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Abstract Many people nowadays do physical activities to improve long-term health, strengthen muscles and
bones and get emotional and mental benefits. During physical activity, rate and depth of breathing increase because
working muscles need extra oxygen in order to produce more energy. The purpose of this study is to investigate the
breathing pattern of healthy human in response to different levels of physical activity measured by distance and
duration. Spirometric measurement of breathing parameters of five male participants at rest (sitting and standing)
and response to different levels of physical activity (walking, jogging and running) was performed. Using the
spirometry data, mathematical models were developed to describe the resulting breathing patterns. The data and the
model were used for the analysis of breathing patterns. There was small variation of corresponding breathing
parameters for a subject during sitting and standing at rest. Increasing the level of physical activity raised the
respiratory characteristic such as tidal volume, breathing frequency and flow rate. The average and peak inspiratory
and expiratory flow rates were obtained for the five breathing conditions. The peak inspiratory air flow rate in
response to running was 3.4 times that of walking. It was 3.7 times for expiration. Breathing patterns of any two
individuals are different. The human breathing is highly affected by the level of physical activity we are doing. The
study can help to create awareness regarding breathing pattern related to physical activity and to choose appropriate
physical activity.
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of physical activity, aerobic fithess and breathing
parameters in students. Johnson [6] summarized the

1. Introduction

Physical activity is any bodily movement produced
by the musculoskeletal system resulting in energy
expenditure [1]. It includes activities undertaken in
day-to-day living, health improvement, physical fitness,
exercises and recreational sports. During physical activity,
the working muscles require more energy and
so extra oxygen is needed to release this energy
from glucose [2]. As the level of activity is increased,
breathing rate increases to bring more oxygen from
air. This alters the respiratory system physiology [3].
It is important to understand and quantify the
respiratory changes in response to a given level of
physical activity.

Numerous studies have been carried out to investigate
the work of breathing in response to physical activity.
Guenette et al. [4] investigated respiratory response to
exercise in endurance-trained men and women. They
considered different breathing parameters including tidal
volume, breathing rate, minute ventilation, and duration of
inspiration and expiration. Mihailova and Kaminski [5]
examined the relation between body mass index, amount

cardiorespiratory responses to different levels of exercise
including walking, jogging and running for a normal
young male. Serna et al. [7] developed a computational
model of respiratory system in dynamic response to
exercise. Variables related to breathing pattern and gas
exchange were included in the model. Di Paco et al. [8]
used ventilatory parameters to evaluate professional
soccer players’ performance. Relation between minute
ventilation and oxygen uptake at peak treadmill exercises
was constructed for the study. Treadmill has been
commonly used to investigate cardiorespiratory responses
to physical activities [9,10,11]. Wu et al. [12] used a finite
state model to quantify respiratory motion characteristics.
It is important to understand and quantify the breathing
parameters responses to a given level of physical activity
for analysis of airflow dynamics in the human respiratory
tract.

2. Anthropometric and Respiratory Data

Five healthy male subjects who finished all the
designed physical activities completely were taken in the



2 Journal of Biomedical Engineering and Technology

study. Breathing parameters of the subjects at rest (sitting
and standing) were measured using microQuark PC-based
spirometer from COSMED with SVC test by a Laboratory
at Patanjali Research Foundation, India. Measurements
were taken from mouth ventilation alone by closing
nostrils with nose clips. A JKEXER treadmill with no
incline was arranged in the same room and close to the
spirometer. The subjects performed walking, jogging and
running on the treadmill with a speed of 4km/hr, 7km/hr

and 10km/hr respectively with in a fixed distance of 500m.

The time gap between the physical activities was 20
minutes for all participants. Breathing parameters were
measured immediately at the end of each activity. Three

trial SVC tests in three different days were taken for the
participants in response to sitting at rest, standing at rest,
walking, jogging and running. For each physical activity,
the trial having median reading of tidal volumes was
selected as the representation of the respiratory data for
this study.

Anthropometric characteristics of the subjects are
shown in Table 1. Table 2 represents the statistical data of
breathing parameters measured response to different levels
of physical activity. In Table 2, V; is tidal volume,
f is respiratory frequency, T; is inspiration time and T, is
expiration time. The total respiratory cycle time T,y can be
calculated as Ty = T; + Te.

Figure 1. Photograph of treadmill and spirometer used in the study

Table 1. Anthropometric characteristics of the subjects

Variables MeantSD
Number 5
Age(year) 29.616.62
Height(cm) 166.00+6.23
Weight(kg) 63.96+10.41
BMI(kg/m?) 23.2243.72

Table 2. Over all mean values (+SD) obtained from spirometric measurement of five subjects’ breathing parameters response to different levels

of physical activities in 500m

Activity
Sitting at rest Standing at rest Walking (4km/hr) Jogging (7km/hr) Running (10km/hr)
Parameter
V(L) 0.48+0.02 0.54+0.07 0.98+0.07 1.54+0.14 2.01+0.13
f(breaths/min) 12.71+0.48 13.54+1.11 20.12+2.46 30.44+1.11 34.50+1.00
Ti(s) 1.86+0.06 1.80+0.17 1.38+0.19 0.94+0.07 0.84+0.06
Te(s) 2.8740.12 2.65+0.18 1.61+0.22 1.05+0.11 0.90+0.10
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3. Sinusoidal Models of the Breathing
Patterns

The flow-time curves displayed on the PC screen for
the breathing conditions were assumed to be sinusoidal
[13,14]. Suppose Q; is an inspiratory flow rate at the

mouth inlet and V5 is the corresponding tidal volume for
flow with

Qi) =Qpir Si”[frr—_t] @

where Qpg is the peak inspiratory flow rate and 0 <t <T;

[6]. Since the accumulated inspiratory airflow equals to
the tidal volume, we have

Vp = IQP,F sm[ Jdt 2)

Evaluating the integral in Eq. (2) and solving for Qpe ,

V- .
we get Qpe =7;?T. Hence the inspiratory flow rate

i
during inspiration time is given by

Q.(t)—% '“(T J 0<t<T, 3)

Similarly, assume Q, is an expiratory flow rate and
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T
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where Qpgr is the peak expiratory flow rate and

Ty <t<T;+T.. Applying the same procedure as the

inspiration, we get

Qe(t)——sm[ %], (5)

e

whereT; <t <Tj +T,. If Q(t)is the respiratory flow with
0<t<T where T =T; +T, is the respiratory cycle time,
using Eq. (3) and Eq. (5), we get

0<t<T,
Q)= ®)
”\T/T sin[;HTl(t—Ti)J, T, <t<T+T,
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Figure 2 shows the sinusoidal flow-time curves for
complete respiratory cycle time response to sitting at rest,
standing at rest, walking, jogging and running using
Eq.(6). In Figure 2, flow rates during expiration are
represented by negatives.

4. Results and Discussion

From the data, it is observed that the inspiration time is
less than the expiration time in each breathing condition.

If the level of the physical activity is increased, the
respiratory time decrease and the inspiratory to expiratory
time ratio approaches to 1 which agrees with the finding
of Anderson et al. [15]. The average inspiratory flow rate
(Vr /T;) and average expiratory flow rate (Vy /T, ) at the

mouth inlet can be obtained by simple calculation using
the data from Table 2 for each breathing condition. The
average inspiratory flow rates in response to sitting at rest,
standing at rest, walking, jogging and running were
0.26, 0.32, 0.79, 1.88 and 2.51 L/s respectively. The
corresponding values for expiration were 0.17, 0.22, 0.71,
1.72 and 2.24 LJs.

Using the mathematical models, the peak inspiratory
flow rates response to sitting at rest, standing at rest,
walking, jogging and running were found to be 0.41, 0.47,
1.12, 2.57 and 3.76 L/s respectively. The corresponding
peak expiratory flow rates were 0.26, 0.32, 0.96, 2.30 and
3.51 L/s. It was observed that there was small difference
between the breathing patterns during sitting and standing
at rest [16]. Increasing the level of physical activity
significantly changes respiratory frequency, tidal volume
and the respiratory cycle time of healthy human [17,18].
The peak inspiratory air flow rate in response to running
was 3.4 times (increased by 70%) that of walking. It was
3.7times (increased by 73%) for expiration.
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Figure 2. Flow-time curves for the different breathing conditions

5. Conclusions

In this study, spirometry data is used to describe
breathing patterns of health human response to different
levels of physical activity and to develop mathematical
models for further analysis of the breathing patterns.
Breathing patterns of any two individuals are different
when they are at rest or engaged in physical activities. As
the level of activity increased, the respiratory
characteristic such as tidal volume, breathing frequency
and flow rate raised. The changes are described
quantitatively in the study. The study can help to create
awareness regarding breathing pattern related to physical
activity and to choose appropriate physical activity. It may
provide a good insight to obtain input data for performing
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numerical simulation of airflow dynamics in human
airways under different breathing conditions.
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