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INTRODUCTION

Gravity and non-gravity factors affect how pulmonary ventilation is distributed and perfused in 
humans.[1] Gravity stimulates the air exchange the most.[2] The length of the respiratory muscles is 
affected by posture, which can impact their ability to breathe.[3] The skeletal system, the elasticity of 
the soft tissue surrounding the thorax, and the strength of the respiratory system’s working muscles 
are known to impact these alterations.[4] Numerous research studies have looked into healthy 
people’s supine respiratory processes. It was also stated in a study that the abdominal organs’ pressure 
on the diaphragm while reclining causes blood to clog up the pulmonary veins. The lung capacities 
are comparatively smaller as a result of this upward pushing of the diaphragm, which also enhances 

ABSTRACT
Objectives: Due to gravity and non-gravity variables, human posture influences the distribution of ventilation 
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healthy adult female’s calm breathing to result in an increase in SpO2 and PI.
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venous returns. A  reclining position causes the amount of 
blood in the systemic circulation to shift more toward the 
pulmonary circulation, which reduces the volume of the thorax 
and increases the abdomen contents’ upward pressure on the 
diaphragm, resulting in forced breathing.[5] A healthy person 
in a lying position was found to have a more significant overall 
increase in lung capacity than a person in a standing position.[6,7]

Other than the lying position, it has been shown by numerous 
types of research that various body positions have definite 
effects on people’s respiratory cycles.[8-11] All of these studies 
seem to indicate that changes in physical structures and the 
gravitational force have an impact on lung function. Spirometry 
was the main methodology used in the investigations. However, 
very little is known about the neurological characteristics of 
various respiratory muscles in various positions and how to 
detect whether any alterations to the chest cavity were taking 
place. Lung capacity could not be increased without altering the 
chest cavity and respiratory muscles could not contract without 
the activation or involvement of motor units.

Following the COVID pandemic, many pneumologists 
advocated for the benefits of different bed-lying positions 
and activities that affect various lung capacities and enhance 
breathing. Various theories suggested that a suitable lying  
position may have encouraged the opening of more alveoli, 
increased blood oxygen saturation (SpO2), and improved 
perfusion index (PI). This study is hypothesised based on 
the impact of gravity on changes in muscle length and the 
strength of the working muscles in terms of respiratory 
system neuromuscular activities. The purpose of this study 
was to examine the motor unit involvement of the diaphragm 
and intercostal muscles during supine and prone posture, 
as well as how it is associated with SpO2 and PI in young, 
healthy female adults. The specific objectives of this study are 
to observe and determine the differences in the motor unit 
firing rate and recruitment in the diaphragm and intercostal 
muscles during supine and prone posture. Furthermore, 
it was also aimed to assess the relationship of motor unit 
involvement with SpO2 and PI.

MATERIALS AND METHODS

Selection of participants

This experiment was carried out at the Department of 
Physiology, Serampore College. The study comprised 
adult female college students between the ages of 18 and 
25 (21.367 ± 1.586 years). For this study, 30 healthy, sedentary 
female college students who had never experienced any 
pulmonary or neuromuscular disease voluntarily participated.

The participants were selected by random sampling method 
with the proper inclusion and exclusion criteria. This means 
that each participant had an equal chance of being selected. 
The recruited participants were from a pool of healthy, 

sedentary female college students who had never had 
pulmonary or neuromuscular disease. All of the participants 
had received two COVID vaccinations and showed no signs 
of COVID, such as a high body temperature, cough, and 
sneezing (Refer to the flowchart for the overview with the 
inclusion and exclusion criteria).

The participants were rested for 10 min in the supine position 
in the laboratory at 25°C room temperature and a digital 
hygrometer was used to record the average relative humidity 
for the 7  days of the experimentation, which ranged from 
56% to 68%.

Selection of the participants
• Female adult sedentary

Exclusion of the participants
• Age ranges <18 years or >25 years
• Having any complaints regarding any

prior diseases (neuromuscular,
pulmonary etc.)

• Not willing to participate in the study
voluntarily

• Not having double dose of COVID-19
vaccination

• Having any kind of symptoms like cough,
cold, higher body temperature, sneezing
etc.

Inclusion of the participants (n = 30)
• Age range 18–25 years
• Having no prior complaints regarding any diseases 

(neuromuscular, pulmonary etc.)
• Willing to participate voluntarily
• Having received double dose of COVID-19 vaccination
• Having no symptoms like cough, cold, higher body temperature,

sneezing etc.

All the measurements were taken in
Supine and Prone positions

Analysis

Ethical consideration

The Human Ethical Committee (HEC, Serampore College, 
affiliated with the University of Calcutta, Serampore, Hooghly, 
West Bengal, India, with reference number SC/HEC/2022/P1A) 
approved the study according to the Helsinki Declaration of 
1975. The study excluded participants with any respiratory 
illnesses or muscle limitations as well as those who did not 
fit the required age range. The participants were given a full 
explanation of the study’s objectives before the experiment and 
they provided written consent before participation.

Anthropometric measurements

Stature

Stature was the perpendicular distance between the 
transverse planes of the Vertex and the inferior aspect 
of the feet and it was measured by Seca 213 Portable 
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Stadiometer (Seca Deutschland, Hamburg, Germany, range of 
measurement 60–220 cm). The stature was measured by the 
‘Stretch Stature Method’.[12,13]

Weight, lean body mass and fat%

Bioimpedance analysis (BIA) was used to measure weight, 
lean body mass, and fat percentage. The bioimpedance 
analyser calculated the body composition. By delivering 
low-voltage, safe electrical scales to measure the muscle 
and fat in addition to the total body measurement, Tanita 
BC601 Innerscan Segmental Body Composition Monitor 
(Tanita Corporation, Japan) uses the BIA approach to 
measure body composition with scientifically validated 
accuracy.[14] The measurements were collected using the 
standard setting after manually inputting the measured 
height, weight, gender, and age of the subject.

Body mass index (BMI)

BMI is calculated by dividing body weight in kilogrammes by 
height in square metres. Since the height measurements were 
done in centimetres, they were divided by 100 to convert 
them to metres for calculation. The BMI was measured using 
the following equation.[15,16]

BMI = kg/m2

Physiological measurements

Respiratory rate

The subject was allowed to lie down while one hand was 
kept over the chest and the other over the stomach region 
to measure respiratory rate. They were instructed to breath 
normally and the number of ups and downs in their hands 
was tallied to determine their respiratory rate per minute. 
A full respiratory cycle was thought to be represented by one 
up and one down.

SpO2, heart rate (HR), and PI

Using a pulse oximeter, blood SpO2, HR, and PI were 
determined. A  pulse oximeter is a tiny, clip-shaped device 
that may be fastened to the fingers, toes, or earlobes and 
uses accurate SpO2 measurements to show other data. Before 
the measurement, the patients were given a 5-min break. The 
index finger was used to attach the pulse oximeter.[16] 
The hands were steady and at rest and the fingertip was under 
the red light. After the reading had steadied for a minute, 
SpO2, HR, and PI recordings were made.[17]

Electromyographic (EMG) recording

EMG recording kit iWorx 214 (Dover, United States) was set 
up and prepared for recording. The EMG recording was done 

on two different respiratory muscles such as the diaphragm 
and the intercostal muscle. The muscles were isolated and 
surface button electrodes were placed applying the gel to 
the skin.[18] On the regions where electrodes have been 
positioned, the gel was applied. By eliminating air pockets 
in the stratum corneum of the dermis, the gel enhances the 
coupling between the electrode and the skin, increasing 
the signal’s conductivity. The amplifier was linked to the 
surface EMG electrodes. The participant was instructed to 
lie down so that the recording could be taken. The following 
positioning method was used to achieve the collection of 
surface signals from the diaphragm and intercostal muscle 
using pairs of surface electrodes:
•	 For the diaphragm, one pair of electrodes was placed 

in the lowest intercostal spaces on the right side of the 
body, at the midclavicular line

•	 One pair for the external intercostal muscles, in the fifth 
intercostal space at the posterior axillary line

•	 A ground electrode was placed on the sternum. The 
distance between a pair of electrodes was minimum, 
not more than 2  cm, and care was taken to place the 
electrodes in the same orientation as the muscle fibres.

EMG recordings were taken in two different postures-
•	 Supine posture: The patient is face-up, their head is 

resting on a pillow and their neck is in a neutral position 
when they are supine. The patient’s arms may be tucked 
at the sides or abducted to a lesser degree on arm boards 
while yet maintaining a neutral thumb-up or supinated 
position. This is the easiest position because it does not 
require any specific equipment and is doable.[19]

•	 Prone posture: The medical word for resting flat on 
your stomach is in a prone posture. Supine position 
refers to lying flat on one’s back.[20] To conduct the EMG 
recording, the participants were instructed to lie down in 
a supine position. Before moving on to the next muscle, 
the intercostal muscle, the root mean square (RMS) 
and maximum voluntary contraction (MVC) values of 
intercostal muscle activity was also taken.

At first, the RMS and MVC values of diaphragm muscle 
activities were taken. The second stage of the investigation 
required participants to lie down in the prone position while 
an EMG recording was made. The RMS and MVC values of 
the diaphragm muscle activity were initially recorded, and 
then, the recording was transferred to the intercostal muscle, 
for which the RMS and MVC values had already been 
recorded.[21]

Diaphragm EMG and intercostal EMG were done in these 
two respective conditions. The raw data have been filtered. 
The RMS and MVC have been measured with the help of the 
software LabScribe. The EMG Analysis Module for LabScribe 
software allows various Time domain and frequency domain 
analyses of the EMG data.[18,22]
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Statistical analysis

Statistical analysis of all data was performed by IBM Statistical 
Package for the Social Sciences version 25. Data are found to 
be not normally distributed by the Shapiro–Wilk normality 
assumption. Descriptive statistics were also performed for 
all the variables to find out the mean and standard deviation. 
A  paired t-test was performed between two conditions 
(Supine and prone position). P < 0.05 was considered to be a 
statistically significant result of all assumptions.

RESULTS

Sample characteristics

[Table 1] shows the general characteristics of the 30 healthy 
young adult female individuals (n = 30) who participated in 
the study. The average sample age was 21.367 ± 1.586 years. 
The average fat content of the participants is 32.65 ± 9.48%, 
which is significantly higher than the recommended range. 
However, the average BMI of 23.73 ± 3.83 kg/m2 falls into the 
pre-obese range.

Physiological variables

The results of the physiological variables are shown in 
[Table  2]. The HR and PI were found to be statistically 
insignificant while SpO2 was found to be significant (P < 0.05) 
between the two postures (Supine and Prone). This means 
that the HR and PI did not change significantly when the 
participants changed from a supine to a prone posture, but 
that the SpO2 did change significantly.

EMG variables

[Table 3] displays the outcomes for the myoelectric variables. 
Between the supine and prone positions, the RMS and MVC 
of both the diaphragm and intercostal respiratory muscles 
are found to be statistically significant (P < 0.05). The higher 
RMS and MVC values for both the respiratory muscles in 
the supine position than the prone position suggest that in 
the experimental condition, both the muscles exerted more 
muscle force or higher motor unit recruitment in the supine 
condition than in the prone condition.

DISCUSSION

The study found that the average fat percentage of 
young females was 32.65 ± 9.48%, which is higher than 
the World Health Organisation’s recommendation of 25% 
for adults. The average BMI of the young females was also 
23.73 ± 3.83 kg/m2, which is in the pre-obese range.

This means that the majority of the young females in the 
study are overweight or obese or tend to become obese. 
The thoracoabdominal kinematics in the supine position 

are affected by the higher fat content; the abdomen region 
contributes more to ventilation than the rib cage, suggesting 
that lung hypoventilation can take place in this position. 
On the other hand, due to variations in the quantity of lung 
atelectasis present, pleural pressure rises and ventilation 
is enhanced in the prone position. The total of all forces 
compressing the alveolus results in the lung’s pleural pressure. 
This comprises the pressure exerted by the tissue above 
the alveolus and the pressure the abdomen exerts on the 
diaphragm. This is because an alveolus will stay open if the 
intra-alveolar pressure is higher than the pleural pressure.[23]

The gas exchanges in a typical person are influenced by 
the prone position. In the prone position, gas exchange is 
enhanced since ventilation and perfusion heterogeneity are 
reduced.[24]

According to this study, the usual healthy young female may 
not experience any changes in HR or PI in either supine 
or prone positions. The SpO2 level between the supine and 
prone positions does, however, show a modest change that is 
significant. However, in both positions, the mean SpO2 level 
is more than 95%, indicating that all participants had normal 
blood SpO2 levels. Young, healthy females have the most fat 
deposition in the hip or subcutaneously, which is unrelated 
to thoracoabdominal kinematics. The values typically vary 
from very weak (0.02%) to very strong pulse and the PI is 
a very excellent indication of pulse strength (20%). One’s 

Table 1: Mean and standard deviation of age, height, weight, BMI, 
lean body mass, and fat% of young healthy adult females (n=30).

Variables Mean±SD

Age 21.367±1.586
Height (cm) 154.69±6.56
Weight (kg) 56.99±10.46
BMI (kg/m²) 23.73±3.83
Lean body mass 37.49±4.63
Fat % 32.65±9.48
Respiratory rate (per min) 17.50±2.162
BMI: Body mass index, SD: Standard deviation, n: Number of participants

Table 2: Mean, SD, t‑value, and level of significance (P‑value) of 
HR, SpO2 level, and PI in supine and prone postures of young 
healthy adult females (n=30).

Variables Supine Prone Paired t‑test
Mean±SD Mean±SD t‑value Level of 

significance

HR (bpm) 86.8±12.84 86.63±12.984 0.090 0.929 (NS)
SpO2 level 98.9±0.548 98.17±0.648 5.809 0.000*
PI 4.697±2.57 5.17±2.45 −1.018 0.317 (NS)
NS: Not significant, *P<0.05. HR: Heart rate, SpO2: Oxygen saturation,  
PI: Perfusion index, SD: Standard deviation, n: Number of participants
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general blood supply to the tissue and organs can be inferred 
from the ratio of pulsing to non-pulsing blood.[25]

The measurements of SpO2, HR, and PI together are effective 
haemodynamic variables that are non-invasively reflected 
through it in general and in a pandemic situation like 
COVID-19.

PI and HR between the supine and prone positions were not 
found to differ in this investigation. It might be because the 
thoracic cavities did not alter enough from the supine to the 
prone posture. The >95% value indicated that there was no 
issue with the SpO2 level, even though there was a tiny but 
significant difference in the saturation levels. One possibility 
is that the weight of the abdominal contents compresses 
the lungs in the prone position as the participants have 
significantly higher fat content in their bodies, which can 
reduce the amount of oxygen that can be taken in. Another 
possibility is that the diaphragm is less active in the prone 
position, which can also reduce the amount of oxygen that 
can be taken in. Although, the difference in SpO2 between 
the two postures was very mild suggesting that these effects 
are small. However, even small changes in SpO2 can be 
important, especially for people with respiratory problems 
such as chronic obstructive pulmonary disease and asthma.

The fact that the difference in SpO2 between the two postures 
was very mild suggesting that these effects are small. 
However, even small changes in SpO2 can be important, 
especially for people with respiratory problems.

The diaphragm is the main muscle of inspiration and it is 
responsible for pulling the diaphragm down and increasing 
the volume of the thoracic cavity. In the supine position, the 
diaphragm has to work harder to overcome the weight of 
the abdominal contents, which is why it has a higher EMG 
activity than in prone conditions. The intercostal respiratory 
muscles are responsible for moving the ribs up and down, 
which also helps to increase the volume of the thoracic cavity. 
In the supine position, the intercostal respiratory muscles 
have to work harder to overcome the weight of the rib cage, 
which is why they have a higher EMG activity than in prone 
conditions.

These two important respiratory muscles, that is, the 
diaphragm, and intercostals are innervated by the phrenic and 
intercostal nerves, respectively. While the diaphragm splits 
the chest cavity from the abdominal cavity, these two muscles 
mostly occupy the thoracic cavity. The diaphragm is pressed 
against the thoracic and abdominal organs, which also obstruct 
breathing throughout a human being’s typical respiratory cycle.

According to this study, the diaphragm and intercostal 
muscle generate more force in the supine position than 
in the prone position, showing that more motor units are 
activated for typical inspiration and expiration in the supine 
condition. It might be because the enhanced abdomen and 
decreased rib cage contribution helped to overcome the 
lung hypoventilation scenario. However, if someone lies in 
a prone posture, fewer motor units participate in the same 
breathing pattern, which means that the muscles do not 
recruit as many motor units as the supine condition, so the 
muscles become relaxed. Therefore, normal breathing in 
prone posture is more advantageous and effective than in 
supine posture in terms of the neuromuscular activity of 
the two primary muscles, but not enough to provide that 
much room for improving SpO2 and PI. This study makes 
a compelling case that normal breathing alone while lying 
flat is insufficient to improve SpO2. Researchers already 
found that a prone position was beneficial for people who 
suffer from acute respiratory distress compared to a supine 
position due to factors such as less lung compression, better 
gas exchange, and redistribution of blood and airflow.[26] Our 
study also establishes the same by justifying them from the 
respiratory muscle point of view. Earlier finding was also that 
prone positioning does not adversely impact the respiratory 
mechanics, but may improve them.[27] Hence, the relaxed or 
less muscle force in a prone position also justifies this one to 
recommend that a prone position might be useful as it does 
not create stress in the respiratory muscles as per our study.

CONCLUSION

There are a lot of recommendations and guidelines for 
improving lung ventilation to get more active alveoli for 
better gaseous exchange during the COVID-19 pandemic. 

Table 3: Mean, SD, t‑value, and level of significance (P‑value) of RMS and MVC values of the diaphragm and intercostal muscles in supine 
and prone postures of young healthy adult females (n=30).

Variables Supine Prone Paired t‑test
Mean±SD Mean±SD t‑value Level of significance

Diaphragm RMS (mV) 0.131±0.037 0.025±0.018 24.042 0.000*
Diaphragm MVC (mV) 0.206±0.137 0.104±0.078 6.525 0.000*
Intercostal RMS (mV) 0.134±0.022 0.038±0.044 15.139 0.000*
Intercostal MVC (mV) 0.208±0.087 0.115±0.121 4.494 0.000*
NS:  Not significant, *P<0.05. RMS: Root mean square, MVC: Maximum voluntary contraction, SD: Standard deviation, n: Number of participants
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Experts recommend several sleeping strategies and breathing 
exercises to accomplish this objective. The results showed 
that the diaphragm and intercostal muscles had higher 
MVC and RMS in the supine condition than in the prone 
condition. This suggests that the diaphragm and intercostal 
muscles have to work harder to overcome the weight of the 
abdominal contents and rib cage in the supine position. The 
results also showed that there was the very mild difference in 
SpO2 between the two postures with a trend toward a slightly 
higher SpO2 in the supine condition. This suggests that the 
supine position may be slightly more beneficial for oxygen 
uptake than the prone position. The results of this study have 
implications for the understanding of the mechanisms of 
respiratory muscle activation and the relationship between 
posture and respiratory function. The findings may also be 
relevant to the development of interventions to improve 
respiratory function in people with respiratory problems. 
The majority of this type of research used spirometry to 
evaluate various lung volumes. This is the only study that 
incorporated the neuromuscular involvement of the two 
primary muscles in two different lying positions to determine 
the physiological causes of thoracic cavity volume variations.

According to this study, prone posture is preferable to 
supine posture since it requires less motor unit activation 
for proper breathing and does not stress muscles. Contrarily, 
the increases in chest cavity capacity are insufficient for 
the healthy adult female’s calm breathing to result in an 
increase in SpO2 and PI. However, the sample size is limited 
to interpret these findings for a larger population. Hence, 
further investigations are also needed.
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