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Abstract
Pursed-lip breathing (PLB) and forward trunk lean posture (FTLP) are commonly used to relieve dyspnea and improve ventilation in
a rehabilitation program. However, their effect on chest wall volumes and movements in older adults without chronic obstructive
pulmonary disease has never been investigated. This observational study aimed to identify the effect of combined PLB and FTLP
on total and regional chest wall volumes, ventilatory pattern, and thoracoabdominal movement using in older adults. It was
hypothesized that the combined PLB with FTLP would result in the highest chest wall volumes among the experimental tasks.
Twenty older adults performed 2 breathing patterns of quiet breathing (QB) and PLB during a seated upright (UP) position and
FTLP. An optoelectronic plethysmography system was used to capture the chest wall movements during the 4 experimental
tasks. Tidal volume (VT) was separated into pulmonary ribcage, abdominal ribcage, and abdomen volume. The changes in
anterior–posterior (AP) and medial–lateral (ML) chest wall diameters at 3 levels were measured and used to identify chest wall
mechanics to improve chest wall volumes. The PLB significantly improved ventilation and chest wall volumes than the QB
(P< .05). VT of pulmonary ribcage, VT of abdominal ribcage, and VT were significantly higher during the PLB + UP (P< .05) and
during the PLB + FTLP (P< .01) as compared to those of QB performed in similar body positions. However, there was no
significant in total and regional lung volumes between the PLB +UP and the PLB + FTLP. The AP diameter changes at the angle of
Louis and xiphoid levels were greater during the PLB + UP than the QB + UP and the QB + FTLP (P< .01). The AP diameter
changes at the umbilical level and theMLdiameter changes at the xiphoid level were significantly larger during the PLB+FTLP than
the QB + FTLP and the QB +UP (P< .05). TheML diameter changes at the umbilical level were significantly greater during the PLB
+ FTLP than the QB + UP (P< .05). However, no significant difference in the relative regional chest wall volumes and phase angle
among the experimental tasks (P> .05). In conclusion, a combined PLB performed in an FTLP or UP sitting could be used as a
strategy to improve chest wall volumes and ventilation in older adults.

Abbreviations: AP = anterior–posterior, AoL = angle of Louis, FTLP = forward trunk lean posture, ICC = intraclass correlation
coefficient, ML = medial–lateral, OEP = optoelectronic plethysmography, PLB = pursed-lip breathing, QB = quiet breathing, RR =
respiratory rate, SEM= standard error of measurement, Te= expiratory time, Ti= inspiratory time, Umb= umbilicus, UP= upright, VT
= tidal volume, VTAB = tidal volume of abdomen, VTRCa = tidal volume of abdominal ribcage, VTRCp = tidal volume of pulmonary
ribcage, Xip = Xiphoid process.
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1. Introduction

The ability to perform physical activity is essential for older
adults to maintain their functional independence and quality of
life. Structural and functional changes of the respiratory system
associated with aging, including increased stiffness of the
costovertebral joints, decreased lung compliance, and weakness
of the respiratory muscles,[1] lead to diminished ventilatory
capacity. When coupled with increased respiratory demand
during physical activities, older adults are likely to experience
insufficient ventilation and the sensation of dyspnea during
physical activity.[2] It was estimated that approximately 30% of
adults 60years or older reported breathing difficulty when
walking on the level or up an incline.[3,4] The sensation of
dyspnea has been shown to lead to fatigue, poor exercise
endurance, limited physical activity, and poor quality of life in
older adults.[2] Therefore, it is important to identify strategies to
improve ventilation, chest wall movements and volumes and
decrease the sensation of dyspnea in older adults.
Multiple strategies, including modification of body position

and pursed-lip breathing, have been proposed as a simple way to
relieve dyspnea in older adults[4] and patients with COPD.[5] As
commonly observed in patients with COPD, the forward trunk
lean posture (FTLP) is commonly achieved by placing the hands
or forearms on the thighs while seated. In this position, decreased
activation of the upper trapezius was noted in older adults with
COPD[5,6] and healthy young adults.[7,8] Additionally, increased
activations of the pectoral muscles were noted in older adults
with COPD[5,6] and the scalene and sternocleidomastoid muscles
in younger adults.[7,8] The changes in these muscle activation
patterns led to a greater elevation of rib cage in older adults with
COPD[5,6] and a more synchronous movement pattern between
the thoracic and abdominal regions,[7,8] which resulted in
improved ventilation and decreased the sensation of dyspnea.
In patients with COPD, FTLP pushed the abdominal content
toward the thoracic cavity placing the flattened diaphragm in a
more favorable position to work.[5] Although FTLP has been
shown to positively impact ventilation and the sensation of
dyspnea in older adults with COPD and healthy young adults, its
effect on the total and regional chest wall movements has not
been studied in the healthy older adult population.
Pursed-lip breathing (PLB) is another common strategy used to

relieve the sensation of dyspnea. An increase in absolute chest
wall volume and ventilation associated with PLB has been shown
to decrease the sensation of dyspnea in healthy young[9] and older
adults[10] and patients with COPD.[5] In healthy older adults, PLB
has been shown to improve lung function and respiratory muscle
strength, decreasing the load of breathing and the sensation of
dyspnea[10] and possibly improving functional capacity.[9]

Clinically, PLB is commonly used in combination with FTLP
to decrease the sensation of dyspnea in patients with COPD.[11] It
is plausible that the combined PLB and FTLP will positively
impact the total and regional chest wall volume and ventilatory
pattern in older adults.
To our knowledge, the effect of combined PLB and FTLP on

the total and regional chest wall volumes and ventilatory patterns
in older adults without COPD has never been investigated.
Therefore, this study aimed to identify the effect of combined PLB
and FTLP on the total and regional chest wall volumes and
ventilatory patterns in older adults. It was hypothesized that the
combined PLB with FTLP would positively improve regional
chest wall volume and ventilation compared to the baseline
2

during quiet breathing (QB). The knowledge gained from this
study will provide clinicians with a sound rationale for using
these 2 strategies in older adults.
2. Material and methods

2.1. Designs

This cross-sectional study was approved by The Research Ethics
Review Committee for Research Involving Human Research
Participants, Health Sciences Group, Chulalongkorn University
(Protocol number 031.1/61). All participants read and signed the
consent form before participating in the study.
2.2. Participants

Twenty older adults aged 60 to 80years participated in this study.
They were included if they had no history and diagnosis of lung
disease, had no history of smoking and were currently a
nonsmoker, had no other diseases that may limit them from
completing the study, and had less than 30kg/m2 body mass
index. The potential participants were excluded from this study if
they were unable to successfully assume the FTLP in a seated
position required to complete the study, had a history of chest
wall surgery, were having pain and/or discomfort in the chest
wall, were taking medication that may affect ventilatory pattern
(eg, antidepressants), and consumed alcohol and/or caffeine, or
performed vigorous exercise within 2 hours before the data
collection session.
The sample size was calculated (G∗power program version 3.1

[(Heinrich Heine University Dusseldorf, North Rhine-West-
phalia, Germany][12]) based on the results of our pilot study using
the same protocol. Since the primary goal was to identify the
effect of PLB and FTLP on regional lung volumes, the preliminary
results related to regional volumes were used for this calculation.
The abdominal tidal volume (VTAB) yielded the largest number of
subjects needed for the study and was used for this purpose. With
a small effect size of 0.35, a significance level of 0.05, and a
statistical power of 0.80, the number of participants needed for
this study was 16. With a 20% attrition rate, the total sample size
was 20.
2.3. Intervention

The demographic data were collected during the preparatory
session. A modified Borg scale and the modified Medical
Research Council score were used to assess levels of dyspnea
at baseline and physical activity, respectively. The Baecke
physical activity questionnaire was used to identify the level of
physical activity.
The total and regional chest wall volumes and ventilatory

pattern were assessed using an optoelectronic plethysmography
(OEP) system. The participants performed 2 breathing patterns of
QB and PLB during a self-selected seated upright (UP) position
and seated FTLP. During the QB, the participants quietly
breathed in and out through the nose as they would typically
do.[13] For the PLB, the participants breathed in through the nose
and breathed out through partially closed lips. The duration of
breathing-out was approximately 2 times longer than that of
breathing-in.[14–16] For the UP, the participants comfortably sat
as they would when sitting without back support. During the
FTLP, the participants leaned forward and placed their forearms



Figure 1. Body positions used in this study: upright position (left) and forward trunk lean position (right).
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on their thighs in such a way that the trunk was at about 45°
anterior inclination[6,17,18] (Fig. 1).
The combination of 2 breathing strategies and 2 body positions

provided 4 experimental tasks: QB + UP, PLB + UP, QB + FTLP,
Older adults

Screening session

Included participants (n=20)

• Demographic data 
collection

• Baseline assessment

Testing session

Preparatory session

QB with an upright 
posture (QB+UP)

PLB with an upright 
posture (PLB+UP)

QB with a forward trunk 
lean posture (QB+FTLP)

PLB with a forward trunk 
lean posture (PLB+FTLP)

Figure 2. Flow chart of participants.
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and PLB + FTLP, respectively (Fig. 2). The participants
performed 1 minute per trial and 3 trials of each task. The
resting period was 1minute between trials and 2minutes between
tasks. If the participants experienced dyspnea, they were asked to
rest until the sensation of dyspnea returned to baseline. Due to the
need to adjust the cameras’ height and angle and calibrate the
data collection volume after the camera adjustment to accom-
modate the FTLP, the participants started with the UP, followed
by the FTLP. The participants performed the QB first within each
body position, followed by the PLB to ensure the 1:2 ratio of
breathing-in to breathing-out duration. The participants were
instructed to perform PLB correctly and asked to demonstrate it
to one of the investigators. The correctness of PLB was confirmed
by a real-time assessment of the breathing cycle based on the OEP
results before the beginning of the data collection.

2.4. Measurement and outcomes

An OEP system (BTS engineering, Milan, Italy) was used to
measure the chest wall kinematics during all experimental tasks.
Eighty-nine retroreflective markers were attached on the anterior,
lateral, and posterior aspects of the participant’s chest wall and
upper abdominal areas.[19] Eight infrared cameras recorded the
positions of these markers at a sampling rate of 60 frames per
second. The height and angle of the cameras were set in such a
way that at least 2 cameras saw each reflective marker during the
data collection. Therefore, the camera setup was adjusted when
the participants changed from the UP to the FTLP to ensure that
at least 2 cameras saw each marker. The OEP system was
calibrated before each data collection session and after adjusting
the cameras. All chest wall kinematics variables were tracked and
calculated using SMART Tracker (BTS engineering, Milan, Italy)
and extracted by a customized software written in MATLAB
program (The MathWorks, MA).
The chest wall was divided into 3 regions: pulmonary rib cage,

abdominal rib cage, and abdomen[19] (Fig. 3). The volume of each
region was calculated by triangulating the marker locations and

http://www.md-journal.com


Table 1

Baseline characteristics of participants.

Characteristics Mean±SD % (N)

Male/female 10/10
Age (yr) 64.16±3.7
Weight (kg) 59.39±9.51
Height (m) 1.62±0.09
BMI (kg/m2) 22.61±2.3
Co-morbidity
Respiratory disease 0% (0)
Cardiac disease 5% (1)
Metabolic disease 60% (12)
Neurological disease 0% (0)
Musculoskeletal disorder 5% (1)

Physical activity level 7.9±1.25
Sedentary 5% (1)
Active 50% (10)
Athlete 45% (9)

Vital sign
HR (bpm) 66±10
RR (bpm) 17±3
SBP (mm Hg) 121±12
DBP (mm Hg) 76±7
SpO2 (%) 97±1

Lung function
FVC (L) 5.74±1.51
FEV1 (L) 4.68±1.5
FEV1/FVC (%) 106.13±12.32
PEFR (mL) 330±120.8

BMI = body mass index, DBP = diastolic blood pressure, FVC = force vital capacity, FEV1 = force
expiratory volume in 1 s, HR= heart rate, PEFR= peak expiratory flow rate, RR= respiratory rate, SBP
= systolic blood pressure, SD = standard deviation, SpO2 = oxygen saturation.

Figure 3. Regional chest wall volume as divided by the optoelectronic plethysmography (OEP): pulmonary rib cage (RCp), abdominal rib cage (RCa), and abdomen
(AB).
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using Gauss theorem to convert it into volume.[20] The total chest
wall tidal volume (VT)was the sumof3 regional chestwall volumes,
including pulmonary ribcage tidal volume (VTRCp); abdominal
ribcage tidal volume (VTRCa), and VTAB. Additionally, each
regional chest wall volume contribution relative to the total chest
wall VT was also calculated. The temporal variables, including
respiratory rate (RR); inspiratory time (Ti); and expiratory time
(Te), were obtained from the breath-by-breath assessment. These
variables were the primary outcomes of this study.
The secondary outcomes of this study were thoracoabdominal

movement as indicated by a phase angle and the changes in chest
wall diameter in both anterior–posterior (AP) and medial–lateral
(ML) directions. The changes in AP chest wall diameter were
measured at 3 different levels: the angle of Louis (AoL), xiphoid
process (Xip), and umbilicus (Umb) level. The ML diameter
changes were also recorded at Xip and Umb level.

2.5. Data analysis

Demographic characteristics and outcome measures were repre-
sented in mean± standard deviation for continuous data and
percentage of sample size (%N) for categorical data. Shapiro–Wilk
was used to identify the normality of all outcome measures.
Intraclass correlation coefficient (ICC [3,3]) was used to determine
the between-trial variability, based on a mean-rating (k=3),
absolute agreement, 2-waymixed-effectmodel. It was then used to
identify the standard error ofmeasurement (SEM)of our variables.
One-way repeated measures analysis of variance was used to
compare the effect of 4 experimental tasks on the outcomes of
interest. Posthoc Tukey adjustment was used in multiple
comparisons. The significance level was set at 0.05. All data
analyses were done using Statistical Package for the Social Sciences
software version 22 (International Business Machines, NY).

3. Results

3.1. Baseline characteristics

Ten older adult females and 10 older adult males participated in
this study. The baseline characteristics of the participants are
4

presented in Table 1. Most of the participants had at least one co-
morbidity. All of them were seen regularly by their physicians,
and their conditions were well controlled prior to participating in
this study.



Table 2

Intraclass correlation coefficient estimates and standard error of measurement of breathing strategies and body positions on regional
chest wall volume, ventilatory pattern, thoracoabdominal movements, and chest wall diameter in older adults.

QB + UP PLB + UP QB + FTLP PLB + FTLP

Parameters ICC SEM ICC SEM ICC SEM ICC SEM Level of reliability

Primary outcomes
RR (bpm) 0.954 1.33 0.963 0.76 0.936 1.71 0.957 0.91 Excellent
Ti (s) 0.956 0.26 0.932 0.26 0.949 0.22 0.963 0.20 Excellent
Te (s) 0.948 0.37 0.978 0.29 0.958 0.30 0.965 0.38 Excellent

Absolute volumes (L)
VT 0.960 0.11 0.947 0.14 0.957 0.09 0.981 0.07 Excellent
VTRCp 0.973 0.02 0.923 0.04 0.933 0.04 0.964 0.03 Excellent
VTRCa 0.965 0.02 0.944 0.03 0.950 0.02 0.936 0.03 Excellent
VTAB 0.951 0.07 0.960 0.09 0.968 0.04 0.986 0.04 Excellent

Relative volumes (%)
VTRCp 0.967 2.10 0.960 2.29 0.955 2.75 0.944 2.53 Excellent
VTRCa 0.883 1.24 0.902 1.14 0.852 2.08 0.766 2.13 Good to excellent
VTAB 0.958 2.50 0.960 2.49 0.949 3.11 0.958 2.51 Excellent

Secondary outcomes
Phase angle (o) 0.649 2.46 0.732 2.38 0.304 4.30 0.420 3.40 Poor to moderate

AP change (cm)
AoL level 0.678 0.10 0.684 0.11 0.716 0.14 0.425 0.17 Poor to moderate
Xip level 0.712 0.09 0.923 0.12 0.857 0.09 0.389 0.28 Poor to excellent
Umb level 0.783 0.07 0.781 0.09 0.220 0.19 0.086 0.62 Poor to moderate

ML change (cm)
Xip level 0.748 0.21 0.514 0.37 0.620 0.22 0.599 0.58 Moderate
Umb level 0.893 0.07 0.806 0.10 0.740 0.16 0.681 0.38 Moderate to good

o= degrees, AB= abdomen, AoL= angle of Louis, AP change= change of anterior–posterior diameter, bpm= breath per minute, cm= centimeters, EELV= end-expiratory lung volume, EILV= end-inspiratory
lung volume, FTLP = forward trunk lean posture, ICC = intraclass correlation coefficient, L = liter, ML change = change of medial–lateral diameter, PLB = pursed-lip breathing, QB = quiet breathing, RR =
respiratory rate, s = second, SEM = standard error of measurement, Te = expiratory time, Ti = inspiratory time, Umb = umbilicus, UP = upright, VT = tidal volume, VTRCa = tidal volume of abdominal ribcage,
VTRCp = tidal volume of pulmonary ribcage, Xip = Xiphoid process.
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3.2. Intraclass correlation coefficient (ICC) and standard
error of measurement (SEM)

Between-trial reliability and error of measurement of all
variables, as indicated by ICC (3,3) and SEM, are presented in
Table 2. Good to excellent between-trial reliability (0.766–0.986)
and relatively small measurement error were observed in our
primary outcome measures of total and regional chest wall
volume, and ventilation. In contrast, poor to excellent reliability
(0.086–0.893) and relatively large measurement error were noted
in our secondary outcome measures.
3.3. Combined effects of body positions and breathing
strategies

The effect of combined breathing strategies and body positions
on all outcomes is presented in Table 3. Ti and Te were
significantly higher during the PLB + UP than the QB + FTLP
(P< .05). RR was significantly lower during both PLB tasks (PLB
+ UP and PLB + FTLP) than both QB tasks (QB + UP and QB +
FTLP) (P< .05).
A significant effect of combined breathing strategies and body

positions was observed on absolute total and regional lung
volumes (P< .001). VT, VTRCp, VTRCa, and VTAB were
significantly greater during the PLB + UP than the QB + UP
(P< .05). Likewise, VT, VTRCp, and VTRCa were greater during
the PLB + FTLP than the QB + FTLP (P< .05). However, VT,
VTRCp, VTRCa, and VTAB during the QB + UP were significantly
greater than the QB + FTLP (P< .05). These between-task
differences in absolute total and regional lung volumes were
accompanied by the chest wall diameter changes.
5

The AP diameter changes at the AoL and Xip level were
significantly larger during the PLB + UP than the QB + UP and the
QB + FTLP (P< .01). The AP diameter changes at the Umb level
and the ML diameter changes at the Xip level were significantly
larger during the PLB + FTLP than the QB + FTLP and the QB +
UP (P< .05). Additionally, the ML diameter changes at the Umb
level were significantly greater during the PLB + FTLP than the
QB + UP (P< .05). These results were in line with the chest wall
volumes noted above.
VTAB% showed the highest contribution relative to VT,

followed by VTRCp% and VTRCa%, respectively. However, there
was no significant difference in relative regional chest wall
volumes among all 4 tasks. Likewise, the phase angle was not
significantly different between tasks. These results indicated no
significant effect of combined PLB and FTLP on the relative chest
wall volume and thoracoabdominal asynchrony.

4. Discussions

This study aimed to identify the effect of combined body
positions and breathing strategies on the chest wall volumes and
ventilatory patterns in older adults. Significant slower RR and
changes in Ti and Te during the PLB tasks compared to the QB
tasks indicated that our participants successfully performed the
experimental tasks. Good-to-excellent between-trial reliability
and relatively small SEMs indicated the reliability of our primary
outcome measures. The PLB + UP and PLB + FTLB significantly
increased total and regional absolute chest wall volumes than the
QB performed in similar body positions. During the UP, the
increases in absolute chest wall volumes were accompanied by
significant changes in the AP diameter at the AoL and Xip levels.

http://www.md-journal.com


Table 3

Combined effects of breathing strategies and body positions on regional chest wall volumes, ventilatory pattern, thoracoabdominal
movements, and chest wall diameters in older adults.

Parameters QB + UP (a) PLB + UP (b) QB + FTLP (c) PLB + FTLP (d) P-value

Primary outcomes
RR (bpm) 15.69±6.21 10.36±3.96† 16.34±6.76‡ 11.37±4.38†,x <.001

∗

Ti (s) 1.79±1.25 2.7±1.01 1.83±0.97‡ 2.39±1.05 .016
∗

Te (s) 2.92±1.64 4.07±1.95 2.7±1.44‡ 3.86±2.02 .016
∗

Absolute volumes (L)
VT 0.76±0.56 1.45±0.62† 0.61±0.42‡ 1.13±0.53x <.001

∗

VTRCp 0.27±0.1 0.48±0.15† 0.21±0.15‡ 0.37±0.17x <.001
∗

VTRCa 0.13±0.11 0.28±0.13† 0.11±0.08‡ 0.21±0.1x <.001
∗

VTAB 0.36±0.3 0.69±0.43† 0.3±0.22‡ 0.56±0.34 .001
∗

Relative volumes (%)
VTRCp 35.52±11.54 33.10±11.44 34.42±12.97 32.74±10.69 .932
VTRCa 17.10±3.62 19.31±3.65 18.03±5.40 18.57±4.41 .413
VTAB 47.36±12.19 47.58±12.44 49.18±13.79 49.55±12.23 .760

Secondary outcomes
Phase angle (o) 7.94±4.15 5.89±4.59 8.76±5.16 6.29±4.46 .065

AP change (cm)
AoL level 0.39±0.18 0.63±0.2† 0.37±0.27‡ 0.48±0.23 .001

∗

Xip level 0.38±0.17 0.69±0.45† 0.37±0.24‡ 0.55±0.36 .004
∗

Umb level 0.31±0.15 0.45±0.2 0.39±0.22 0.7±0.65†,x .001
∗

ML change (cm)
Xip level 0.74±0.42 1.18±0.53 0.81±0.35 1.39±0.91†,x .001

∗

Umb level 0.41±0.2 0.65±0.22 0.59±0.31 0.98±0.67† .002
∗

Data expressed as mean and standard deviation. The primary outcomes were represented as absolute values. The secondary outcomes were represented as changes in the value.
o= degrees, AB= abdomen, AoL= angle of Louis, AP change= change of anterior–posterior diameter, bpm= breath per minute, cm= centimeters, EELV= end-expiratory lung volume, EILV= end-inspiratory
lung volume, FTLP = forward trunk lean posture, L = liter, ML change = change of medial–lateral diameter, PLB = pursed-lip breathing, QB = quiet breathing, RCa = abdominal ribcage, RCp = pulmonary
ribcage, RR = respiratory rate, s = second, Te = expiratory time, Ti = inspiratory time, Umb = umbilicus, UP = upright, VT = tidal volume, VTRCa = tidal volume of abdominal ribcage, VTRCp = tidal volume of
pulmonary ribcage, Xip = Xiphoid process.
∗
Significant of combined effect of breathing strategies and body positions (P-value < .05).

† P-value < .05 as compared to QB + UP.
‡ P-value< .05 as compared to PLB + UP.
x P-value< .05 as compared to QB + FTLP.
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In contrast, the changes in chest wall volumes during the FTLP
were accompanied by significant increases in the AP and ML
diameters at the Umb and Xip levels, respectively. However, the
relative contribution of each regional chest wall volume to the
total chest wall volume was not altered by the body positions and
breathing patterns used in this study.
To our knowledge, this study is the first to identify the effect of

breathing patterns and body positions on both total and regional
lung volumes in older adults. Overall, the increase in absolute
chest wall volumes and associated chest wall diameters during the
PLB compared to the QB performed within the same body
positions observed in our older adults were in line with those
previously reported in patients with COPD.[13,17,21–24] The
increase in total and regional chest wall volumes has been shown
to provide better gas exchange in the lungs and reduce the
sensation of dyspnea.[13,21] An increase in positive end-expiratory
pressure observed during the PLB has been shown to decrease the
carbon dioxide level and increase the oxygenation in the lungs of
both older adults and patients with COPD.[10,25] Our results
signify the effect of PLB on improving both total and regional
absolute chest wall volumes and possibly its associated positive
gas exchange and the relief in the sensation of dyspnea in older
adults compared to the QB performed in similar body positions.
The mechanism used to increase chest wall volumes during the

PLB differs between the UP and the FTLP. The increase in total
and regional chest wall volumes during the PLB + UP compared
to the QB + UP was achieved by the significantly greater changes
6

in the upper chest wall AP diameter at the AoL and Xip levels.
The AP chest wall diameter changes in the upper chest wall areas
indicates the pump handle mechanics generated by the intercostal
muscle activation.[8] In contrast, the significant changes in the
total and regional chest wall volumes during the PLB + FTLP
compared to the QB + FTLP was associated with the AP diameter
changes at the Umb level and theML diameter changes at the Xip.
During the FTLP, more relaxed or lengthened abdominal
muscles[7] allow the diaphragm[10] to be more effective in
pushing the abdominal content downward during the inspiration
phase[26] as compared to the UP. As a result, the bucket handle
mechanism of the lower rib cage and abdominal areas can be
more beneficial to improve chest wall volumes during the FTLP as
compared to the UP. Our results indicate the body position-
specific mechanisms used to improve total and regional chest wall
volumes in the upper and lower chest wall areas noted during the
UP and FTLP, respectively.
Although the combined PLB and FTLP was hypothesized to

have a positive impact leading to the highest total chest wall
volume among the experimental tasks, our results did not support
it. In fact, the total and regional lung volumes of the PLB + FTLP
were lower, but not significantly, compared to those of the PLB +
UP. During the FTLP, our older adults placed their forearms on
the thighs to support the upper body. The downward pull of the
gravity assists in the AP chest wall diameter changes, particularly
in the abdominal region,[27] as indicated by a significantly greater
change in AP diameter at the Umb level noted in our study.
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However, the need to support the upper body on their arms
requires static activation of the chest wall muscles. Kim et al[17]

demonstrated that pectoralis major activation during the FTLP,
similar to our study, was significantly greater than during the
UP.[17] Although the activation of the pectoralis major serves to
elevate the rib cage,[17] the nature of static activation of the
anterior chest muscles to support the body weight on both arms
may stiffen the chest wall. As a result, a nonsignificant smaller
change in the AP chest wall diameter at the AoL and Xip levels
was observed during the PLB + FTLP compared to the PLB + UP.
Likewise, the nonsignificant greater changes in the AP chest wall
diameter at the Umb level and the ML diameter changes at the
Xip and the Umb levels lead to a nonsignificantly larger change in
VTRCa and VTAB during the PLB + FTLP compared to the PLB +
UP. As a result, the total chest wall volume during PLB + FTLP
did not reach the highest volume compared to the PLB + QB as
expected.
Although our results demonstrated significant differences in

absolute regional chest wall volumes between the tasks, no
significant between-task difference in relative regional chest wall
volumes was observed. These results contradicted those of
Mendes et al.[28] The differences in research protocol in terms of
body positions contribute to the between-study differences in the
results. In the study byMendes et al,[28] the subjects progressively
leaned the body backward from a seated UP position to a 45°
backward lean and supine position.[28] These backward lean
positions limited chest wall expansion in the posterior direction
due to the increased resistance of the back support. Additionally,
as the body leaned backward, the weight of the heart and
abdominal contents progressively added to the resistance against
the lung.[27] As a result, the chest wall and intercostal muscles
must work relatively harder to move the chest wall against the
gravity and the added weight. Thus, the chest wall volume
decreased as the subjects increased the backward inclination
angle increased.[28] In contrast, our older adults leaned forward
and placed their forearms on their thighs. The anterior inclination
of the trunk noted during the FTLP allows the gravity to pull the
heart and abdominal contents forward, reducing the compressive
load on the lungs and allows the lungs to expand freely in both
anterior and posterior directions.[29] As a result, the relative
contribution of regional chest wall volume remained unchanged
between the tasks.
In our study, the highest contribution of VTAB relative to VT or

VTAB% among our experimental tasks is consistent with the
results of previous studies in older adults where the volume of the
abdominal region was predominant compared to the other
regions.[28,30,31] In older adults, decreased chest wall compliance
and increased chest wall stiffness limit their chest wall movements
and, therefore, the volumes.[32] As a result, the contribution of the
rib cage compartment relative to the total volume (VTRCp%)
decreased.[28,30] Therefore, to maintain sufficient ventilation and
gas exchange, VTAB%must increase in response to the decrease in
chest wall compliance and the increase in chest wall stiffness in
older adults.[28,30] These results signify the impact of abdominal
wall compliance as a factory contributing to sufficient ventilation
in older adults.
PLB may improve the coordination of the thorax and

abdominal movements, leading to relieving the sensation of
dyspnea in older adults. The phase angle has been used to identify
thoracoabdominal asynchrony commonly observed during
respiratory distress.[33] Our phase angle values of the QB tasks
were within the same range (8°–9.9°) previously observed in
7

healthy older adults performing QB.[33] The phase angle during
the PLB + UP and the PLB + FTLP trended to be smaller (P= .065)
than during the QB + UP and the QB + FTLP, respectively. Using
a larger sample size in future studies would most likely lead to a
significant effect of the PLB on the phase angle outcome. Taken
together, these results suggested that PLB may improve the
coordination between the ribcage and abdominal regions and
possibly lead to the relief of dyspnea in older adults compared to
QB.
4.1. Limitations

There were a few limitations in this study. Firstly, our results may
suffer from a testing order effect. In this study, the order of
experimental tasks was not randomized due to the need to
establish the baseline during the QB + UP and recalibrate the OEP
system to capture all makers during the FTLP tasks. As a result,
our subjects may experience physical and mental fatigue, leading
to the deterioration of the subject’s ability to perform the
experimental tasks. However, subjects were allowed to rest
sufficiently between trials and tasks to minimize the fatigue.
Additionally, the high ICC values of the primary outcomes
observed across all experimental tasks led us to believe that the
testing order did not significantly affect our results. Secondly, we
did not specifically investigate the effect of gender on our
outcomes. However, we believe that the equal number of female
and male subjects minimized the gender effect. Lastly, our study
only identified the acute effect of the combined body position and
breathing patterns on the chest wall volumes and ventilatory
patterns. Randomized controlled trials with a prospective cohort
study with a more extended training session and follow-up
periods will be needed to confirm the benefits of the experimental
tasks in older adults.
4.2. Clinical implication

Our results provide a sound rationale for using both PLB + UP
and PLB + FTLP as a strategy to improve ventilatory pattern,
absolute total and regional chest wall volumes, and chest wall
diameters in older adults. PLB + UP significantly facilitates the
pump handle mechanics of the upper chest wall region. In
contrast, the PLB + FTLP enables the bucket handle mechanics of
the lower chest wall region. Understanding the changes in total
and regional chest wall volumes andmovements provides insights
into the mechanisms to improve ventilation, which serves as a
sound rationale for exploring strategies for relieving dyspnea in
older adults. Since our study evaluated the effect of combined
body position and breathing pattern for only 1 minute each
intervention, the abovementioned benefits were limited to a short
period. Thus, the long-term effect of PLB + UP and PLB + FTLP
on regional chest wall volumes and thoracoabdominal movement
in older adults need further evaluation.
5. Conclusion

PLB performed in either an UP sitting position or a forward trunk
lean acutely improves lung ventilation, absolute total, and
regional chest wall volumes in older adults compared to QB
performed in the same positions. Randomized controlled trials
with larger sample sizes and more extended training and follow-
up sessions will be needed to demonstrate the long effects of these
combined strategies.
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