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Objective ¢ To investigate ventilatory responses and adaptation on exercise training

with elastic chest wall restriction.

Participants :  Twenty-four healthy males, aged 18 - 22 years-old, were participants in
this study.
Design 1 Restrict-randomly divided into three experimental groups: strapped

chest group (SC), non-strapped chest group (NC) and control group (CG)
were comparative randomized design study.

Method : In the exercise groups, the subjects underwent exercise at the same
intensity (70 - 80% MHR), frequency (3 time/week) and duration (60 min)
for four consecutive weeks. Data collection included anthropometrics
measurement (body weight, height, body mass index and circumference
of the chest) before and after exercise training program. Respiratory
functions include lung volumes and flows (FVC, FEV . FEVm/FVC, FIVC,
PEFR, MVV, MVT and RR) were also measured each week during

the training periods.

*College of Sports Science and Technology, Mahidol University
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Resuits :  The results showed that maximal voluntary ventilation in the SC group
was significantly higher than the non-strapped chest group at the 4"
week of training. The NC group had significantly lower levels of MVT at
the 2" and 3" of training period compared with the CG group. Respiratory
rate of the CG subjects were significantly higher than those of the NC
group.

Conclusion : Inconclusion, resistance exercise training with elastic chest wall devices
shows increases in the strength of the respiratory muscles és seen by the
increase MWV and MVT while RR decreases. Nevertheless, future researcher
are still needed. They should cover a longer exercise period, larger elastic
Strapping with other methods and higher intensity loading on the chest,

and different sports and gender groups.

Keywords :  Thoracic restriction, maximal voluntary ventilation, maximal tidal volume.
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Respiratory functions in mammais require the
integration of two essential components to permit the
flow and transfer of gases between the external
atmosphere and the blood."” Respiratory muscles
are skeletal muscles that are morphologically and
functionaily similar to locomotor muscles. Their primary
task is to displace the chest wall and, therefore, more
gas come in and go out of the lungs to maintain arterial
blood gas and pH homeostasis.?’ Although several
other respiratory muscles are associated with whole-
body exercise (i.e., the external intercostals, scalenes,
and sternocleidomastoid muscles), the diaphragm is
the primary inspiratory muscle and the most effective
pressure generator to increase alveolar ventilation, and
thus provides the best index of respiratory system
muscle functions.® D'Urzo et al. (1985)“ investigated
the effect of elastic loading on the ventilatory pattern
during progressive exercise, were measured in eight
healthy subjects, reported the minute ventilation (VE)
was decreased significantly by the elastic load.
Barnas et al. (1991)® investigated regional chest wall
impedance by strapping on the lower rib cage and
the abdomen. They found that the increase in the
magnitude of impedance was correlated with the
increase of the body segment in the electromyographic
activity of the diaphragm. It is believed that any
external load applied on the chest wall may affect
the respiratory muscles and cause displacement of
the chest wall, particularly in pre-pubertal children.
In addition, factors affecting respiratory muscles
such as age, sex and gender have been reported.
Exercise training is known to induce adaptation of
many systems such as the musculoskeletal and
cardiovascular systems. Yerk et al. (1 985)®also found

an improve in maximal voluntary ventilation (MVV)
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and maximal exercise ventilation (VEmax) after
endurance exercise training. Fanta et al. (1983)"”
investigated the effect-of training on lung function.
Training protocols included maximal inhalation to total
lung capacity (TLC), held for 10 seconds and then
exhaled to functional residual capacity (FRC) 20 times
daily for 6 weeks. After training, they found a significant
increase in vital capacity (VC), total lung capacity
(TLC), and forced expiratory volume in one second
(FEVm). Since, there is few reports regarding the
effectiveness of respiratory muscle resistant training
during aerobic exercise training, the present study
has sought to fill this gap. This study was aimed
to investigate ventilatory responses, respiratory
performance and adaptations to exercise training with
elastic chest wall restriction between the strapped
chest and non-strapped chest groups. Moreover,
changes in the lung volumes, lung function and
maximal voluntary ventilation as a result of exercise

training were also observed.

Methods

Twenty-four male Sports Science students
participated in this investigation and their ages ranged
from 18 - 22 years. The participants were restrict-
randomly divided into three groups. Group | (n = 9)
participated in elastic strapped chest exercise;
group Il {(n = 7) participated in non-elastic strapped
chest exercise; and, group lil (n = 8) were control.
The study protocol is a comparative randomized
design, which of 4 weeks on aerobic exercise training

The elastic chest strap was Esmarch Bandage
(VBM, Germany). Its strapping harness comprised
a 5 cm wide and 90 cm length 1 strapping wrap

circumference of the upper chest. The subjects were
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Table 1. Initial anthropometrics characteristics of chest strapped, non-strapped chest and control group.

Data were presented as means =+ SE.

Group Strapped Non -Strapped Control
Chest Chest

Age (yr) 19.22£0.22 19.71%0.18 19.75 + 0.41

Weight (kg) 60.33 £ 1.19 62.86 + 1.47 66.00 £ 3.12

Height (cm) 172.56 +1.55 172.141%1.30 170.50 £ 1.39

Circumference of normal chest (cm) 81.89 £ 0.31 81.43%*1.15 79.88 1 1.09

Circumference of full chest (cm) 86.44 1 0.38 85.57 +1.07 83.88+1.13

Statistically significant differences indicated as p < 0.01

fower than both the strapped chest and the non-
strapped chest groups in exercise training period
(p < 0.05).

Absolute lung volume and capacities were
measured, on weekly basis, during the four weeks.
The control 's FEVL0 tended to be significantly lower
than both strapped chest and non-strapped chest
groups on the initial, 2", 3“and 4" week (p < 0.05)
except that only 1% week was significantly lower in
the control group than the strapped chest group
(p < 0.05) (Table 2). When compared this variable
within the group, only forced expiratory in 1.0 second
(FEVm) of the non-strapped chest group increased
significantly in the 3™ week of exercise training
(p<0.05).

The sedentary group was found to have
significantly lower forced vital capacity (FVC) than both
the strapped chest group (p<0.05) and non-strapped
chest group (p<0.05) on the 3 and 4" week, while
the non-strapped chest group was significéntly
higher than the control group on the 2™ week
(p<0.05) (Table 2). Furthermore, the control group was
significantly lower than the strapped chest group

on the 1% and 2" week (p<0.05). Ratio of forced

expiratory in 1.0 second and forced vital capacity
(FEVm/FVC) were significantly different between the
strapped chest and the control groups on the initial
and the 3" week (p<0.05). Moreover, the non-strapped
chest group was significantly higher than the control
group at the 3 week of exercise training (p < 0.05)
(Table 2). In addition, when compared within the group,
there was no markedly difference of all groups
(p > 0.05).

When compared these peak expiratory flow
rate (PEFR) across the group during exercise training
period, the control ’'s PEFR tended to be significantly
lower than both the strapped chest and non-strapped
chest groups on the 1%, 2", 3", and 4" week (p <0.05)
(Table 2). Within the same group comparison, the
strapped chest group was increased significantly
in the 4" week of exercise training (p < 0.05). The non-
strapped chest group was increased significantly at
the 3™ week (p < 0.05). Besides, the control group
was increased significantly in the 2" week of exercise
training (p < 0.05). Forced inspiratory vital capacity
(FIVC) of the control group was significantly lower
than both the strapped chest and non-strapped
chest groups on the 1% and 4" week (p < 0.05). When
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compared this variable within the group, no significant
difference in all groups was observed (p < 0.05)
(Table 2). Relative maximal voluntary ventilation (MVV)
is illustrated in Table 2. There was significantly lower
MWV of the control group than both strapped chest

and non-strapped chest groups on the 1%, 2™, 3™

Chula Med J

and 4" week (p <0.05). Moreover, the strapped chest
group was significantly higher than non-strapped chest
group at the 4™ week of exercise training (p < 0.05).
When compared within the group, it was found that

no significant difference in all groups (p> 0.05).

Table 2. Comparison of lung function study among 3 groups at initial and during training period. Data were

collected at each week and presented at BTPS (means + SE).

Parameter Training period Strapped Chest Non -Strapped control
(week) Chest
FEV, (L) Initial 418%0.12° 4.0810.19° 3.48 1 0.11
1 4191t0.18° 4.02%0.23 3.6310.10
2 404%0.19° 415%0.18° 3.58 £ 0.06
3 4131t0.16° 431%0.19"° 3.5310.06
4 430%0.14° 4.05+0.15° 3.6310.07
FVC (L) Initial 424%0.15° 3.91%0.19 3.55%0.14
1 432%0.17° 412%0.23 3751014
2 412%0.19 4.36%0.18"° 3.7210.08
3 425%0.16° 441%0.16""° 3.6010.11
4 438%0.14° 417%0.15"° 3.6410.11
FEV, /FVC Initial 0.97 £ 0.011 0.931+0.020° 0.97 £0.010
1 0.98+0.008 0.98 £ 0.007 0.96 1+ 0.016
2 0.98 £ 0.006 0.95 1+ 0.009 0.96 £ 0.017
3 0.98£0.007° 0.97£0.015° 0.921£0.023
4 0.99+0.003 0.97 +0.011 097+0012
PEFR (L/S) Initial 8.17 £ 0.51 7.10X0.44 6.72£0.21
1 8.621£0.52° 8541 0.46° 6.111£0.42
2 9.12%0.58° 890+ 035"° 6.38 £ 0.32
3 9.61t0.51"° 9.16 £0.40"° 6.09 1 0.14°
4 10.16 £ 0.55"° 9.03£0.45"° 559X 0.44°
FIVC (L) Initial 3.97+0.09 372+ 0.15 3.6310.13
1 3.97t0.12° 3.86 £ 0.21 3.45%10.15
2 417X 0.48 4.0710.33 3461022
3 3.81%£0.13 3.8410.16 3.4510.10
4 3.8610.14 41410.34° 3.4910.13
MW (L/MIN) Initial 172.60 % 10.02 170.47 £ 12.16 136.76 £ 1.75
1 176.02 £ 9.78° 176.45+4.65° 135.81 £ 2.50
2 183.37 £ 9.80° 17317 £5.94° 136.06 £ 4.06
3 187.76 £ 9.48° 170.06 £11.15° 134.76 £ 2.96
4 192.90 £ 5.92*° 174.88 15.35° 136.13 £ 4.59
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Table 2. Comparison of lung function study among 3 groups at initial and during training period. Data were

collected at each week and presented at BTPS (means * SE). (Continued)

Parameter Training period Strapped Chest Non-Strapped control
(week) Chest

MV (L) Initial 1.471£0.07 124011 1.20 £ 0.04
1 1.61 £0.10° 1.411£0.05° 1.10£0.05
2 1.76 £ 0.16"° 1.35%007° 1.06 £ 0.05
3 1.861+0.14"° 1.38%0.14° 1.1510.04
4 163%0.12° 1.38+0.07 1.23%0.05

RR (L/MIN) Initial 12712+ 7.07° 143.47 + 6.87 141,15+ 3.75
1 121.56 + 5.59° 141,32 £ 4.18° 142.40 £ 6.19
2 116.01 £ 6.38° 131.32 X 4.72° 140.65 * 3.80
3 108.23 £ 6.34"2 135.61+5.28° 139.27 £ 2.20
4 108.23 % 3.00° 133.47 £ 6.42° 131.66  3.08

* Significantly different from its corresponding initial vaiues of the same group, p<0.05; a significantly different

between strapped chest and control at the same period, p<0.05; b significantly different between non-strapped chest

and control at the same period, p<0.05; ¢ significantly different between strapped chest and non-strapped chest at

the same period, p<0.05.

Chest strapping's MVT tended to be
significantly higher than the control group on the 1%,
2" 3™ and 4" week of exercise study (p < 0.05),
whereas the non-strapped subjects were significantly
different from those of the control group at the 1% week
(p < 0.05). Moreover, the strapped chest group was
significantly higher than the non-strapped chest
group in the 2™ and 3" week (p < 0.05) (Table 2). In
addition, when compared within the group, there was
significant difference of the strapped chest group on
the 2" and 3" week of exercise training (p < 0.05).
Respiratory rate (RR) of the control group found to
have significantly lower than the strapped chest
group on each week of training (p < 0.05) (Table 2).
Furthermore, respiratory rate of non-strapped chest

group was significantly higher than the strapped

chest group on the 1%, 2", 3™ and 4" week of exercise
study (p < 0.05). When compared within the group,
only RR of the strapped chest group decreased
significantly in the 3 week of training (p < 0.05).

Discussion

These studies examined the effects of elastic
chest wall restriction on lung function after aerobic
exercise training. The present study showed the
strapped chest subjects had greater maximal voluntary
ventilation (MVV), maximal tidal volume (MVT) and
respiratory rate (RR) than those of the non-strapped
chest group (p<0.05).

These findings were inconsistent with
previous studies: William et al. (2002)(8) reported the

effect of inspiratory and expiratory muscles training
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in competitive triathletes and marathon runners that
the subjects demonstrated no significant increase
in FVC, FEV, , FEV. /FVC, PEFR and FIVC. Legg S,
et al. (2004) © reported that a university bag load 6
kg, one with two shoulder straps and the other with a
single strap worn across the shoulders and the chest.
There were no significant differences of FEVm, FVC,
FEVm/FVC and PEFR in the two groups.

In the present study, however, we have
demonstrated that chest strapping had greater
maximal voluntary ventilation (MVV), maximal tidal
volume (MVT) and respiratory rate (RR) than a non-
strapped chest. This certainly indicates that loads
applied to the rib cage, which restrict its mechanics,
and increase in average inspiratory airflow.
Furthermore, the response to rib cage restriction is
graded so that greater increase in muscle activity is
produced with more severe restriction. In contrast to
the effects of rib cage restriction, inspiratory muscle
activity as measured by occlusion pressure did not
alter by restriction of abdominal expansion, which
presumably interferes more with diaphragm than the
intercostals muscle movement. Moreover, although
rib cage restriction decreased the tidal volume and
duration of inspiration and expiration and altered the
pattern of breathing, restriction of abdominal excursion
did not. Selective restriction of either the rib cage
or the abdominal movement was associated with
compensatory increases in the tidal volume of the
unhindered portion of the chest wall. Robison et al.
(1982) "? studied the effects of running on respiratory
muscle function found that, at the end of a 20-week
program, subject’'s demonstrated a significant

increase in MVV. William et al. (2002) ® studied the

Chula Med J

effect of inspiratory and expiratory muscle training in
competitive triathletes and marathon runners found
significant increase in maximal VEand maximal VT as

well as a decrease in RR at maximal exercise.

Conclusions

Overall, it can be concluded that elastic strap
devices or exercises with different thoracic restrictions
do elicit change in the pulmonary muscles functions.
Elastic chest strapping or resistance exercise training
increased the strength of the respiratory muscles as
seen by the increase in maximal voluntary ventilation
(MVV) and maximal tidal volume (MVT) as well as
decreasing in respiratory rate (RR) during four weeks
of exercise training.

The use of exercise training with different
thoracic restrictions and elastic strap devices, in the
present study is effective as a method for conditioning
the resistance exercise training in athletic subjects.
This modified apparatus may be a useful device for
pulmonary resistance muscle training in sports
science and rehabilitation medicine especially asthma,
chronic restrictive pulmonary disease and chronic
bronchitis.

As long as sports scientists and coaches
strive to push the limits of athlete’'s performance
every method of training will be explored. Pulmonary
resistance training with athletes is relatively new,
and has received minimal research. Furthermore, more
studies should be done with a longer exercise-training
period, comparing with elastic straps in other methods
and intensity loading on the chest, different sports

and gender groups.
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