject, pressure plate, and chair.




Figure 3. Pressure plate coordinate system
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Figure 4. Pelvic tilt anglesin different chair tilted angles
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Figure 5. The location of ischial tuberosity and maximal pressure Circle represented
the maximum pressure position. Star represented the position of I T
projected to pressure plate coordinate system.
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Figure 6. Maximal pressure in different chair tilted angles
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