Effects of Diaphragm Breathing Training Through
Visual Feedback on Diaphragm Movement and Lung  hepsidoi.org/10.32337kAC T 202412.1.41
Function in Normal Women EtARtS E20|%|28H5|x| M12H M1S 2024.03, PP.41-47

Tae—hee Kim Student1, Yeo—Jin Jeon Student], Dong—Yeop Lee PT, PhD1, Ji—Heon Hong PT, PhD1,
Jae—Ho Yu PT, PhD', Seong—Gil Kim PT, PhD', Jin-Seop Kim PT, PhD'""

]Department of Physical Therapy, Sun Moon University

Purpose: This study aimed to investigate the effects of diaphragmatic breathing training with visual feedback on
diaphragm movement and lung function in healthy women. Methods: A randomized controlled trial was conducted with
the participation of 20 healthy college-aged women without any underlying physical conditions. The participants were
randomly assigned into two groups: the intervention group that received diaphragmatic breathing training with visual
feedback and the control group that underwent sham training without visual feedback. Diaphragmatics movement were
assessed through respiratory motion analysis, and lung function was measured using spirometry before and after the
training period. Data analysis included a paired t-test to compare within-group differences and an independent t-test to
compare the effects between the two groups. Results: In both groups, diaphragmatic movement significantly increased
after the intervention (p<.05). In addition, the intervention group that received visual feedback exhibited significant
improvements in forced vital capacity (FVC), forced expiratory volume in 1 s (FEV;), and diaphragm movement (p<.05).
However, the control group without visual feedback demonstrated only a significant increase in diaphragm movement
(p<.05). Furthermore, the intervention group showed a significantly greater increase in FVC than the control group.
Conclusion: This study reveals that incorporating visual feedback into diaphragmatic breathing training can effectively
enhance diaphragmatic movement and improve lung function in healthy women. These findings suggest the potential
benefits of visual feedback in optimizing the benefits of diaphragmatic breathing exercises. These results have
implications for respiratory rehabilitation, stress reduction, and overall well-being in the general population. More studies
are recommended to explore the long-term effects of diaphragmatic breathing training with visual feedback and its
application in clinical populations with respiratory disorders.
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I. Introduction

The respiratory system is a crucial physiological compo-
nent responsible for facilitating respiration in the human
body. It comprises various structures, including the nose,
trachea, bronchi, and lungs, which play a vital role in the
exchange of oxygen and carbon dioxide. Respiratory dis-
eases primarily affect the bronchial and pulmonary struc-
tures, as well as organs involved in respiration such as the
nasal cavity, pharynx, larynx, trachea, bronchi, lungs, rib
cage, and diaphragm. These conditions often manifest
through symptoms such as coughing, sputum production,
dyspnea, chest pain, and hemoptysis(Wheeldon, 2023).

Restrictive pulmonary diseases, characterized by reduced
lung volumes compared to healthy individuals, lead to di-
minished lung capacity, inspiratory capacity, and total lung
capacity. These conditions result from decreased lung ex-
tensibility, causing chronic underinflation and permanent
pulmonary restriction(Naji et al., 2006). In contrast, ob-
structive pulmonary diseases obstruct normal airflow by
narrowing or blocking the bronchial airways. Exhalation be-
comes more challenging than inspiration in these cases, re-
sulting in increased functional residual capacity and residual
volume. Common symptoms observed in patients with re-
strictive and obstructive pulmonary diseases include dysp-

nea, chronic cough, tachypnea, anxiety, unintended weight
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loss, and impaired respiratory function (Salhi et al., 2010).

Individuals with limited inspiratory capacity often benefit
from training interventions aimed at strengthening the in-
spiratory muscles. Inspiratory muscle training has been as-
sociated with notable reductions in blood pressure, improve-
ments in cardiovascular health, enhanced cognitive func-
tion, and increased physical activity levels(Kang et al.,
1998).

Among the inspiratory muscles, the diaphragm assumes
a prominent role(Jeon et al., 2010). Its contraction and de-
scent during inhalation create additional space within the
thoracic cavity, facilitating optimal lung expansion.
Furthermore, the movement of the diaphragm influences the
surrounding musculature and contributes to the maintenance
of proper spinal alignment.

The primary objective of inspiratory muscle strengthen-
ing training is to enhance diaphragmatic function by pro-
moting abdominal or diaphragmatic breathing during
inhalation. This form of training has demonstrated efficacy
in improving respiratory function, cardiorespiratory ca-
pacity, daily activities, quality of life, alleviating dyspnea,
and enhancing endurance. Breathing training incorporating
visual feedback has emerged as a simple and cost-effective
method. It not only stimulates interest and engagement dur-
ing training but also facilitates efficient treatment. Visual
feedback-based training fosters an active mindset, promotes
goal achievement, and enhances adherence to the training
protocol(So et al., 2012). Numerous previous studies have
reported positive effects of visual feedback, including im-
proved respiratory muscle strength, exercise capacity, and
quality of life in patients with chronic obstructive pulmo-
nary disease who underwent breathing strengthening ex-
ercises with the aid of visual feedback equipment(Koppers
et al.,, 2006; Lee et al., 2014).

Despite the considerable research on visual feedback,
limited attention has been given to its impact on diaphragm
movement. Specifically, studies investigating changes in di-
aphragmatic motion following breathing training that in-
corporates real-time ultrasound imaging as visual feedback
are scarce. Ultrasound imaging offers advantages in terms
of rapid and efficient measurement of diaphragm move-
ment, providing insights into muscle activation patterns and
changes in thickness during respiratory cycles(Baldwin et
al., 2011). Previous studies employing ultrasonography

technology have actively explored the application of re-
al-time feedback for retraining purposes(Kwon et al., 2011).

Furthermore, it is worth noting that adult women, who
predominantly engage in thoracic breathing patterns and un-
derutilize diaphragmatic breathing, often exhibit lower res-
piratory function compared to men(Enright et al., 2006).

Therefore, the primary objective of this study is to inves-
tigate the effectiveness of visual feedback in improving dia-
phragm movement and respiratory function in adult women.
Specifically, we aim to compare the acute effects of dia-

phragmatic breathing exercise with and without visual

I. Methods

1. Participants

This study involved a total of 20 healthy adult female
students, aged between 20 and 25 years, recruited from S
University in Asan City. Prior to their participation, all sub-
jects received comprehensive explanations regarding the
study's objectives and methodology. Only individuals with-
out any respiratory-related diseases were eligible to partic-
ipate, and informed consent was obtained from all
participants. Exclusion criteria included individuals who
had undergone surgery within the past 3 months, individuals
with a medical history, diagnosis, or family history of ane-
mia or orthostatic hypotension, and individuals with known
or suspected cardiopulmonary conditions. Ethical approval
for the study was obtained from the Institutional Review
Board (IRB) of Sunmoon University. Detailed information
regarding the experiment's purpose and research methods
was provided to all subjects, and their characteristics are

presented in Table 1.

Table 1. General characteristics of participants (n=20)

Age (year) 20.7£0.15 20.4+0.51

Height (cm) 161.6+1.88 162.5+1.12

Weight (kg) 54.1£1.95 56.3£2.15
Smoking 1 2

* Mean £ Standard Deviation
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2. Experiment Procedures

The experimental procedures were conducted with the
participants in a supine position. The diaphragmatic breath-
ing training method involved specific steps: inhalation
through the nose, elevation of the ribs, and protrusion of
the abdomen. During inhalation, the diaphragm was con-
tracted, causing the organs in the abdominal cavity to de-
scend into the pelvic cavity. Inhalation was performed with
pursed lip breathing, focusing on expanding the abdomen.
During exhalation, participants released the force from their
abdomen and expelled air with a deep breath. The lower
ribs, abdomen, and diaphragm were then returned to their
original positions, pushing the organs in the pelvic cavity
upward. This diaphragmatic breathing technique activated
the muscles from the diaphragm to the pelvic floor, ensuring
spinal stability.

1) Non—Visual Feedback

The group without visual feedback performed dia-
phragmatic breathing exercises without visual observation
of the abdomen. The visual aspect of the ongoing breathing
process was completely obstructed, and if necessary, an eye
patch was utilized to prevent visibility of abdominal

movement.

2) Visual Feedback

The group with visual feedback assumed a supine posi-
tion and placed a water bottle on their abdomen. One hand
held the base of the water bottle, anchoring it to the abdo-

men, while the other hand was placed on the chest to mon-
itor chest movement. Visual feedback was provided by ob-

serving the movement of the water bottle cap.

3. Measurements
1) Diaphragm and Intercostal Movement Distance
(Ultrasound)

To measure the changes in diaphragm movement before
and after diaphragmatic breathing exercises, a B-mode ul-
trasound imaging technique was employed using a round
probe (eZono® 3000). The participants were positioned in
a supine posture with their hip and knee joints flexed, and
the area between the 8th and 9th ribs was scanned using
the ultrasound probe positioned perpendicular to the body.
For optimal visualization of the diaphragm during a single
breath, the probe was positioned horizontally in the inter-
costal space between the lower ribs(Epelman et al., 2005).
Measurements were performed on the right side of the body
three times, and the average value was calculated from these
repeated measurements. The use of ultrasound for measur-
ing diaphragm motion has been demonstrated to exhibit
high intra-measurement reliability, with a correlation co-
efficient (r) of 0.99(figure 1).

2) Lung Capacity(Spirometer)

Lung capacity measurements, including vital capacity,
pulmonary ventilation, forced vital capacity (FVC), forced
expiratory volume per second (FEV)), and peak expiratory

volume (PEF), were performed using a spirometer. Prior

Fig 1. ultrasonography

Fig 2. Spirometer
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to the measurements, the subjects were provided with a
comprehensive explanation of the experiment's objectives
and methodology.

During the measurement procedure, all participants were
seated in an upright position and instructed to hold the spi-
rometer's mouthpiece firmly. They were then directed to
take 3 to 4 normal breaths, followed by a forceful in-
halation, and subsequently exhale as forcefully and com-
pletely as possible within a 6-second timeframe. To ensure
accurate measurements, participants were given 1 or 2 prac-
tice attempts with the spirometer to familiarize themselves
with the procedure.

FVC, FEV,, and PEF were measured three times for each
participant, and the average values were used for subsequent
analysis. To mitigate the potential impact of fatigue, a 1-mi-
nute rest period was provided between each measurement.

The respiratory data were recorded accordingly(figure 2).

4. Data Analysis

Statistical analysis was conducted using SPSS version
24.0. Normality was assessed through the Shapiro-Wilk test
to ensure the normal distribution of data. Independent t-tests
were performed to examine the homogeneity of the subjects'

Table 2. Comparison of pulmonary function

general characteristics. Inter-group comparisons were ana-
lyzed using independent t-tests, while paired t-tests were
employed for intra-group comparisons. The statistical sig-

nificance level was set at a 95% confidence level.

II. Results

In the group that received visual feedback, there were
significant increases in Forced Vital Capacity (FVC),
Forced Expiratory Volume in one second (FEV;), and dia-
phragm movement (p<.05). These findings suggest that the
application of visual feedback during diaphragmatic breath-
ing exercise had a positive impact on respiratory function,
as indicated by improvements in FVC, FEV,, and dia-
phragm movement.

On the other hand, in the non-visual feedback group, only
the movement of the diaphragm showed a significant in-
crease (p<.05). This suggests that the diaphragmatic breath-
ing exercise alone, without the aid of visual feedback, pri-
marily affected the diaphragm movement.

The results revealed a statistically significant difference

in FVC between the group that received visual feedback

PRE 2.28+.82
POST 3.37+.64
FVC Difference 0.53+.42
t -3.91
p 0.00
PRE 2.07+.50
POST 2.58+.48
FEV, Difference 0.51+.60
t —2.65
p 0.02
PRE 43.75+1.12
POST 4.02+1.35
PEF Difference 0.27+1.67
t -0.51
p 0.61

3.31+£.37 —1.64 0.06
3.35+.39 0.08 0.17
0.03+.17 3.39 0.02
=0.77
0.45
2.41+.52 —1.44 0.78
2.84+.53 —0.51 0.49
0.30+.75 0.67 0.87
-1.27
0.23
43.90+1.85 —0.22 0.34
3.65+2.05 0.23 0.94
—0.48+.93 —0.52 0.07
0.16
0.87

*p<0.05, mean £ standard deviation, FVC: Forced vital capacity, FEV:: Forced expiratory volume in 1 second, PEF: Peak expiratory

flow
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Table 3. Comparison of diaphragm movement

PRE 0.98+.68
POST 1.62+.95
Diaphragm .
Difference 0.64+.62
(cm)
t —3.24
p 0.01

1.29+1.12 —0.74 0.36
1.70£1.15 —0.16 0.54
0.41+.35 1.01 0.08
—3.62
0.00

*p{0.05, mean * standard deviation

and the non-visual feedback group. This indicates that the
application of visual feedback during diaphragmatic breath-
ing exercise had a greater impact on improving FVC com-
pared to the exercise without visual feedback.

Overall, these findings suggest that diaphragmatic breath-
ing training with visual feedback can lead to significant im-
provements in FVC, FEV,, and diaphragm movement,
while exercise without visual feedback primarily enhances
diaphragm movement. The incorporation of visual feedback
in diaphragmatic breathing exercises may be an effective

approach to optimize respiratory function in normal women.

Iv. Discussion

This study aimed to compare the acute effects of dia-
phragmatic breathing exercise on FVC, FEV,, PEF, and dia-
phragm movement, according to the application of visual
feedback, in a group of 20 healthy adult women. The results
of the study showed that in the group to which visual feed-
back was applied, there were significant increases in FVC,
FEV,, and diaphragm movement, while PEF showed a
non-significant increase. In the group without visual feed-
back, there were increases in FVC, FEV,, and PEF, but
they were not statistically significant. Only the movement
of the diaphragm showed a significant improvement in this
group. Furthermore, there was a significant difference in
FVC between the group with visual feedback and the group
without visual feedback.

These findings are consistent with previous studies which
suggest that providing visual feedback enhances the correct
contraction of the diaphragm, improves the diaphragmatic
breathing pattern, and increases efficiency(Nam et al., 2017;
Kim and Hwang, 2008). Visual feedback also aids in the
proper activation of deep muscles, resulting in improved

muscle training efficiency(Baweja et al, 2011). The sig-
nificant improvement in diaphragm movement observed
when visual feedback was applied aligns with these pre-
vious findings. In this study, as inspiratory muscle training
was primarily focused on the inspiratory muscles, it is as-
sumed that there would be a greater increase in inspiratory
capacity compared to when inspiratory training without
feedback was provided. This study demonstrated similar re-
sults to the research conducted(Ramssok et al., 2016).

The significant improvement in FVC in the group with
visual feedback can be attributed to the relationship between
FVC and diaphragm movement during respiration, as de-
scribed in a study(Nam et al., 2017). The smooth con-
traction of the diaphragm enhances respiratory control,
coughing ability, and lung capacity. Therefore, the sig-
nificant increase in diaphragm movement observed with vis-
ual feedback application likely contributed to the improve-
ment in FVC. Furthermore, the improved FVC values in
this study are attributed to the inspiratory training utilizing
the diaphragmatic breathing technique, enabling participants
to inhale a greater volume of air during inspiration. Similar
results were reported in a study (Yun et al., 2016). In a
previous study, similar to our research, it was observed that
respiratory muscle training, both inspiratory and expiratory,
improved pulmonary function in patients with neurological
disorders. This aligns with the results of our current study,
where inspiratory muscle training showed similar improve-
ments(Lee et al., 2014).

However, this study observed some differences in results
compared to previous research. The reason for this variance
might be attributed to the simplified feedback training ap-
plied in our study, where hands were placed on the abdomen
and chest to provide basic feedback on movement. This ap-

proach, compared to the real-time feedback used in previous
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studies(Nam et al., 2017), could have resulted in somewhat
constrained outcomes.

In this study, a shorter training period was applied com-
pared to previous research. It is anticipated that future stud-
ies will necessitate a long-term investigation of 4 weeks
or more. The brief exercise duration in the current study
is believed to be insufficient for inducing substantial
changes in muscles and nerves. In this study, a shorter train-
ing period was applied compared to previous research. It
is anticipated that future studies will necessitate a long-term
investigation of 4 weeks or more. The brief exercise dura-
tion in the current study is believed to be insufficient for
inducing substantial changes in muscles and nerves.
Therefore, for future research, a more extended training du-
ration for participants is deemed necessary. Future research
should address the study's limitations, such as the small
sample size, limited generalizability, and the necessity for
long-term follow-up to assess the sustained effects of the

intervention.

V. Conclusion

Therefore, this study investigated the impact of dia-
phragmatic breathing exercises with and without visual
feedback on lung function and diaphragm movement. The
utilization of visual feedback resulted in notable enhance-
ments in FVC, FEV,, and diaphragm movement. In the ab-
sence of visual feedback, only diaphragm movement ex-
hibited a significant improvement. Moreover, visual feed-
back proved more effective in enhancing FVC compared
to non visual feedback. These findings suggest that visual
feedback can augment the efficacy of breathing training,
especially for individuals with compromised lung function

in clinical contexts.
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