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Abstract

Decreased respiratory function is associated with a slouched posture in a wheelchair for elderly persons with severe kyphosis. We compared the use of a wheelchair
with a pelvic support belt and standard wheelchair use in persons with severe kyphosis. The subjects were 22 healthy individuals. We assessed head, neck, and trunk
posture; forced vital capacity (FVC), percent predicted forced expiratory volume in 1 second (FEV), tidal volume (VT), respiratory frequency, VO,, and VCO, We
found that the use of a wheelchair equipped with a pelvic support belt improved head and neck alignment and reduced forward motion in the trunk. No significant
differences between the two types of wheelchairs were found in terms of VO, and VCO,. However, use of a wheelchair with a pelvic support belt was associated
with increases in FVC and FEV,. Additionally, use of a wheelchair with a pelvic support belt was associated with greater VT and was larger than that of WC. And
the respiratory frequency in those using a wheelchair with a pelvic support belt was smaller than that of WC. The postural changes that resulted from the use of a
wheelchair with a pelvic support belt were found to improve respiratory functioning by increasing the tidal volume through enlargement of the thorax and decreases

in respiratory frequency.

Introduction

The wheelchair is an important ambulatory aid for elderly disabled
individuals [1]. The standard type wheelchair is widely utilized among
most of these individuals. The back support of the standard type
wheelchair comprises two parallel rods and a flat cover, which does
not support individuals with kyphosis. As the trunk is pushed forward,
these individuals exhibited a Forward Head Posture [2-4]. FHP not
only fatigues the erector spinae muscle but also increases the integrated
muscle activity of the suprahyoid muscle during swallowing [5,6]. Also,
especially, for elderly persons with severe kyphosis, the pelvis tends
to slide forward [7], resulting in a posterior tilt of the pelvis [3]. A
posterior tilt of the pelvis promotes the plating of the lumbar spinae
and worsens the kyphosis [8]. Because of the pushing of the abdominal
cavity and thoracic cavity that occurs with slouching, respiratory
function is reduced [9].

Rehabilitation staff assist disabled elderly persons to address these
postural malalignments. As most therapists know the importance of
pelvic stability, they attach a cushion or pad to the trunk of the wheelchair
user [8]. However, many wheelchair users experienced discomfort while
sitting [7]. Nishimura developed the active balance seated wheelchair
(ABSW). The ABS wheelchair was developed based on ABS theory.
The ABSW maintains appropriate head and neck alignment [10,11]. To
attain this posture, the pelvic and thoracic support belts support the
trunk. The pelvic support belt supports the pelvis like an arch, while
the thoracic support belt supports the lower thorax. Many reports have
suggested that respiratory function is affected by changes in posture,
such as standing or sitting [11-13]. However, there are few studies on
wheelchairs and chairs [14,15]. Thus, this study aimed to clarify that
use of an ABSW improves respiratory functioning. Because this is a first
step, the subjects were healthy individuals.
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Materials and methods

Twenty-two healthy individuals were selected (Table 1). Individuals
with a history of respiratory disease were excluded. Ethical approval
was obtained from the Ethics Review Committee, Faculty of Health
Sciences, Hokkaido University (14-78) and written informed consent
was obtained prior to testing.

Methods

We used two wheelchairs: Zaou (development code NA-501) for the
ABSW (Figure 1) and a standard wheelchair (development code NA-
400) as the control (Nissin Medical Industries, Japan for both). Zaou
has a function allowing it to respond by adjusting the tension of the
pelvic support belt to the posture in which elderly disabled individuals
sit, with the posterior pelvis inclined. However, the setting with the
pelvic support belt is the standard setting.

In the standard wheelchair, individuals sit in the posture that is often
seen as an elderly person’s posture. The hand support handle of the back
support was folded, and the great trochanter was moved 5 cm forward
from the state of sitting down deeply. After that, the back support
was raised from behind. We set a target for individuals to see, and the
height of target is 1.2 meters from the floor. Besides, we instructed the
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Figure 1. The wheelchair that we used in this experiment (active balance seated wheelchair);
(a) shows the angle of back support, and (b) shows the stretched support belt. The pelvic
support belt is stretched like an arch, as viewed from above. The thoracic support belts are
stretched to cross over each other.

Table 1. Demographic data of individuals (n = 22).

Male (n=11) Female (n = 12)
Age (years) 22.36 +0.64 23.0+1.6
Height(cm) 172.11 £3.89 155.81 £ 6.36
Weight(kg) 62.09 +6.55 49.98 +5.37

individuals to look forward the target. The individuals were instructed
not to release the trunk from the back support (Figure 2).

Measurement and analysis of posture and gas exchange

Sitting in each chair took 5 minutes. This time was needed to
acclimate to the chair, find a comfortable position, and regulate
breathing [14]. After that, we assessed the subjects posture and
measured the gas exchange.

To assess the posture, surface landmarks of the neck and trunk
were identified and marked by placing an adhesive reflective ball on
the C7 spinous process, tragus of an ear, great trochanter, patella, and
lateral malleolus of the individuals. Reflective balls were stuck to the
skin using double-sided tape. For each individual, sagittal photographs
of the neck and trunk were taken from the right-hand side using a 2.07
megapixel digital camera (Canon iVIS HF M43, Japan). The position of
each marker was recorded and automatically digitized using Dartfish
software (Dartfish Co., Ltd., Lausanne, Switzerland).

Postural analysis is performed on two points: position and attitude.
For position, the head angle, neck angle, and trunk angle are measured.
The definition of each angle is shown below [13,16-19].

* Head angle is the angle between the line from the lateral orbital rim
to the tragus and the horizontal angle.

* Cervical angle is the angle between the line from the tragus to the C7
spinous process and the horizontal angle.

* Trunk angle is the angle between the C7 spinous and the greater
trochanter and the horizontal angle.

Attitude is as follows [13,16-19].

* Head joint angle is the angle between the line of the lateral orbital
rim and tragus and the line connecting the tragus and C7 spinous
process.

¢ Cervical joint angle is the angle between the line tragus and C7
spinous process and the line connecting the C7 spinous process and
the greater trochanter.
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* Trunk joint angle is the angle between the line C7 spinous process
and the greater trochanter and the line connecting the greater
trochanter and patella.

Gas exchange was measured for tidal volume (V'T), respiration rate/
minute (Rf), and VO, and VCO,. We used Quark CPET (COSMED) as
the measuring instrument and calibrated it before the experiment. In
the measurement, after giving a mask to the participants, we instructed
them to see the target in front and urged them to rest for approximately
5 minutes (Figure 2). The resting breath for the following 5 minutes
was recorded. Then, we analyzed the last 3 minutes and calculate the
average value.

Pulmonary function testing

Following the gas exchange measurement, a pulmonary function
test using a spirometer was performed. Respiratory function was
measured for forced vital capacity (FVC) and forced expiratory volume
in 1 second (FEV),). The spirometry was completed using a Master Scope
PC spirometer (Minato, AS-507, Osaka, Japan) that was calibrated prior
to testing. The tests were repeated 3 times according to the standard
maneuver criteria previously described [20]. We practiced in order to
minimize the effect of the trunk.

Statistical analysis

The posture, gas exchange, and spirometer values were determined
and compared between the Zaou and standard wheelchair using a
paired t-test with the level of significance set at P < 0.05. Statistical
analyses were performed using Statistical Package for the Social
Sciences software (version 25; IBM).

Results

Statistical power

The statistical power was found to be 0.87 (effect size = 0.5, f/a ratio
= 1, and total sample size = 22).

Comparison of posture between wheelchair types

The mean + SD head angle was 31.01 + 6.88° for the Zaou and 26.97
+ 7.7° for the standard wheelchair. The mean + SD neck angle was 54.37
+ 5.08° for the Zaou and 40.44 + 8.25° for the standard wheelchair. The
mean + SD trunk angle was 125.67 + 3.95° for the Zaou and 114.05 +
3.18° for the standard wheelchair. There was a significant difference in
all angles between the wheelchairs types (Table 2).

The mean + SD cervical joint angle was 108.08 + 5.23° for the
Zaou and 106.48 + 7.38° for the standard wheelchair. No significant

Figure 2. Postures of the experiment. Individuals sit in the ABSW (left), and in a standard
wheelchair (right). The pelvis support belt was set at the standard setting, and the individual
sits the pelvis down to the preset depth. In the standard wheelchair, individuals sit with their
pelvis sliding forward. After that, the back support is set to the original position.
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differences between the two types of wheelchairs were found. The mean
+ SD head joint angle was 156.65 + 7.28° for the Zaou and 165.88 + 9.86°
for the standard wheelchair; the mean + SD trunk angle was 116.18 +
5.9° for the Zaou and 116.88 + 6.26° for the standard wheelchair. The
differences in neck joint angle and trunk joint angle between users of
the two types of wheelchairs were found to be significant (Table 3).

Comparison of gas exchange and spirometer values between
wheelchair types

The mean + SD FVC was 2.67 + 0.77L for the Zaou and 2.25 + 0.67L
for the standard wheelchair. The mean + SD FEV | was 2.33 + 0.84L for
the Zaou and 1.93 + 0.68L for the standard wheelchair. The differences
in both of these values in the two types of wheelchairs were found to be
significant (Table 4).

The mean + SD VT was 0.5 £ 0.21L for the Zaou and 0.46 + 0.15L
for the standard wheelchair. The mean + SD Rf was 15.93 + 3.87 for the
Zaou and 17.24 + 3.69 for the standard wheelchair. VT and Rf values
were significantly higher in the Zaou than in standard wheelchair users.
There were no significant differences between groups in VO, and VCO,
(Table 5).

Discussion

The purpose of this study was to clarify that use of the Zaou improves
respiratory function. Calories consumed at rest are approximately 1.0-
1.2 calories (kcal) per minute. At this time, the amount of oxygen to be
taken in and consumed in the body is set to approximately 0.2-0.25 L
per minute, and when this oxygen intake is divided by the weight of the
person, on average, it is 3.5 ml per kg body weight per minute [21]. A
large oxygen uptake indicates that calorie consumption is high in the
seated position.

In this study, there were no significant differences in oxygen
intake or in carbon dioxide production. Therefore, it can be concluded
that there were no differences in energy expenditure due to postural
differences. However, the ways of ingesting oxygen differed between the
two groups. In other words, in the standard wheelchair users, the tidal

Table 2. The difference in position between wheelchairs.

SwW Zaou P value
Head angle 27.0+7.7° 31.0+6.7° 0.02
Cervical angle 404 +8.3 544 +5.1 <0.01
Trunk angle 114.15+3.2 125.7+4.0 <0.01
Table 3. The differences in attitude between wheelchairs.
SW Zaou P value
Heal joint angle 165.9 +£9.9° 156.7 +7.328° <0.01
Cervical joint angle 106.5 + 7.4° 108.1 £5.2° 0.23
Trunk joint angle 102.9£6.3 116.2 £ 6.0° <0.01
Table 4. Comparisons of FVC and FEV, between wheelchairs.
Sw Zaou P value
FVC(L) 2.25+0.67 2.67+0.77 <0.01
FEV (L) 1.93+0.68 2.33+0.84 <0.01
Table 5. Comparisons of gas exchange values between wheelchairs.
SwW Zaou P value
VT (L) 0.46 +0.15° 0.5+0.21° 0.04
Rf (breaths/min) 17.24 +£3.69 15.93 £3.87 0.02
VO, (ml/min) 202.93 + 66.25 203.41 £ 67.86 ns.
VCO, (ml/min) 163.34 +56.48 165.16 £ 56.11 ns.
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volume was small and the breathing frequency was high, whereas in the
ABSW, users the tidal volume was large and the breathing frequency
was low.

In the pulmonary function test measured by the spirometer,
the FVC of the standard wheelchair users was significantly lower.
Individuals in this study were healthy, and despite the fact that there
were no problems in respiratory function, the reduction in vital capacity
of effort was thought to be because the wheelchair posture restricted the
movement of the ribcage.

Influence of standard wheelchair on breathing function

The back support rod of the standard wheelchair is attached at
96° to the seat. Between two rods, it is stretched with a flat seat. The
thorax and pelvis of an elderly person using a wheelchair are curved
when viewed from above, and in contact with a flat back support in
a small area [3]. It is also clear that straight back support pushes the
subject’s trunk forward [3,10]. This research was an experiment for
healthy subjects, but in order to mimic elderly disabled people, we slid
their pelvis forward and sat down. Sliding the pelvis forward prompts
the pelvis to tilt backward. The posterior tilt of the pelvis increases the
kyphosis as well as flattens the lumbar vertebrae [22]. As a result, the
exaggerated kyphosis was attached to a small area on the linear back
support, and the trunk was pushed forward. Thus, it became slouched
posture. Sasaki and colleagues showed the influence of differences in
back support angles on breathing [23], in which healthy subjects sat in
a reclining wheelchair and had their respiratory functioning assessed.
The angle of the reclining wheelchair was set to the angle (BASE), BASE
+10°, BASE -10° which the subject feels is comfortable. They found the
base angle to be 119°. Significant differences were observed between
the BASE + 10° and the BASE, and the BASE + 10° and the BASE —
10°, and the integrated muscle activity of the average muscle of the
upper trapezium superficial fibers in the maximal inspiratory phase.
In other words, it showed that the BASE + 10° increases the muscle
activity of the upper trapezius muscle fibers more than the BASE and
BASE — 10°. This indicates that more muscle strength is needed to
spread the collapsed thorax, which was pushed forward. In addition,
people who have pain in the neck tend to raise the muscle activity of the
upper trapezius muscle, and have a possibly altered movement pattern
of the thorax during respiration [9]. Specifically, it was clarified that the
increase of kyphosis decreases the FVC, the total ventilation volume,
and the amount in 1 second [24,25]. We consider that the decrease
in FVC and tidal volume are the result of the posture created by that
standard wheelchair.

Effect of wheelchair with pelvis support on respiratory
function

The Zaou used in this study has a completely different back support
structure than the standard wheelchair. The rods of the back support
are inclined backward. Between the two rods, the pelvic support belt
forms an arc when viewed from above, and the thoracic support belt
is stretched over the cloth. The pelvic support belt supports the pelvis
curvilinear and prevents the pelvis from tilting backward. Preventing
the posterior tilt of the pelvis mitigates the reinforcement of exaggerated
kyphosis [22,26]. Furthermore, since the back support rods are tilted
backward more than in the standard type wheelchair, it promotes the
backward inclination of the trunk. Szczygiel and colleagues showed that
the angle of back support is more than 95-100°, and 105-110° is where
the number of breaths becomes smaller [15]. A declining respiratory
rate with the use of Zaou is supported by previous studies.
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The reason why Zaou contributed to the decrease in respiration rate
is that the movement of the thorax caused by relaxation of the kyphosis
has expanded. Elderly people with exaggerated kyphosis have limited
movement in the ribs and reduced lateral expansion of the thorax. As
a result, the total ventilation is reduced [27]. It is thought that Zaou
promotes the backward inclination of the trunk, which contributes to
alleviating the back curvature of the thoracic vertebrae and expands the
mobility of the thorax cage.

Conclusion

ABSW promoted appropriate posture in head and neck alignment
and improved respiratory functioning.
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