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Abstract

This study was designed to investigate the effects of sitting posture on sitting pressures and
electromyograms to obtain baseline data for improving seating for the elderly. The subjects
were ten healthy Japanese men, and nine sitting positions were tested utilizing an experimental
modular chair. Pressures on the seat and back, and surface electromyograms of the tibialis
anterior, soleus, vastus medialis, superior trapezius, and iliocostalis-lumborum for each sitting
position were recorded. The results were as follows: 1) Pressure on the seat was significantly
increased when the seat height was high and when the armrest height was high or low. 2) Pres-
sure on the seat was increased at a back angle of 110 °, and pressure on the back was increased
at back angles of 100 ° and 120 °. 3) High seat height did not place a direct burden on the
soleus, but affected the posture resulting in a burden on the legs. 4) Integral electromyograms
were increased significantly at a high armrest height, and it is predicted that a poor armrest

fit may place a burden on the shoulders.

Introduction

People spend much of their time during the course of a day sitting in a chair, particularly with elderly
wheelchair users in care facilities. This has been confirmed in time study investigations of the residents in
such facilities [1-2].

However, most elderly people use standard wheelchairs, and usually the seat or armrest height is not
adjustable to the user’s physique. For example, Ueno et al. (1992) reported that the average lower-thigh
height of the elderly in Japan is 0 370 mm (men) and O 340 mm (women), and the average sitting elbow
height is 200 mm (men) and O 180 mm (women) [3]. However, standard wheelchairs are designed for
users with lower-thigh of 400~470 mm and sitting elbow heights of O 230 mm. Since these wheelchairs
have inappropriate dimensions for the user, they cause forced posture and result in physical stress. As the
population ages, improvements have been made in the living environment of nursing homes for the elderly,
such as the trend toward single occupancy, but few changes have been made in seating. Several studies
have been done on seating for driving or office work [4, 5], and effects of chair/wheelchair-accessories like
cushions or backrests on sitting pressures, and positioning of wheelchairs [6, 7]. With regard to studies
involving sitting pressures and electromyograms, Inagaki et al. (2000) reported on an evolutionary driving

seat [8], and Yukawa et al. (2002) reported on an evolutionary wheelchair [9]. These studies dealt with
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particular seating or products, but didn’t cover general seating for the elderly.
The purpose of the present study was to obtain fundamental data to improve seating for the elderly by
investigating (1) the effects of sitting posture on sitting pressures, and (2) the effects of sitting posture on

electromyograms, utilizing a custom-ordered experimental modular chair.

Methods

(1) Subjects

Ten healthy Japanese men participated in this study. The physical characteristics of the subjects are
shown in Table 1. The subjects were 20.2+0.9 years old (Mean + SD), 172.3 £+ 3.2 cm tall, and weighed
62.3 + 10.6 kg (Table 1). They wore short pants and T-shirts during the experiments.

Table 1 Physical characteristics of subjects

Subject—1 20 174 85 4“4 28 93 37.5

Subject-2 20 173 57 45 24 94 33.5
Subject-3 20 174 55 47 26 92 32.5
Subject-4 21 166 55 43.5 25.5 91 32.5
Subject—5 20 170 52 43 27.5 92.5 31.5
Subject-6 22 175 54 47 22 91 31
Subject-7 21 175 72 44.5 27 98 36
Subject-8 19 171 60 45 26.5 93 34.5
Subject-9 20 176 72 47 26.5 96.5 36
Subject-10 19 169 61 43 23 89 34.5
Mean 20.2 172.3 62.3 44.9 25.6 93.0 34.0
SD 0.9 3.2 10.6 1.6 2.0 2.7 2.1

Fig. 1 The experimental modular chair
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(2) Experimental modular chair
A modular chair was custom ordered for this experiment (Figure 1). The sitting height, armrest height,

seat depth, back angle, and seat tilt were adjustable. The specifications are shown in Table 2.

(3) Procedures
The experiments were performed between July and August 2003 in an air-conditioned room at Kawasaki
University of Medical Welfare. After the experimental routine was explained fully to each subject, their
physical measurements were taken. Sitting pressures and surface electromyograms were measured for each
subject while sitting in a relaxed manner in each of nine positions (Table 3).
(3-1) Sitting pressures
OThe measurement system (apparatus and analysis software) used was Force Sensing Array Ver.3.1
(Takano, Nagano, Japan). This system was capable of recording the pressure on the seat and back
at 5 frames/second. After the sitting posture of each subject had stabilized, data were obtained for
20 seconds (100 frames). The middle 50 frames were selected, and the total contact areas (the area

which the sensor detects the body pressure) and the average pressures were calculated.

Table 2 Specifications of the experimental modular chair

Seat height H=290~510mm 30mm
Armrest height H=200~460mm 20mm
Seat depth D=300~480mm 20mm
Back angle A=0~45° no—interval
Seat tilt A=0~25° no-interval

Table 3 Nine seating positions of the experimental modular chair

lower—thigh length
(basal seating) armrest height = elbow height
back angle = 100°
seat depth = buttock—popliteal length — 40mm
seat tilt = 0°

1 basal s. seat height

2 sh-90 seat height = lower—thigh length — 90mm
3 sh+90 seat height = lower—thigh length + 90mm
4 sh+180 seat height = lower—thigh length + 180mm
5 ah—60 armrest height = elbow height — 60mm

6 ah+60 armrest height = elbow height + 60mm

7 ah+120 armrest height = elbow height + 120mm

8 ba 110 back angle = 110°

9 ba 120 back angle = 120°

JAIl positions were the basal seating exept for the change
in the seating position column.

[OEach setting value was determined by referring to other
studies [10,11] and a previous pilot study.
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(3-2) Surface electromyograms (EMGs)

OEMGs were recorded with a Multi Telemeter MT11 (NEC Medical Systems, Tokyo, Japan). After
cleaning the skin with alcohol, surface electrodes were attached with conducting paste to the tibialis
anterior, soleus, vastus medialis, superior trapezius, and iliocostalis-lumborum at the L3 level on the
left side of the body. The time constant was 0.03 s, the high-cut filter was 100 Hz, and the notch
filter to cut off the ham was 60 Hz. The analytical software used was Bimitus II (Kissei Comtec,
Nagano, Japan). Data were taken over a period of 90 seconds and the middle 30 seconds of data
were used for analysis. The baselines were corrected and integral EMGs (iIEMGs) were calculated.

(3-3) Statistical Analysis
OStatistical analysis was by paired t-test.

ODifferences were considered significant at p<0.05.

Results

(1) Sitting pressures

Figures 2-1,2 show sitting pressures for each seat height. Raising the seat height resulted in increased
total contact area on the seat, and the differences compared to basal seating were significant. However,
setting the seat height lower or higher than basal seating increased average pressure on the seat. Figures
3-1,2 show the results for each armrest height. There were no significant differences in total contact area.
However, just as in the case for seat height, both lowering and raising the armrest from basal seating
increased average pressure on the seat.

Figures 4-1,2 show the results for each back angle. Both the total contact area and the average pressure
on the seat were higher at a back angle of 110 ° than at angles of 100 ° or 120 °. The pressure on the back

was lower, however, at a back angle of 110 °.

(2) Surface electromyograms

The average iEMGs of ten subjects for each sitting position are shown in Figure 5. The iEMGs of the
superior trapezius were increased at armrest heights of +60 and +120, but were decreased at back angles
of 110 ° and 120 °. Among these differences, the values for the armrest height of +120 were especially
significant. The iEMGs of the soleus were increased at sh+90 and sh+180, but the differences were not
significant. No other differences were detected in the other muscles.

Figure 6 shows the soleus iEMGs for each subject. The iEMGs of subject-1 at sh+180 and subject—3 at
sh+90 were especially high.

Figure 7 shows the superior trapezius iEMGs for each subject. More than half of the subjects showed
increased iEMGs at ah+60 and ah+120. These results indicated that armrest height had a particularly
marked effect on IEMGs.

Discussion

(1) Relationship between sitting position and pressure
Generally, sitting pressure is concentrated on the ischium when the seat height is low, and it is dispersed
over the undersurface of the thigh when the seat height is high [11]. In this investigation, the total contact

area increased significantly as the seat height was increased from -90 to basal seating, +90 and +120. The
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average pressure on the seat increased in both cases when seat height was lowered and raised, which showed
the burden on the seat increased under these opposite conditions. As stated in the introduction, many
elderly people use wheelchairs with seat heights higher than their lower-thigh length, which has negative
effects on the muscles of the posterior thigh. As there were no clear changes in the total contact area or
the average pressure on the back, the increased burden caused by raising the seat height was shifted from
the weight on the plantar. However, the experimental equipment used in this study was only capable of
recording pressure in two places simultaneously which precluded obtaining pressure data from the plantar.
This problem will be examined in a future study.

The average pressures on both the seat and the back were increased significantly when armrest height
was lowered to —60, suggesting that part of the weight on the armrest was shifted to the pressure on the
seat and back. However, the average pressure on the seat also increased when the armrest height was raised
from the basal level to +60 and +120. Thus, setting the armrest to the sitting elbow height apparently is
moderately effective in dispersing sitting pressure.

The pressure on the seat was increased at a back angle of 110 °, and that on the back was increased
at back angles of 100 ° and 120 °. Noro et al. (1991) reported that a sitting posture of 110 ° is the most
comfortable [12], implying that decreasing the pressure on the back is effective in promoting comfort.
These results indicate that shifting the back angle around 110 ° is effective in controlling the dispersion
of pressure. For example, if the back angle of the chair/wheelchair is adjustable, this fact would make it
easy to adjust the pressure on the seat and back for the elderly who have difficulty in shifting their sitting

position by themselves.

(2) Relationship between sitting position and surface electromyograms

The iEMGs of the soleus showed a marked increase when the seat height was increased from the basal
level to +180 (subject—1) and +90 (subject-3). Both subjects extended their toes to reach the floor at that
time, which was considered to be an unconscious desire to attain a stable posture. That is, the high seat
position itself does not stress the soleus, but the halfway seat height affects posture by placing a burden
on the leg.

The iEMGs recorded from the trapezius showed significant increases when the armrests were high. As
mentioned previously, existing wheelchairs are generally too large especially for elderly people. Further-
more, this tendency is exacerbated in patients with kyphosis. A poor fitting wheelchair in which the
armrest is too high results in a burden on the shoulders and could cause neck stiffness, ete.

In this experiment, EMGs were measured on five muscles, and a significant correlation with posture was
observed only for the trapezius. It appears that there is no great burden on muscles involved directly in the
sitting posture, such as those of the waist, the back, and the legs. However, Inagaki et al. (2000) reported
that stress caused by prolonged seating raised the iEMG of the psoas [8]. Therefore, further studies will

be performed on the effects of sitting for prolonged periods.
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