Comparison of Cardiopulmonary Function Changes
during Wheelchair Propulsion: Backrest Angle
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Abstract. [Purpose] Changes in cardiopulmonary function during wheelchair propulsion on a treadmill were mea-
sured using wheelchairs according to backrest angle adjustment. [Methods] Twenty-two healthy male subjects were
the subjects. Oxygen consumption (VO,, ml/min), heart rate (HR, beats/min), carbon dioxide emissions (VCO,, ml/
min), oxygen uptake per body weight (VO,, ml/kg/min), and respiration frequency (Rf) were used as the measure-
ment variables for cardiopulmonary data. [Results] The peak value, average value and value at rest were compared.
When resting, the value did not differ except for VO,, and the peak value, did not differ except for VCO,. However,
the average value in all except VO,/kg (at 13 degrees) was significantly lower than 3 degrees (93°). [Conclusion] A
13° wheelchair backrest angle (103°) provides a lower cardiopulmonary workload than the base angle (3°). A train-
ing program for good seating and posture needs to be provided
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INTRODUCTION

Most wheelchair users, including those with spinal cord
injuries, have limited use of their legs and must use their
upper extremities to propel the wheelchair?). Theoretically,
the increase in gas exchange and metabolic rate caused by
the interaction of the primary cardiovascular and respi-
ratory systems, in order to replenish the oxygen extracted
from the blood, must be spread to the motor muscles. To
carry oxygen to the muscles, cardiac output and pulmonary
circulation must be increased, and peripheral vasodilatation
done properly. At this point oxygen uptake (VO,) in muscle
oxygen is equal to the oxygen utilization ratio and ventilation
is increased in response to the reaction of carbon dioxide
(VCO,)». However, objective measurement of whose
physical fitness is impossible®). There have been numerous
studies on the effects of gender and age using static evalu-
ations of cardiopulmonary response® using a treadmill,
bicycle ergometer, wheelchair ergometer exercises or arm
ergometer?). However, there has been little research on
the cardiopulmonary function of wheelchair propulsion
according to time and backrest angle, especially research
that includes sitting in a wheelchair.

The purpose of this study was to evaluate the cardiopul-
monary response of adult male subjects during wheelchair

Table 1. Characteristics of the subjects

propulsion at different backrest angles and compare the
change in oxygen uptake (VO,), respiratory frequency
(Rf), heart rate (HR), carbon dioxide emissions (VCO,) and
oxygen uptake per body weight (VO,/kg).

METHODS

The subjects were twenty-two healthy young men with a
mean age of 22.2+1.7 years, a mean height of 174.5+5.3 cm,
a mean body weight of 67.6+10.5 kg and a mean body-mass
index of 22.2+2.8. All of them provided their informed
consent (Table 1).

In the procedure, a wheelchair treadmill was used for
wheelchair propulsion in the sitting position. The measured
cardiopulmonary variables were oxygen consumption
(VO,, ml/min), heart rate (HR, beats/min), carbon dioxide
emissions (VCO,, ml/min), oxygen uptake per body weight
(VO,, ml/kg/min), and respiration frequency (Rf). The
measurement variables were measured using the breath-by-
breath method.

Participants pushed the wheelchair at the basic backrest
angle of 3° (93°) and 13° (103°) of backrest angle and
rested for several minutes before the test (Figs. 1, 2). The
lowest values of Rf, VO,, VCO,, VO,/kg, HR during the
rest period were recorded. Thus, each participant acted as

Age (yrs)

Height (cm) Weight (kg) BMI (kg'm™2)

Male(n=22) 22.2+17

174553

67.6+10.5 22.2+2.8

Mean SD, BMI; Body Mass Index
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Fig. 1.

Wheelchair propulsion at 3
degrees of backrest angle

Fig. 2. Wheelchair propulsion at 13

degrees of backrest angle

Table 2. Comparison of physiological responses between the two backrest angles in the resting period

R Vo2 Vco2 Vo2/kg HR
angle g in) (ml/min) (ml/min) (ml/kg/min) (bpm)
3° 189+32 25294515 3112+817 38406 76.3 + 10.6
13°  203+45 2815+ 73.5% 350241460 4.1 +0.8* 777+ 13.4

#p<0.05

Table 3. Comparison of physiological responses between the two backrest angles during maximal exercise

angle Peak R Peak Vo2 Peak Vco2 Peak Vo2/kg Peak HR
(f/min) (ml/min) (ml/min) (ml/kg/min) (bpm)

3° 35.8+10.4 856.9 £ 195.1 1225.8 £337.6 12.7+3.0 128.9+£23.3

13° 31.7+6.7 788.5 + 178.1 1051.4 +£277.2°  11.8+2.38 116.2 +£21.0

#p<0.05

Table 4. Comparison of physiological responses between the two backrest angles during wheelchair propulsion

angle R (f/min) Vo2 Veo2 Vo2/kg HR
(ml/min) (ml/min) (ml/kg/min) (bpm)

3° 30.0+9.0 697.1 £ 160.5 1019.0 +288.6  10.4+2.3 118.7 £20.9

13° 253+6.0" 654.4 + 146.3" 8749 +2283" 98+24 107.7 £20.1"

#p<0.05

his own control with a 1-to-3 day rest period between each
experiment.

Subjects sat in a wheelchair for a period of at least three
minutes and were then instructed to maintain a speed of 60
m/min. After a one minute warm-up, subjects propelled the
hand rim at 60 m/min for ten minutes. All measurements
were recorded every two minutes.

All analyses were performed using SPSS for Windows
version 12.0. Data in the two experimental conditions are
expressed as mean + SD. The differences between backrest
angles (3°/13°) for cardiopulmonary function were analyzed
using the independent t-test. An alpha level of 0.05 was used
as the criterion of statistical significance.

RESULTS

Rf, HR and VCO, at rest at the backrest angle of 3° were
not significantly different from that at 13°, but VO, and VO,/

kg were significantly different between 3° and 13° (p<0.05)
(Table 2). The mean value of peak VCO, was 1,225.8 mL/
min at 3° and 1,051.4 mL/min at 13°, a significantly lower
level at 13° (p<0.05). However, the mean values of peak
Rf, VO,, VO,/kg and HR showed no significant differences
between the angles of backrest (Table 3). VO,/kg during
the wheelchair propulsion showed no significant difference
between the angles of backrest. Rf (30.0 f/min), VO,
(697.1 mL/min), VCO, (1,019.0 mL/min), HR (118.7 bpm)
in wheelchair propulsion at 3° were significantly lower than
Rf (25.3 f/min), VO, (654.4 mL/min), VCO, (874.9 mL/
min) and HR (107.7 bpm) at 13° (p<0.05) (Table 4).

DISCUSSION
Most studies on cardiopulmonary function and wheel-

chair propulsion have focused on the methods of wheelchair
propulsion and how to use a wheelchair. Because wheelchair



propulsion times did not exceed one minute, they did not
provide an accurate evaluation of wheelchair propulsion in
daily life>©).

The purpose of this study was to measure cardio-
pulmonary function with changes in backrest angle in
wheelchair propulsion. The main focus of cardiopulmonary
exercise stress is HR, cardiac output etc., and performance
of practical functions affected by the posture of body.
In addition, important decision factors in the ventilation
ability are the amount of maximum oxygen inhalation and
the heartbeat”). In this study, only VO, showed a difference
when the backrest angle was changed. Rf, HR, VCO,, VO,/
kg showed no significant differences between the resting
period. In general, resting inspiration and expiration occur
10-25 times/min, but respiration can rise up to 40—45 times/
min during physical activities®. The results of the present
study were similar to the results of previous studies, in that
the average Rf was 20 times/min in the resting period and 35
times/min during peak exercise.

As the backrest angle increased from 3° to 13°, Rf, VO,,
VCO,, and HR showed a tendency to decrease. Yune and
Byun® reported similar results indicating that Vo2 is lower
in the supine position than in standing. In a previous study,
while the cardiac output was decreased from that of supine
in the head up posture, because of decreasing stroke volume
and increasing heart rate, cardiac output was increased
by increasing stroke volume in the head down posture!?).
Takahashi et al.') reported that Vo2 and anaerobic threshold
are influenced by exercise position. The results of their study
showed that when the backrest angle was inclined from 20 to
60 degrees, HR significantly decreased. VO, and VCO, also
tended to decrease, but not significantly. These results differ
from those of the present study. We consider the reason for
the difference in the results is that the rear wheel axis of the
reclining wheelchair used in this study was moved further
back than that of a regular wheelchair.

In particular, HR measurement is very simple and even
errors in the measurement of 30 seconds as low as 1-2%
appears; a single measure for the prediction of workload
and energy consumption has been recommend for higher
accuracy'?. For the peak values, there were no significant
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differences except for VCO, at the different backrest angles.
However, as the study of Kusano et al.) reported, in a
comparison of cerebral palsy and normal adults, the peak
HR, VE, etc. were different and work efficiency (PWC) was
as poor as 50% of normal subjects. In this study, however,
we did not compare the relationship between the backrest
angle and PWC, because it was not measured.

In conclusion, a 13° wheelchair backrest angle provided
lesser cardiopulmonary workload than the basic angle (3°).
Therefore, a training program for good seating and posture
needs to be provided. Further study of the backrest angle of
wheelchairs will be needed to determine optimal efficiency
of cardiopulmonary capacity.
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