Kawasaki Journal of Medical Welfare Vol. 29, No. 1, 2023 1-6

Original Paper

Differences between Riding Positions on
Oxygen Uptake during Tandem Bicycle Pedaling

Sho ONODERA*', Takuma WADA **, Yasuo ISHIDA **,
Akira YOSHIOKA **, Kiho SO*’, Sotaro HAYASHI *°,
Yurie ARATANI*, Kaori MATSUO", Yasuko ISHIMOTO"',
Terumasa TAKAHARA*, Hidetaka YAMAGUCHI*® and
Keisho KATAYAMA™

(Accepted May 23, 2023)

Key words: tandem bicycle, oxygen uptake, heart rate, blood pressure, RPE

Abstract

The aim of this study was to prove the new Douglas bag use method and the hypothesis that
oxygen uptake of front riders was higher than rear riders during tandem bicycle riding in a field
study. Fourteen male subjects volunteered to participate in this study. The heart rate, oxygen
uptake, blood pressure and rating of perceived exertion (RPE) were measured. The rear-riding
participant operated the cock of the Douglas bag. A significant difference was observed between
the front rider (22.8+6.3 ml/kg/min) and rear rider (20.2+6.4 ml/kg/min) where oxygen uptake
was lower for the rear rider than the front rider (p<0.05). RPE tended to be higher for front riders
than for rear riders. The originality of this study is in the development of the idea of a method
of exhaled gas sampling using the new Douglas bag method. A new finding is that we clarified
the physical stress of tandem bicycle riders in terms of both energy expenditure and perceived
exertion. This study successfully measured the absolute value of oxygen uptake in a field
experiment. Our results suggest that front riders are more stressed than rear riders. This study
confirmed the physiological stress of the front rider based on the new Douglas bag use method in
a field study.

1. Introduction

A tandem bicycle is a two-seater bicycle in which the front and rear rider cooperate in pedaling. Due to
factors such as wind pressure, handling and braking, the physical responses of front riders are higher than
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that of rear riders”. Previous field studies® reported that the degree of physical responses during tandem
cycling was determined from relative oxygen uptake (%VO,) calculated from heart rate (HR). It is well
known that there is a linear relationship between HR and VO, during leg cycling and a lot of studies have
utilized the individual HR-VO, equation to estimate VO, and energy expenditure during exercise in the
field*®. We calculated %VO, from HR for the 2-hour, 3-hour, and 5-hour tandem bicycle races®*”. From these
field experiments, we obtained data that front riders have a higher physical response than rear riders™,

Previous studies have already performed breath gas analysis during single seat-bicycle pedaling in
the field™”. However, no previous field studies have directly analyzed the exhaled gas of subjects during
tandem cycling. Breath gas analysis is used to quantify the concentration of oxygen and carbon dioxide in
exhaled breath. For the first time, we developed a method to measure oxygen uptake of subjects during
tandem bicycle riding using the Douglas bag method.

Therefore, the aim of this study was to prove the new Douglas bag method and the hypothesis that the
oxygen uptake of front riders is higher than that of rear riders during tandem bicycle riding in field studies
using the Douglas bag method.

2. Methods

Fourteen male subjects volunteered to participate in this study. Average (SD) age, body weight and body
height were 33 (8.4) years, 73 (7.8) kg and 171 (6.1) cm, respectively.
The heart rate (HR; RS800CX; POLAR, Sweden), oxygen uptake, blood pressure (501; KENZMEDICO,

11 .
! were measured. Heart rate was measured at rest, during

Japan), and rating of perceived exertion (RPE)
exercise, and at the end of exercise. Blood pressure was measured before and after exercise. RPE was
scored using the Borg scale' and was measured during the riding at each rep. Participants were seated
for 30min at rest. Oxygen uptake (ml/kg/min) of participants during rest was measured using the Douglas
bag method. Expired gases were collected in the Douglas bag during the 60s. Gas fractions were analyzed
by mass spectrometer (ARCO-2000; AROCO SYSTEM, Japan) that was calibrated before each test. The
expired gas volume was measured using a certified dry gas meter (DC-5; SHINAGAWA, Japan). As for
the VO, measurement, Taylor et al. reported the error associated with Douglas bag testing of VO, during
exercise to be 24%'". Since then, the Douglas bag method has been considered to be the gold-standard
method in the exercise and sports sciences field, and it has recently been utilized to verify the accuracy of
VO, measurement with online breath-by-breath gas analysis systems™".

Fourteen subjects were divided in tandem into seven pairs. Pairs matched subjects with the same oxygen
uptake. Subjects cycled for six laps on an outdoor 400m track one day and again on a 2™ day in reversed
positions on the tandem bike. The pedaling rate was maintained at 90 rpm using a metronome. The speed
of the tandem-bicycle was about 33km/h. The same gear ratio was used for pedaling.

The rear-riding participant operated the cock of the Douglas bag. The rear-riding subject opened the
cock of the front rider's Douglas bag at 270 seconds after the start of the exercise and closed the cock at
330 seconds. Moreover, the rear-riding participant opened the cock of his Douglas bag at 300 seconds after
the start of the exercise and closed the cock by himself at 360 seconds. Experiments were performed at the
same time on different days. The temperature and humidity on the day of the experiments were 26C and
the humidity was 50%.

All data are expressed as mean and standard deviation. RPE is the median and nonparametric analysis.
Changes in all measurements during rides were compared by one-way analysis of variance (ANOVA). When
differences were found to be significant, comparisons were made using Bonferroni's post hoc test. Values of
P<0.05 were considered statistically significant.

3. Results

A significant difference was observed between the front rider (22.8 + 6.3 ml/kg/min) and rear rider (20.2
+ 6.4 ml/kg/min) where oxygen uptake was found to be lower for the front rider (Table 1, p<0.05). No
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Figure 1 Changes in heart rate of each cyclist

Table 2 Changes in the blood pressure of each cyclist

Systolic blood pressure Diastolic blood pressure
pre post pre post
Front cyclist 114768 136.3+12.3 64.7+11.8 60.7=x9.1
Rear cyclist 1147+6.8 1343+72 64.7+11.8 56.7+78
(mmHg) (mean*=SD)
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Figure 2 Changes in RPE of each cyclist

difference in HR (Figure 1) and blood pressure (Table 2) was observed between front rider and rear rider
during the exercise ride or immediately after. RPE tended to be higher for front riders than for rear riders
(Figure 2). These data suggest that the physical stress of the front rider could be higher than that of the
rear rider.

4. Discussion

The originality of our paper is the development of the idea of a method of exhaled gas sampling using
the Douglas bag method during tandem bicycle riding. A new finding in our paper is that we clarified
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the physical stress of tandem bicycle riders in terms of both energy expenditure and perceived exertion.
This study successfully measured the absolute value of oxygen uptake in a field experiment. Our results
revealed that front riders showed more stress than rear riders.

Yamaji'” showed that the accuracy of breath gas analysis using the Douglas bag method had a maximum

¥ showed that the accuracy of breath gas analysis

error of 2%. Wasserman et al® and Weber and Janicki
using an automated metabolic unit had 4% error. These are two of the reasons why breath gas analysis
using the Douglas bag method is called the gold standard of breath gas analysis. This study is the first
to evaluate the oxygen uptake of subjects riding a tandem bicycle in a field study using the Douglas bag
method, and is highly original in this respect. We adopted a cross-analyses design as a way of checking the
reliability of the data. We found that the oxygen uptake of front riders was greater than that of rear riders.
From these statistical results, the hypothesis was verified. These data agreed with the findings of previous
research. Previous studies reported no significant differences between front and rear riders in comparing
absolute values of heart rate. However, there is a significant difference when comparing the relative heart
rate and relative oxygen uptake. The obtained data supported the previous findings that the front rider
was more burdened than rear rider.

Seifert et al. reported that no differences were observed between the captain and stoker (front and rear
position)®. They analyzed the heart rate (HR), rating of perceived exertion (RPE) and lactic acid (LA).
In this study, our analysis and theirs were concordant for HR and RPE. As far as tandem bicycle riding
is concerned, it was reported that the exercise intensity of a person on the front saddle during tandem-

%) As background, air, rolling, and

bicycle exercise was larger than that of the person on the rear saddle
frictional resistances are forces that must be overcome when riding a bicycle”. Onodera et al. reported
that the physical stress of the front rider was higher than that of the rear rider during a 2-hour tandem
bicycle ride”. Another study reported that during a 5-hour tandem bicycle ride”, the same tendency was
observed up to the 3-hour mark®, however, no difference was reported after that. It has been reported
that the physical stress of the front rider was greater than that of the rear rider during uphill riding
when comparing the uphill and downhill”, The relative values of oxygen uptake calculated based on these
inference methods are not of an absolute value. Therefore, there have been discrepancies in the results of
previous studies. We considered that relative value comparisons have limitations.

We performed additional experiments with two more pairs of riders to improve the reliability of breath
gas analysis. During tandem riding, the rear rider opened the cock of the rear rider's Douglas bag and
took air, and 30 seconds later, opened the cock of the front rider’'s and took air. The result was the same
(front rider: 23.2 £ 4.18ml/kg/min, rear rider : 16.18 = 2.15ml/kg/min) even if the order of air sampling was
reversed.

This study has supported the previously proposed reasons for stress such as distance, uphill or downhill,
handling, braking, wind pressure and weather on the front rider. At the same time, it is considered that
trust in front riders reduces stress for rear riders. It is desirable that the front rider has better physical
ability than the rear rider.

5. Conclusion

This study confirmed that the physiological effects of the front rider were greater than that of the rear
rider based on oxygen uptake measured by the new Douglas bag usage method in this field study.
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