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Abstract

Background Abdominal bracing is a maneuver widely used by rehabilitation specialists and sports trainers
to improve spinal stability. This study aimed to investigate how lifting tasks with and without abdominal bracing affect
the respiratory function of the diaphragm.

Methods M-mode ultrasonographic assessment of diaphragmatic motion combined with spirometry was per-
formed on 31 healthy adults. Participants were asked to breathe continuously whilst lifting a load with spontaneous
abdominal muscle contraction (natural loaded breathing) and abdominal bracing (AB loaded breathing).

Results Pearson’s correlations revealed strong correlations between ultrasonography and spirometry measures

(p <0.001) for all types of breathing: tidal breathing (r=0.709, ”=0.503), natural loaded breathing (r=0.731, *=0.534)
and AB loaded breathing (r=0.795, r’=0.632). Using paired-samples t-tests, the natural loaded breathing ultrasonog-
raphy revealed more caudal diaphragm positions during inspiration (p <0.001) but not during expiration (p=.101).
Spirometry demonstrated lower lung volumes (L) at the end of inspiration and expiration (p <0.001), with no changes
in total lung volume (p=0.06). The AB loaded breathing ultrasonography revealed more caudal diaphragm posi-
tions during inspiration (p=0.002) but not during expiration (p=0.05). Spirometry demonstrated lower lung volumes
at the end of inspiration (p <0.001), expiration (p=0.002), and total lung volumes (p=0.019).

Conclusion This study demonstrated that abdominal bracing performed during a lifting task reduces lung volume
despite an increase in diaphragmatic motion. Diaphragm excursions strongly correlate with lung volumes even
under postural loading.

Trial registration The study was prospectively registered on 8 April 2021 at ClinicalTrials.gov with identification
number NCT04841109.
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Background

The diaphragm is the first muscle activated during inspi-
ration [1], and its function is closely related to changes in
lung volumes. The diaphragm is responsible for 60—-80%
of the inspiratory work [2], and its contribution to lung
volume changes is estimated between 75-90% [3-5]. At
higher lung volumes, the diaphragm’s ability to generate
force decreases as its muscle fibers shorten and change
their orientation [6-8], resulting in its lower contribution
to changes in tidal volumes and greater involvement of
the extra-diaphragmatic inspiratory muscles (EIMs) [3—
5]. In addition to the respiratory function, the diaphragm
is involved in the postural stabilization of the spine by
increasing intra-abdominal pressure (IAP) [6—8]. The dia-
phragm can perform these two actions simultaneously.
When breathing in a posturally challenging situation, its
EMG activity is higher compared to tidal breathing [6, 7],
and the diaphragm achieves a more caudal position with
greater respiratory excursions [9].

Along with the diaphragm, the muscles of the abdomi-
nal wall are mostly responsible for regulating IAP [6, 10],
which is important not only for spinal stability but also
for maintaining sufficient ventilation. If the tone of the
abdominal muscles is impaired, the diaphragm descends,
and tidal volume decreases substantially [11, 12]. A natu-
ral increase in the activity of all abdominal wall muscles
is associated with lifting and lowering a load [13]. Vol-
untary isometric contraction of the abdominal muscles
before and during any loaded exercise is also known as
abdominal bracing (AB) [14, 15]. Several studies [14—17]
have consistently demonstrated that AB increases spinal
stability, which is also an effective technique for stabiliz-
ing the spine when lifting weights [18]. As it is believed
that spinal instability may be one of the causes of low
back pain [19], stabilization maneuvers are commonly
used in rehabilitation and training programs [20, 21]. In
comparison to other maneuvers such as abdominal hol-
lowing, AB has demonstrated a superior improvement in
spinal stability [16, 22].

Lifting weights, as part of resistance training, is widely
recommended in pulmonary rehabilitation for patients
with respiratory disorders [23, 24], including those with
post-COVID-19 syndrome [25]. One of the main symp-
toms of these conditions is dyspnea [26-28], which is
associated with increased respiratory effort, decreased
ventilation, or both [29]. Therefore, it seems important
to investigate how lung volumes change during postural
loading with abdominal bracing in order to determine
whether stabilization maneuvers may increase the risk of
dyspnea in these patients.

During tidal breathing, the relation between diaphrag-
matic excursions and inspired volume has been shown to
be linear [30]. With increased ventilation, the respiratory
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activity of the diaphragm may conflict with its postural
function, resulting in the suppression of the latter [31].
However, it has not yet been reported whether suffi-
cient ventilation can be maintained at higher postural
demands. Therefore this study aimed to investigate how
diaphragm movement correlates with lung volumes when
lifting a load (natural loaded breathing) and when lifting
a load with abdominal muscle preactivation through the
AB maneuver (AB loaded breathing). We hypothesized
that lung volumes would not correlate during both natu-
ral loaded breathing and AB loaded breathing with dia-
phragmatic excursions; as the postural demands on the
diaphragm increase, the EIMs should compensate for its
respiratory function.

Methods

Participants

In this study, 31 healthy adults (average
age=28.7+5.8 years) from the general population,
including both athletic and non-athletic individuals,
were recruited via social media. The procedures were
explained in detail, and signed informed consent was
obtained from each participant. Table 1 displays the
demographic characteristics of the study group. Similarly
to other studies evaluating the function of the diaphragm
[32-34], the following excluding criteria were applied:
low back pain, previous abdominal or spine surgery,
respiratory or musculoskeletal disorder (e.g., scoliosis,
chest deformities, ankylosing spondylitis), any symptoms
of any kind of disease, medical/surgical procedure or
trauma within four weeks before initiation of the study,
pregnancy and waist to height ratio (WHtR) greater than
0.59. All procedures were performed in accordance with
the 1964 Declaration of Helsinki and were approved by
the institutional ethical committee (Ref. No. EK-237/21).

Instrumentation
The methods used in this study are identical to those
already published in our previous article [35].

Table 1 Descriptive statistics of participants (Mean =+ Standard
Deviation)

Participants All (n=31) Males (n=11) Females (n=20)

Age (y) 28.7+58  284+50 289+64
Height (cm) 1732+85 181.0+6.0 169.0.£6.4
Weight (kg) 662+92 741480 61.9+6.8
Waist Circumference 741+59 789+6.2 71.5+39
(cm)

Waist to Height Ratio 043+0.03 044+0.03 042+0.02
Body Mass Index 220+16  226+1.7 216+14
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M-mode ultrasonography

The ultrasonographic examination was performed with
Toshiba (Canon Medical Systems Corporation, Ota-
wara, Japan) Aplio i600 ultrasound system by a single
experienced ultrasound operator. The movement of the
diaphragm was assessed in the M-mode, which is used
to track the motion of a given point in time. M-mode
assessment of the diaphragm has been described in sev-
eral studies [36—39]. A low frequency convex 3.5 MHz
transducer was placed in the subcostal region between
the midclavicular and anterior axillary lines with the
probe tilted cranially, medially, and dorsally to scan the
posterior third of the right hemidiaphragm perpen-
dicularly. The right subcostal approach provides a good
visualization to assess the movement of the hemidi-
aphragm, as the liver serves as an acoustic window. In
contrast, imaging of the left hemidiaphragm is more
difficult because the air in the gastrointestinal tract
can interfere with visualization, and therefore a smaller
acoustic window through the spleen must be used. For
deeper breathing, the left hemidiaphragm is not possi-
ble to visualize at all in a large proportion of individuals
[38].

In the M-mode trace, the diaphragm is shown as an
echogenic line. The position of the diaphragm was deter-
mined as the distance between the inspiratory peak and
the expiratory peak of the curve from the probe (Fig. 1).
This distance was measured vertically from the center of
the echogenic line to the baseline. Excursions were then
calculated as the difference between the end-expiratory
and end-inspiratory positions. All ultrasonographic
measurements were reported in millimeters.
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Spirometry

Lung volumes were measured using a portable spirome-
ter Jaeger MasterScope (VIASYS Healthcare, Hoechberg,
Germany) with an original heated pneumotachograph.
The initial calibration was performed with a one-liter
pump in MasterScope software, followed by a second
calibration using the original software called Breath-
Recorder, described in previous studies [9, 40, 41]. Raw
flow-time data were stored directly on the spirometer’s
hard disk, while the flow signal was integrated to obtain a
time-volume signal. All records were corrected for body
temperature and ambient pressure saturated with water
vapor (BTPS) to increase measurement accuracy. To
analyze the recorded spirometry data was used original
Grapher software [9, 41]. In this software, we can see any
changes in time using a special cursor (Fig. 2). Therefore,
any specific time-volume records of inspiratory/expira-
tory volume changes were accurately measured.

Procedures

Participants were asked not to eat for at least 1.5 h
before the procedure. All examinations were per-
formed in the same quiet room with a stable tempera-
ture by the same operators, who were blinded to the
results of other assessments. Ultrasonographic and
spirometric examinations were performed simultane-
ously with the subjects in a standing position. Subjects
stood with their feet shoulder-width apart, elbows
close to their body, and both hands placed on the han-
dle of one kettlebell. They were instructed to lift the
kettlebell only by bending their elbows to avoid tilt-
ing the trunk and loss of ultrasound imaging of the
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Fig. 1 M-mode ultrasonographic image of the diaphragm motion. The cursor is placed on the peak of the curve at the end-inspiratory (upper
peaks B, D, F) and end-expiratory (lower peaks C, E, G) phase of breathing with a vertical line to the baseline
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Fig. 2 Spirometric time-volume curve displayed in Grapher software. The vertical axis represents the lung volume (in liters), and the horizontal axis
represents the time (in seconds). Placing the cursor on the spirometric curve allows us to determine the exact value of the volume at a given time

diaphragm. The weight of the kettlebell was chosen
to be close to 20% of the subject’s body weight. The
lowest kettlebell weight used in this study was 10 kg,
and the highest weight was 18 kg. The ultrasound
probe was positioned in the right subcostal region and
directed to obtain the best possible view of the right
hemidiaphragm. The subject was then given a nose-
clip, and a pneumotachograph mouthpiece was put in
his or her mouth.

The procedure began with a deep inspiration fol-
lowed by a sharp expiration, which was used as a time
marker for both records. One recording lasted up to
20 s. Every procedure was repeated three times in all
patients, and the average values of these measurements
were then calculated. Diaphragm motion and lung vol-
umes were measured in the following two scenarios:

1) Natural loaded breathing scenario (N-LBS): two tidal
inspirations and expirations, then the kettlebell was
lifted, followed by two inspirations and expirations
while the kettlebell was held.

2) AB loaded breathing scenario (AB-LBS): two tidal
inspirations and expirations, then the participants
were instructed to contract the abdominal muscles
and lift the kettlebell, followed by two inspirations
and expirations while holding the kettlebell and hav-
ing the abdominal wall tensed.

Statistical analysis

Descriptive statistics were calculated for all variables.
Data are mean +standard deviation (SD) unless other-
wise stated. Univariate outliers were assessed for each
dependent variable by calculating z-scores using com-
plete data for all scenarios (n=31). Normality was
assessed using + 1.96 as the cutoff for the absolute z-score
skew and kurtosis (respectively) for each variable [42].
Results evidenced three probable-outliers according to
z-score values greater than 2.58, which occurred within
variables that were not normally distributed. These out-
liers were handled by winsorization; where the outlier
retained its rank value and was replaced with the next
largest value [43]. This process improved the normality of
those variables to within the acceptable range, where no
absolute z-scores were larger than +1.96 for skew or kur-
tosis after the correction of the outliers.

The reliability of the ultrasonography and spirometry
measures was calculated from averaging measurements
of two tidal breaths recorded at different time points for
each subject. Table 2 presents intraclass correlation coef-
ficient estimates (ICC,,), 95% confidence intervals, and
standard error of measurement (SEM) calculated from
the tidal inspiration and expiration values. The ICC’s
were calculated based on a mean-rating (k=3), absolute-
agreement, 2-way random-effects model. Reliability was
interpreted as poor (<0.5), moderate (0.5 — 0.75), good
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Table 2 Intraclass Correlation Coefficients of ultrasonography and spirometric values during tidal inspiration and expiration (ICC , |)

95% Confidence Interval

F Test With True Value 0

Measure ICC Lower Bound Upper Bound SEM Value df Sig

Ultrasonography Inspiration 985° 970 993 1.68 71.63 30 <.001
Expiration 989° 978 995 1.54 93.40 30 <.001

Spirometry Inspiration 918° 829 .960 023 11.86 30 <.001
Expiration 759° .500 884 0.29 4.09 30 <.001

Note: ICC Intraclass Correlation Coefficient
SEM Standard Error of Measurement
@ Denotes: Good reliability

b Denotes: Excellent reliability

(0.75 = 0.9), and excellent (>0.9) [44]. Pearson’s correla-
tions were used to assess the relationship between dia-
phragm excursions and lung volumes for each scenario
described, and paired-samples t-tests were used to deter-
mine changes in the diaphragm position and lung vol-
umes for each scenario. Power analysis, using G*Power
3.1, indicated an 80% chance of detecting a strong cor-
relation of 0.50 in 29 subjects (two-tailed), and 27 sub-
jects were needed to achieve a medium effect size of 0.5
in paired t-tests (one-tailed), with statistical significance
determined a priori at p<0.05. When relevant, Bonfer-
roni corrections were utilized when testing multiple
hypotheses. The strength of the correlations was inter-
preted as weak (<0.30), moderate (0.30—0.50), or strong
(>0.50), and effect sizes were interpreted as small (<0.2),
medium (0.5), or large (>0.8) [45]. All data analyses were
conducted using the Statistical Package for the Social Sci-
ences (SPSS version 28.0 for Mac; IMB Corp, Armonk,
NY).

Results

Hypothesis testing

Pearson’s correlations demonstrated strong statistically
significant positive relationships between the ultrasonog-
raphy and spirometry measures for all types of breathing:
tidal breathing: r(29)=0.709, p<0.001; natural loaded
breathing: 7(29) =0.731, p<0.001; and AB loaded breath-
ing: r(29) =0.795, p<0.001 (see Table 3).

Table 4 displays the meanststandard deviation
(SD), mean differences, and outcomes of each sce-
nario. These data are presented graphically in Figs. 3
and 4. During the natural loaded breathing scenario,
ultrasonography demonstrated the inspiratory posi-
tion of the diaphragm (mm) when holding the weight
was significantly lower, i.e., more caudal, compared
to tidal inspiration (#(30)=4.83, p<0.001), but not
for the expiratory position (#30)=1.31, p=0.101).
Spirometry values demonstrated that the lung vol-
ume (L) at the end of inspiration when holding the
weight was significantly lower than the end of tidal
inspiration (£(30)=4.53, p<0.001), as well as the end
of expiration when holding the weight (¢(30)=4.75,
p<0.001). Total lung volume, calculated as the dif-
ference between the average inspiratory and expira-
tory values, was lower when holding the weight but
not enough to be statistically significant (£(30) =1.65,
p=0.06). During the AB loaded breathing scenario,
ultrasonography demonstrated the inspiratory posi-
tion of the diaphragm (mm) when holding the weight
with AB was significantly lower compared to tidal
inspiration (£(30)=3.08, p=0.002), but not for the
expiratory position (£(30) =1.69, p=0.05). Spirometry
values demonstrated that the lung volume (L) at the
end of inspiration when holding the weight with AB
was significantly lower than the end of tidal inspiration
(¢(30)=3.52., p<0.001), as well as the end of expiration

Table 3 Correlations between Ultrasonographic diaphragm excursions and Spirometry lung volumes during different types of

breathing. Values are Mean [Standard Deviation]

Type of Breathing Ultrasonography (mm) Spirometry (L) Pearsonr r? Sig

Tidal Breathing 18.74 (5.74) 1.74(0.73) 709 503 <.001*
Natural Loaded Breathing 2146 (7.26) 1.65 (0.63) 731 534 <.001*
AB Loaded Breathing 2041 (9.52) 1.55 (0.68) 795 632 <.001*

Note: mm Millimeter, L Liter
AB Abdominal bracing
" Statistically significant (2-tailed) correlation (P<0.01)
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Table 4 Changes in Ultrasonography values (mm), Spirometric values (L), and Lung volume (L) during different scenarios of holding a

load equivalent to 20% body weight (Mean [Standard Deviation])

N-LBS? Measure Tidal Breathing  Natural Loaded Breathing  Mean Difference  95% CI Effect Size  PValue
Ultrasonography  Inspiration 96.94 (13.03) 93.35(12.92) 358 (2.07,5.09) 0.87 <.001*
Expiration 116.18 (14.35) 11542 (14.51) 0.76 (-428,195) 0235 0.101
Spirometry Inspiration 1.31(0.74) 1.01 (0.58) 0.30 (0.16,0.44) 0.81 <.001*
Expiration -044 (0.59) -0.64 (0.61) 0.21 (0.12,0.30) 0.85 <.001*
Lung Volume 1.74(0.73) 1.65 (0.63) 0.09 (-0.02,021) 03 0.06
AB-LBS® Measure Tidal Breathing  AB Loaded Breathing Mean Difference  95% ClI Effect Size  PValue
Ultrasonography Inspiration 94.20 (12.27) 90.74 (14.89) 346 (1.16,5.75) 0.55 002*
Expiration 113.76 (12.92) 112.05(12.93) 1.71 (-0.35,3.77) 03 0.05
Spirometry Inspiration 1.41(0.73) 1.01 (0.69) 0.40 (0.17,0.63) 0.63 <.001*
Expiration -0.36 (0.53) -0.54 (0.61) 0.18 (0.06,0.30) 0.56 002*
Lunge Volume  1.77(0.70) 1.55(0.68) 0.22 (0.01,043) 0.39 019*%
Note: mm millimeter, L =Liter
2 Subject performs two tidal breaths, then holds the weight and performs two additional breaths with spontaneous abdominal muscle activity
b Subject voluntarily contracts abdominal muscles prior to holding weight, followed by two breaths
Note: N-LBS=Natural loaded breathing scenario
AB-LBS Abdominal bracing —loaded breathing scenario
Effect size =calculated Cohen’s d
" Statistically significant difference observed (Bonferroni Correction P<0.025)
Natural Loaded Breathing Scenario
Diaphragm Position (Ultrasonography) Lung Volume (Spirometry)
2,5
120 T
1 I 2 [
100 T T T
L T 15 1 |
80
£ 2 ' 1,74 1.65
E 60 116,18 115,42 2 1,31 i
96,94 93,35 0,5 1,01
40
0
20 -0,44 0
-0,5
0
-1
Tidal Natural Loaded Tidal Natural Loaded

Breathing Breathing

OInspiration  [OExpiration [Total Lung Volume
Fig. 3 Diaphragm position (mm) and lung volume (L) during natural loaded breathing scenario (Mean + Standard Deviation)

holding the weight with AB (#(30)=3.01, p=0.002). Discussion

Breathing Breathing

Total lung volume was also significantly lower when  This study has demonstrated that total lung volumes
holding the weight with AB (#(30) =2.18, p=0.019). may be reduced during lifting a load compared to tidal
breathing, although diaphragm movement increases. We
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AB Loaded Breathing Scenario

Diaphragm Position (Ultrasonography)

Lung Volume (Spirometry)

2,5
120 T T
1 i 2 '[
100 T i
il I 15 J
80
i
£ 2 1,77
R e 113,76 112,05 £ 1,41 1,55
0,5
94,2 90,74 ’ Lot
40
0
20 R 054
0,5
0
. 1
Tidal AB Loaded Tidal AB Loaded
Breathing Breathing Breathing Breathing
OInspiration  [Expiration [Total Lung Volume

Fig. 4 Diaphragm position (mm) and lung volume (L) during AB loaded breathing scenario (Mean + Standard Deviation)

assume that this is due to an increase in the stiffness of
the chest by the insertional action of the abdominal mus-
cles on its lower part [46], since a significant decrease
in total lung volume occurred only when the abdominal
muscles were voluntarily contracted. Contrary to our
hypothesis, these findings imply that there is no greater
contribution of the EIMs to ventilation during lift-
ing tasks, but the expiratory muscles are more involved
instead. The data presented in Table 4 show that when
lifting weight, inspiratory volume is being reduced, even
though the diaphragm reaches a more inspiratory (cau-
dal) position compared to tidal breathing. Conversely,
the expiratory volume increases while lifting weight, even
though the diaphragm reaches the same expiratory posi-
tion as during tidal breathing. This further supports the
theory of greater involvement of the expiratory muscles.
Such results may seem opposing to the findings of Hagins
& Lamberg [47-49], who reported that whole-body lift-
ing tasks resulted in a significant increase in inspira-
tory volume. However, these studies did not compare
tidal and loaded breathing but only investigated breath-
ing behavior during lifting a load. Since inspiration was
identified in studies by Hagins & Lamberg before lift-off,
inspiratory volume was thus increased.

Considering that the diaphragm plays a crucial role
both in breathing and spinal stabilization [6, 8], its insuf-
ficient respiratory function can affect the postural func-
tion and vice versa. This is supported by several studies

that showed the reduced respiratory or postural-res-
piratory movement of the diaphragm in patients with
low back pain (LBP) [41, 50, 51], which may be associ-
ated with the decreased magnitude of the force the dia-
phragm is capable to exert [52]. Some previous studies
suggest that lifting weights could improve diaphragm
strength. DePalo et al. [53] demonstrated that progres-
sive, graduated training of biceps curls and sit-ups for
16 weeks led to diaphragmatic hypertrophy and an
increase in maximal inspiratory pressure. In addition,
subjects who trained with weights had greater diaphragm
thickness and achieved greater maximal inspiratory pres-
sures compared to those who were untrained [54]. On
the other hand, the controls in these two studies [53, 54]
were non-training, so it is unclear whether these effects
were caused by a specific type of workout or exercise in
general. Janssens et al. [55, 56] also found that individu-
als with LBP were more prone to diaphragmatic fatigue
compared to healthy controls. Even training the inspira-
tory muscles in LBP patients reduced pain intensity. This
may help explain the association found between the pres-
ence of some respiratory disorders and LBP [57, 58].
Patients with chronic respiratory diseases often have
lower diaphragmatic excursions than healthy con-
trols [59-62]. Many of these patients suffer from dysp-
nea and associated exercise intolerance [63—66]. From
the patient’s perspective, dyspnea is a major factor
that impairs the quality of life in chronic respiratory
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disorders, such as chronic obstructive pulmonary disease
(COPD) [67]. An increase in dyspnea in COPD patients
was found to be related to reduced exercise capacity and
smaller diaphragmatic excursions [68]. Although resist-
ance training is generally beneficial and recommended
for COPD patients [69, 70], postural training of the dia-
phragm using lifting weights may not be advisable. For
upper-body resistance training, including weight-lifting,
studies have found no significant benefit in improving
dyspnea and changes in maximal inspiratory pressure in
patients with COPD [71, 72]. Moreover, the use of the
upper limbs during different tasks can overload the EIMs
and lead to dyspnea in these patients [73]. Our results
demonstrated slight decreases in lung volume when lift-
ing a load, but not statistically significant. However, when
using AB during resistance training, consideration should
be given to the fact that reduced lung volumes may con-
tribute to the development of dyspnea in patients with
respiratory disease.

The current study also shows a strong positive corre-
lation between diaphragmatic movement and lung vol-
umes during individual postural-respiratory maneuvers,
such as tidal breathing, natural loaded breathing, and AB
loaded breathing. This suggests that even during loaded
breathing, the diaphragm is responsible for the majority
of the inspired volume. However, this correlation does
not fully explain why the overall lung volume decreased
when lifting a load. As discussed above, we presume that
lung volumes may be reduced by the postural engage-
ment of other trunk muscles. We also observed a signifi-
cant reduction in lung volume occurring during lifting a
load with the simultaneous AB. In a related article [35],
we reported that adding the AB maneuver during lifting
weight results in a twofold increase in abdominal wall
tension (AWT) compared to the spontaneous contrac-
tion of the abdominal muscles. Since the magnitude of
AWT and IAP are strongly correlated [74], resistance to
caudal diaphragmatic movement increases during AB.
This suggests that adding AB when lifting a load can
improve not only spinal stability but also the strength of
the expiratory muscles as well as the diaphragm. Further
research is needed to determine the effect of postural-
respiratory training with or without AB on diaphragm
thickness, movement, and strength in both healthy indi-
viduals and patients with LBP.

Our study has several limitations. Firstly, all subjects
were healthy young volunteers, so the findings cannot
be interpreted for a population of elderly individuals
or those with respiratory disorders or musculoskeletal
dysfunction. Secondly, it is unknown whether the same
results would be confirmed for lifting heavier loads than
20% of body weight. In the present study, the weight
could not be increased much more, as then the lifting
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would cause adverse body movement that would affect
the ultrasonographic imaging of the diaphragm. Fur-
ther research is needed to determine how heavier loads
influence diaphragm movement as well as lung volumes.
Lastly, we have not monitored the activity of the extra-
diaphragmatic respiratory muscles while performing
postural-respiratory maneuvers; thus, we can only specu-
late on their involvement during loaded breathing.

Conclusion

Postural-respiratory contraction of the trunk muscles
may reduce lung volume despite an increase in diaphrag-
matic motion during lifting a load. For patients at risk of
dyspnea, it should be taken into account that lung vol-
umes decreased significantly during loaded breathing
with abdominal bracing. Still, strong correlations were
found between lung volume and diaphragm movement
for all types of breathing; suggesting major contributions
of the diaphragm to respiration even during postural
loading tasks.

Abbreviations
AB Abdominal bracing

AB-LBS  Abdominal bracing—Iloaded breathing scenario

AWT Abdominal wall tension

BTPS Body temperature and ambient pressure saturated with water
vapour

COPD Chronic obstructive pulmonary disease

EIMs Extra-diaphragmatic inspiratory muscles

IAP Intra-abdominal pressure

LBP Low back pain

N-LBS Natural loaded breathing scenario

WHIR Waist to height ratio
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