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Abstract. [Purpose] It is well known that visual feedback is an important factor contributing to balance and 
postural control. Nevertheless, there has been little discussion about the effects of visual feedback on pulmonary 
function. This study was conducted to investigate the role of visual feedback on respiratory muscle activation and 
pulmonary function. [Subjects and Methods] The subjects were 37 healthy adults who consented to participate in 
this study. The study measured the muscular activation of the trunk and pulmonary function according to the ab-
sence or presence of visual feedback. [Results] The results revealed significant changes in muscular activation and 
pulmonary function with the use of visual feedback. [Conclusion] These findings suggest that visual feedback may 
play a role in increasing respiratory muscle activity and pulmonary function.
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INTRODUCTION

The abdominal muscles are thought to both modulate 
and respond to changes in intra-abdominal pressure (IAP) 
with the diaphragm1). Currently, increases in IAP have been 
shown to occur as a reflex response to external stresses 
placed on the lumbar spine. Therefore, co-contraction of 
the abdominal muscles regulates IAP, fixes the trunk, and 
reduces the stress on the lumbar region2). Moreover, car-
diorespiratory activities may interrupt postural stability. In 
other words, when the respiratory demand increases, deeper 
and faster rib cage movements lead to greater postural sway. 
At this time, abdominal muscles contribute to postural sta-
bility and also contribute significantly to breathing3). During 
periods of increased IAP such as in the case of breathing, 
in particular, anterolateral abdominal muscles and the 
diaphragm work to control changes in IAP4). McGill et al.5) 
reported that the trunk muscles are recruited to stabilize the 
lumbar spine and may assist in the mechanics of ventila-
tion. Thus, the abdominal core muscles modulate changes 
in IAP, contribute to respiration, and provide trunk stability 
during changes in posture, walking, talking, and breathing6). 
Indeed, abdominal muscles are thought to contribute to res-

piration, particularly when the oxygen demand is increased 
by maximal ventilation3).

In general, trunk stability and postural control are depen-
dent upon the integration of information from the proprio-
ceptive, vestibular, and visual sensory systems. These three 
sensory systems have different operating frequency ranges 
that affect their influence on postural control in different 
situations. For example, extremely low frequencies of sway 
are best stabilized by vision. Somatosensation can assist in 
sensing a wide variety of movements. The vestibular system 
is thought to have a sensory threshold in a standing posture7). 
The central nervous system uses two main postural strategies 
to maintain and restore balance. The first one, anticipatory 
postural adjustments (APAs), controls the position of the 
center of mass (COM) of the body by activating the trunk 
and leg muscles prior to a forthcoming body perturbation8). 
The second, compensation postural adjustments (CPAs), 
serve as a mechanism of restoration of the position of the 
COM after a perturbation has already occurred. These two 
mechanisms have been shown to be effective in maintaining 
and restoring balance9).

Vision plays an important role in the generation of APAs 
and increases postural stability10). When people stand with 
their eyes closed or have vision problems, postural sway 
increases by 20–70%11). Vando et al.12) suggests that pos-
tural control in normal healthy persons is highly related 
to the ability to access visual information. Poor vision can 
have powerful effects on balance and can cause postural 
changes, imbalance, and a decrease in motion in healthy 
adults6). Many previous studies have focused on APAs or 
posture changes and imbalance. However, there is a lack of 
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studies on using visual feedback to determine vital capac-
ity. This study aimed to identify the role of visual feedback 
in changes in abdominal muscle activation, which largely 
affect stability, maintenance of posture, and vital capacity.

SUBJECTS AND METHODS

The subjects of this study were 37 healthy adults (18 
males and 19 females). They were provided with a verbal 
explanation of the study method and purpose, and written 
informed consent was received from each subject. The 
characteristics of the subjects were as follows: age, 24.4 
± 2.1 years; height, 170.0 ± 8.5 cm; weight, 62.5 ± 9.8 kg. 
All the participants had normal vision, and individuals 
with musculoskeletal or nervous problems, lung diseases, 
or lower back pain and smokers were excluded. This study 
was approved by the Daegu University Institutional Review 
Board and in accordance with the ethical principles of the 
Declaration of Helsinki.

In this study, a spirometer (Spiropalm, A-M Systems, 
Carlsborg, WA, USA) was used to examine vital capacity. 
The measured variables were as follows: forced vital capac-
ity (FVC) and maximum voluntary ventilation (MVV). Vital 
capacity was measured according to the guidelines of the 
American Thoracic Society13). This study was conducted 
with randomized trials, to avoid overlapping of results ac-
cording to test sequence, on 2 different days with an interval 
of one day (in consideration of the subjectsʼ muscle fatigue). 
Measurements were conducted in the same way. However, 
in the experiments without visual feedback, the researcher 
provided a sufficient explanation so that the subjects would 
better understand the experiment. In the case of experiments 
with visual feedback, the subjects were given a detailed ex-
planation about the shapes of the graphs for FVC and MVV 
to ensure their understanding. This information was also 
displayed on a screen using a beam projector. The experi-
ment methods were as follows: The subjects were asked to 
sit comfortably on a chair, and a researcher placed his hands 
on their shoulders (to reduce the compensation by the trunk). 
A clip was placed to prevent breathing through the nose. 
The subjects were then asked to breathe out through their 
mouth carefully while holding a mouthpiece to prevent air 
from leaking. For FVC measurement, the subjects were told 
to hold their heads slightly upwards while sitting upright, 
breathe in and out normally two or three times, and then 
breathe in deeply for 2 seconds. The subjects then were asked 
to breathe out as much air as possible for 6 seconds while 
maintaining an upright posture. For MVV measurement, 
the subjects were asked to breathe as quickly and deeply as 
possible at a ratio of 90–110 times/min for 12 seconds. An 
electromyograph (EMG) (TeleMyo DTS, Noraxon, Scotts-
dale, AZ, USA) was used to measure the muscle activities 
of the trunk. EMG data were band-pass filtered between 
20 Hz and 400 Hz and filtered with a notch filter at 60 Hz. 
The sampling rate for the signals was set to 1,000 Hz. Col-
lected data were analyzed after calculating root mean square 
(RMS) values. Reference voluntary contraction (RVC) was 
used for standardization of EMG. In this method, the muscle 
contraction of a particular movement was standardized rela-
tive to the RVC. Baseline EMG activity was recorded for 3 

seconds in a sitting position before the measurements. EMG 
data for FVC were recorded for 6 seconds immediately after 
breathing in deeply for 2 seconds, and EMG data for MVV 
were recorded for 12 seconds while breathing in as deeply 
as possible. The average of three measurements was used 
to avoid biased results. Surface electrodes were attached to 
muscle fibers in a line as follows: in the case of the rectus 
abdominis (RA), 1 cm lateral from and 2 cm below the um-
bilicus; in the case of the internal abdominal oblique (IO), 
2 cm medial from and 2 cm below the anterior superior iliac 
spine (ASIS), in the case of the external abdominal oblique 
(EO), along the line connecting the opposite pubic tubercle 
and the most inferior costal margin on the inferior margin 
in a diagonal direction14), and in the case of the sternoclei-
domastoid (SCM), over the muscle’s belly15). Surface EMG 
electrodes were placed on the right side of the abdomen. In 
order to reduce skin resistance, excessive hair was removed 
from the skin, the corneum was removed by rubbing the skin 
with a piece of sandpaper, and the skin was cleaned with 
disinfectant alcohol. Three values were recorded, and the 
average value was used in the analyses. A five-minute rest 
was given after every trial to prevent muscle fatigue.

A paired t-test was conducted to examine the effects of 
respiratory muscle activation and pulmonary function with 
visual feedback. The significance level was set to p<0.05 for 
the statistical analysis, and the collected data were analyzed 
using the SPSS 21.0 for Windows.

RESULTS

Comparison of respiratory muscle activation and pulmo-
nary function according to use of visual feedback revealed 
that FVC, FEV1, PEF, and MVV had increased with the 
use of visual feedback (p<0.05) (Table 1). Activation of the 
SCM, RA, EO, and IO increased during both the FVC and 
MVV tests with the use of visual feedback (p<0.05) (Table 
2).

DISCUSSION

Vision collects information about the surrounding envi-
ronment. It constantly provides the central nervous system 
with information about the location and movement of the 
body segments, and it helps to maintain balance10). Thus, 
measurements were conducted to determine how vision af-
fects the abdominal muscles and whether or not it has any 
correlation with vital capacity.

The abdominal muscles act as respiratory muscles and 
play a significant role in stabilizing the trunk and control-
ling its balance, both of which are important in maintaining 
APAs16). Trunk stability is achieved through the cooperative 
contraction of both the flexor and extensor trunk muscles, 
which increases IAP. Because the spring force of the abdo-
men is created by increasing the IAP17), the trunk muscles 
can stabilize the spine, especially the lumbar spine, and 
affect ventilation18). Currently, the abdominal muscles are 
thought to affect vital capacity by forming functional kinetic 
chains with the diaphragm, multifidus, muscles surrounding 
the abdominal muscles, and pelvic floor muscles (PFMs)19). 
Kim and Lee20) suggested that strengthening the abdominal 
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muscles would increase diaphragm activity and promote 
cooperative contraction of the muscles surrounding the 
abdominal muscles, which would result in increased IAP, 
thus affecting the pulmonary capacity. The correlation with 
vital capacity was also verified in studies that observed 
contraction of the PFMs, diaphragm, and muscles surround-
ing the abdominal muscles resulting in an increase in the 
IAP21). It has also been suggested that abdominal muscles 
contract in cooperation with the diaphragm and increase the 
IAP to affect vital capacity22). In a situation that requires 
a lot of oxygen, such as exercise, the abdominal muscles 
are incrementally activated. They contribute to modulation 
of the expiratory lung volume and expiratory flow and as-
sist inspiration by regulating the length of the diaphragm. 
Furthermore, the abdominal muscles are broadly regarded 
as the principal muscles of active expiration and contribute 
to respiration23). Previous studies have reported respiratory-
related abdominal muscles activity thresholds for minute 
ventilation equal to or greater than before3, 23).

This study confirmed that the use of visual feedback 
increased the overall vital capacity and activation of respira-
tory muscles in the subjects. The results showed increased 
activity of the abdominal muscles, particularly the IO 
muscle, which generally reacts in APAs in response to visual 
feedback. This muscle provides the spine with proper stabil-
ity and protection around the lumbar region in the case of 
increased IAP. Unlike the other abdominal muscles, the IO 
is closely associated with changes in IAP16). Therefore, the 
abdominal muscles first contract for APAs in response to 
visual feedback and then contract to provide spinal stabil-
ity in response to increased IAP caused by breathing. The 
results of this study showed a correlation with vital capacity. 
Therefore, the abdominal core muscles both provided spinal 
stability and acted as respiratory muscles by increasing the 
contraction when breathing increased. Drăgoi et al.24) sug-
gested that vital capacity and chest expansion were increased 
by the respiratory movement of the abdominal muscles 
and the diaphragm. Brown et al.25) confirmed that both 
vital capacity and use of the respiratory muscles increased 
after the latter were trained. The present study also found 
that by using visual feedback, it was possible to increase 
vital capacity as well as the use of muscles surrounding 
the abdominal muscles. The results showed also increased 
activity of the SCM. The SCM is an important accessory 
muscle of inspiration and becomes active during ventilation 
at high lung volumes and elevated levels of inspiration work. 

So the results of this study confirmed that SCM` recruit-
ment was increased during FVC and MVV maneuvers26). 
Shadgan et al.27) also reported that the SCM is progressively 
activated when breathing increased. Consequently, the find-
ings showed that visual feedback affected vital capacity by 
cooperative contractions of the respiratory muscles, which 
stabilized the body as APAs. However, the present study has 
the following limitation. Because the study was conducted to 
observe the immediate effects of visual feedback in normal 
adults, it did not identify the correlation of the effects of the 
intervention in patients. Therefore, further research should 
be conducted to identify increases in vital capacity and the 
strength of respiratory muscles through visual feedback 
training in patients with lung disease.
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