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Objective: To determine if the provision of visual biofeedback using real-time rehabilitative ultrasound imaging (RUSI) enhan-
ces the acquisition and retention of diaphragm muscle recruitment during exercise.
Design: Two group pretest posttest design.
Methods: Thirty healthy subjects were randomly assigned to the verbal feedback group (VG, n=15) or the visual and verbal feed-
back group (VVG, n=15). The VG performed breathing exercises 10 times with verbal feedback, and the VVG also performed 
breathing exercises 10 times with verbal feedback and visual feedback with the use of RUSI to measure changes in diaphragm 
thickness (DT). For DT, the mid-axillary lines between ribs 8 and 9 on both sides were measured in standing, and then the chest 
wall was perpendicularly illuminated using a linear transducer with the patients in supine to observe the region between rib 8 and 
9 and to obtain 2-dimensional images. DT was measured as the distance between the two parallel lines that appeared bright in the 
middle of the pleura and the peritoneum. After one week, three repetitions (follow-up session) were performed to confirm re-
tention effects. Intra- and between- group percent changes in diaphragm muscle thickness were assessed.
Results: In the VVG, the intervention value had a medium effect size compared to the baseline value, but the follow-up value de-
creased to a small effect size. In the between-group comparisons, during the intervention session, the VVG showed no significant 
effect on percent change of DT but had a medium effect size compared to the VG (p=0.050, Cohen’s d=0.764). During the fol-
low-up session, retention effect did not persist (p=0.311, Cohen’s d=0.381).
Conclusions: RUSI can be used to provide visual biofeedback and improve performance and retention in the ability to activate 
the diaphragm muscle in healthy subjects. Future research needs to establish a protocol for respiratory intervention to maintain the 
effect of diaphragmatic breathing training using RUSI with visual feedback.
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Introduction

The diaphragm is well known as the principal muscle of 

respiration. The dome-shaped musculotendinous structure 

contracts during inspiration, flattening the pleural cavity, 

and expanding the lungs. When diaphragmatic function is 

impaired, the accessory muscles must assume this role but 

they are much less efficient, resulting in shortness of breath 

with exertion in patients with diaphragmatic dysfunction 

[1]. The diaphragm is important for mechanical stability in 

the upper part of the trunk [2]. Contraction of the diaphragm 

increases intra-abdominal pressure, working synergistically 

with the pelvic floor and abdominal muscles to increase spi-

nal stiffness and stability [3,4]. The diaphragm may also in-

crease spinal stability directly via the attachment of its crura 

to the lumbar vertebrae [5]. Previous studies have shown 
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that, compared to healthy subjects, patients with chronic low 

back pain (LBP) and sacroiliac joint pain have abnormal dia-

phragm movement and/or position during tidal breathing 

with postural tasks [6,7]. Kolar et al. [6] found that patients 

with LBP had less motion (excursion) of the diaphragm with 

dynamic loading of the limbs during normal breathing. Cho 

et al. [8] also reported diaphragmatic weakness in hemi-

plegic patients with stroke, which affected thoraco-abdomi-

nal motion and resulted in ineffective trunk movement.

Despite the importance of the diaphragm for respiration 

and spinal stability, knowledge of training methods for dia-

phragmatic motion is limited. Diaphragmatic breathing ex-

ercises are commonly performed to train the diaphragm by 

breathing through the nose, filling the abdomen with air, and 

slowly exhaling through pursed lips [9]. During this, thera-

pists may offer verbal or tactile feedback to provide resist-

ance to the abdomen. However, it is difficult to determine if 

diaphragmatic breathing exercises are successfully trained. 

Furthermore, patients with difficulty in voluntary muscle 

contraction due to problems, such as muscle weakness, re-

duced sensation, and poor proprioception (e.g., stroke pa-

tients) are barely trained in diaphragm breathing. Therefore, 

it is necessary to provide feedback via new methods to train 

muscles effectively.

Rehabilitation ultrasound images (RUSI) reliably record 

changes in muscle thickness, fiber length, pennation angle, 

and cross-sectional area [10]. RUSI, which can provide vis-

ual feedback by showing changes in muscle thickness in real 

time, has also been used for neuromuscular retraining of the 

transverse abdominis or multifidus muscles, which are diffi-

cult to contract voluntarily [7,11]. Research has demon-

strated the effectiveness of augmenting clinical instruction 

with visual feedback via RUSI for enhancing performance 

of isolated contraction of the transverse abdominis and lum-

bar multifidus muscles [11,12]. RUSI was used as a form of 

feedback to enhance the motor learning process for isolated 

recruitment of the deep muscle of the spine [11,13]. 

Although the diaphragm plays an important role in trunk sta-

bility with these trunk muscles, there are few studies sug-

gesting effective ways to train the diaphragm. Among these, 

Kim et al. [14] was the only one that presented audiovisual 

biofeedback using magnetic resonance imaging to improve 

diaphragmatic motion. In addition, to date, there are no stud-

ies that have explored the effects of visual biofeedback using 

RUSI on learning to recruit the diaphragm muscle and its re-

tention effects. Therefore, the purpose of this study is to in-

vestigate the motor learning effect of visual biofeedback us-

ing RUSI in diaphragm muscle recruitment. Our hypothesis 

is that visual biofeedback using RUSI will be more effective 

in inducing changes in diaphragm muscle thickness com-

pared to conventional breathing exercises. We also hypothe-

size that these changes will cause permanent changes in mo-

tor learning of the diaphragm, also known as retention 

effects.

Methods
Participants

A total of 30 healthy normal adult volunteers aged 24 to 33 

years were studied. Subjects of both sexes were included 

and randomly allocated to the verbal feedback group (VG) 

or the visual and verbal feedback group (VVG) based on the 

selection of either number 1 or 2 from a sealed envelope. The 

VG consisted of 9 females and 6 males (mean±standard de-

viation [SD], 26.13±2.74 years) and the VVG consisted of 8 

females and 7 males (mean±SD, 25.93±2.49 years). Exclusion 

criteria were previous lumbar or rib injury or surgery that al-

tered the diaphragm muscles, known neuromuscular or joint 

disease, prior experience with biofeedback using ultrasound 

imaging, and prior training in cognitive activation of the dia-

phragm muscle. All subjects provided their informed consent. 

The study was approved by the Medical Research Ethics 

Committee at Sahmyook University in Seoul (IRB No. 

2-1040781-AB-N-01-2017070HR).

Procedures

We conducted a randomized controlled trial in which par-

ticipants were equally randomized to either the VG or VVG. 

Participants were allocated using a computer-generated 

block-randomization sequence using numbers contained in 

a sealed envelope. Participants were blinded to allocation, 

and end-point assessments were undertaken by an observer 

blinded to allocation. All the allocations were performed by 

a physical therapist who was not involved in the study. Prior 

to testing in the acquisition phase, all subjects received the 

same initial explanation relating to the diaphragm muscle. It 

was explained to the subjects that the contraction would be 

detected and measured using the ultrasound imaging equip-

ment, and that they would have 5 seconds to contract the dia-

phragm muscle and hold the contraction. At the end of the 

5-second period, the image was saved on the screen, and the 

measurement of the resultant increase in thickness was 

performed. Each subject performed a total of 10 con-

tractions (intervention session), as it was understood that 
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Figure 2. Comparison in the VG (A, 
B) and the verbal and visual feedback 
group (C, D) ultrasound measure-
ments of diaphragm thickness at rest 
and during maximal contraction using 
real-time rehabilitative ultrasound 
image. VG: verbal feedback group, 
VVG: visual and verbal feedback 
group.

Figure 1. Biofeedback training in the form of visual observation of
the ultrasound image of the diaphragm muscle contraction.

more repetitions may induce fatigue. Twenty seconds of rest 

were provided between contractions. All subjects received 

verbal feedback on the increase in muscle thickness meas-

ured in millimeters that occurred with contraction of the 

diaphragm. In addition to the provision of verbal feedback, 

subjects in the VVG received biofeedback in the form of vis-

ual observation from the RUSI of the muscle contraction as 

it occurred (verbal plus visual feedback). Subjects were 

positioned in supine position and visual feedback from the 

RUSI was achieved by use of a personal computer monitor 

(Figure 1). Ultrasonographic measurements of all subjects 

during training were performed by one assessor with an ul-

trasound experience of more than 5 years.

After completing the 10 trials in the acquisition phase, all 

subjects were asked to return in one week for follow-up as-

sessments to confirm the retention effects. The assessor who 

performed the follow-up assessments was blinded to group 

allocation. A one-week period between the intervention ses-

sion and the follow-up session was chosen as representative 

of the gap period that commonly exists between treatment 

sessions in physical therapy practice. Subjects were in-

structed not to practice the contraction during the one-week 

period. The second session involved three more trials of the 

same contraction; however, the subjects were not provided 

with any biofeedback on their performance nor the results, 

for all 3 trials.
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Figure 3. Consolidated Standards of Reporting Trials diagram showing flow of participants through each stage of this randomized trial.
Participants were screened and randomly assigned to groups. 

Outcome measures

Diaphragm thickness
A real-time B-mode ultrasound imaging system 

(MYSONO U5; Samsung Medicine, Seoul, Korea) with a 

5.0-14.0 MHz linear transducer was used for examination of 

the diaphragm muscle thickness at rest and during maximum 

voluntary contraction. For measurement of diaphragm 

thickness (DT), the mid-axillary lines between ribs 8 and 9 

on both sides were examined for all patients in a standing 

posture, and then the chest wall was perpendicularly illumi-

nated using a linear transducer with the patients in supine 

position to observe the region between rib 8 and rib 9 and to 

obtain 2-dimensional images (Figure 2). The DT was meas-

ured as the distance between the two parallel lines that ap-

peared bright in the middle of the pleura and in the middle 

peritoneum (Figure 2) [8].

Statistical analysis

For the diaphragm muscle contraction measures, the amount 

of increase in thickness on contraction was expressed as a 

percentage of the resting muscle thickness. The formula used 

for each of the 13 trials performed (10 intervention and 3 fol-

low-up) was: percentage increase=[(contracted thickness−

resting thickness)/(resting thickness)]×100%. Results were 

presented as means±SDs. Prior to all analyses, the normality 

of the data was assessed with a one-sample Kolmogorov- 

Smirnov test. Comparisons of the changes between the 

groups were performed using independent t-tests. Baseline, 

intervention, and follow-up data were compared within 

groups using a paired t-test. For all tests, statistical sig-

nificance was set at α=0.05. All statistical analyses were 

performed using IBM SPSS Statistics ver. 21.0 software 

(IBM Co., Armonk, NY, USA). 

Cohen’s d was applied for effect size calculations using 

the difference between two means divided by the pooled 

SDs. Firstly, changes in diaphragm percentages were ana-

lyzed for comparison between the two groups. Secondly, in-

tra-group comparisons were analyzed for baseline versus in-

tervention, and intervention versus follow-up results. Effect 

sizes ranging from 0.2 to 0.5, from 0.5 to 0.8, and from 0.8 

to infinity were defined as small, medium, and large, re-

spectively [15].

Results

Thirty participants were recruited for the study (15 in the 

VG and 15 in the VVG). All participants completed all tests 
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Table 2. Results of the percent increase of diaphragm thickness         (N=30)

Group Baseline Intervention Follow-up
Intervention 

minus baseline

Follow-up 
minus 

intervention

Between 
baseline and 
intervention

Between 
intervention 

and follow-up

p-
value

Cohen’s 
d

p-
value

Cohen’s
d

VG (n=15) 31.92 (23.08) 26.45 (16.32) 27.48 (11.42) −5.47 (17.60) 1.02 (11.88) 0.248 0.273 0.743 0.072
VVG (n=15) 32.71 (31.43) 50.03 (37.21) 41.60 (26.21) 17.31 (38.32) −8.42 (33.01) 0.102 0.502 0.339 0.261
Between groups
   t (p) −2.093 (0.050) 1.044 (0.311)
   Cohen’s d 0.764 0.381

Values are presented as mean (SD).
VG: verbal feedback group, VVG: visual and verbal feedback group. 

Table 1. Demographic characteristics (N=30)

Characteristic VG (n=15) VVG (n=15) t (p)

Sex (female/male) 9/6 8/7 0.357 (0.724)
Age (y) 26.13 (2.74) 25.93 (2.49) 0.209 (0.836)
Height (m) 166.86 (8.68) 165.86 (7.45) 0.338 (0.738)
Weight (kg) 64.86 (14.09) 62.66 (13.88) 0.673 (0.670)

Values are presented as number only or mean (SD).
VG: verbal feedback group, VVG: visual and verbal feedback group. 

and training (Figure 3). Participant characteristics for both 

groups are listed in Table 1. There were no significant differ-

ences between the groups with regards to base characteristics 

and baseline values at the beginning of the study (p>0.05). 

Following 10 intervention trials, the VVG showed no sig-

nificant improvement in the percent increase of DT 

(p=0.102), but showed a medium effect size (Cohen’s 

d=0.502) compared to the baseline values. The VG also 

showed no significant improvement in percent increase of 

DT (p=0.248), and showed a small effect size (Cohen’s 

d=0.273). After 3 follow-up trials, the VVG showed no sig-

nificant improvement in the percent increase of DT 

(p=0.339), and showed a small effect size (Cohen’s 

d=0.261) compared to their intervention trial values. The 

VG also showed no significant improvement in the percent 

increase of DT (p=0.743), and showed a small effect size 

(Cohen’s d=0.072) (Table 2).

In the between-group comparisons, during the 10 inter-

vention trials, VVG showed no significant effect on the per-

cent change of DT but showed a medium effect size com-

pared to VG (p=0.050, Cohen’s d=0.764). During 3 fol-

low-up trials, VVG showed a small effect size compared 

with that of the VG, and there was no significant effect in the 

VVG on the percent change of DT compared with that of VG 

(p=0.311, Cohen’s d=0.381) (Table 2).

Discussion

The purpose of this study was to determine if visual bio-

feedback using RUSI is effective for DT changes during 

training of the diaphragm muscles and if this training has a 

lasting effect. The results of this study indicate that the visu-

al biofeedback group with verbal feedback showed no sig-

nificant changes in diaphragm percent change at rest and 

during maximal contraction compared with the verbal feed-

back only group. However, the results of the effect size anal-

ysis support that visual biofeedback is effective in retraining 

diaphragm movements. This group did not maintain the re-

tention effect.

The diaphragm is well known as the principal muscle of 

respiration and contributes to the mechanical stabilization of 

the trunk [2]. Contraction of the diaphragm increases in-

tra-abdominal pressure, working synergistically with the 

pelvic floor and abdominal muscles to increase trunk stabil-

ity [3]. There is evidence that the diaphragm contributes to 

spinal stability, and previous studies have established a link 

between diaphragm dysfunction and LBP and sacroiliac 

pain [6,7]. Subjects with LBP have been shown to have de-

creased proprioception [16], which affects their ability to 

provide and process internal feedback, and therefore, aug-

mented biofeedback may be indicated. Other evidence sug-

gests that a 6-week breathing training for stroke patients 

with asymmetric weakening of the diaphragm improves 

their balancing ability [17] and gait endurance [8], which 

precede postural control. This explains the importance of the 

diaphragm as a stabilizer of the trunk, which indicates that a 

training method reflecting biofeedback targeting only the di-
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aphragm is needed.

From this perspective, this study has significant im-

plications for follow-up studies for retraining diaphragmatic 

contractions in a variety of patients, such as patients with 

LBP, sacroiliac joint pain, and stroke. It can also be proposed 

as a rehabilitation strategy that can activate and enhance dia-

phragmatic contraction as a component of core stability 

enhancement. Van et al. [11] showed that biofeedback using 

RUSI in healthy subjects is effective for lumbar multifidus 

muscle contraction, which is consistent with the results of 

this study. A total of 25 healthy volunteers were divided into 

2 groups and received different types of biofeedback. 

Subjects were commonly subjected to verbal feedback on 

the amount of multifidus contraction, and only one group re-

ceived additional visual biofeedback using RUSI during the 

acquisition phase. All subjects were reassessed a week later. 

Both groups showed significant improvement in the volun-

tary contraction of the multifidus muscle during the acquis-

ition phase (p<0.001), but the group with additional visual 

biofeedback showed greater improvement than the group 

with verbal feedback only (p<0.05). In addition, the group 

that received visual ultrasound biofeedback retained their 

improvement in performance from week 1 to week 2 (p<0.90), 

whereas the performance of the other group decreased 

(p<0.05). In the results of this study, only the group that re-

ceived visual and verbal feedback showed significant DT 

changes during the intervention session (medium effect 

size). However, this group did not continue to be effective 

during the follow-up session. This demonstrates that the ver-

bal feedback provided in breathing interventions is more ef-

fective when additional visual feedback is applied. Diaphragm, 

one of the major inspiratory muscles, is more difficult to 

train than other trunk muscles due to the nature of the respi-

ratory muscles and therefore requires special intervention, 

such as visual biofeedback.

The principles of motor learning explain how visual feed-

back improves diaphragm contraction. A methodology to 

contract these muscles is needed because of the low con-

scious sensory perception of the postural control muscles in 

the trunk and spine [18], including the diaphragm, where 

visual feedback plays a role. In the cognitive phase of motor 

learning proposed by Fitts and Posner [19], feedback, move-

ment sequence, and instruction are required during repeti-

tive exercises. At this phase, visual feedback provided using 

ultrasound images is most suitable. In addition, the visual 

feedback, which is provided in real time during muscle con-

traction, can provide information about the increased mus-

cle thickness to improve the motor skill of activating the 

diaphragm. This knowledge can improve the motor skill re-

quired to shrink the diaphragm by informing the performer 

during task execution [20]. Ultrasound imaging has been 

used as a biofeedback tool for other muscles that contribute 

to spinal stability, including the transversus abdominis [13], 

lumbar multifidus [11], and pelvic floor [21]. Specifically, 

Richardson et al. [13] proposed ultrasound imaging as a bio-

feedback tool for neuromuscular re-education and found 

that ultrasound acts as a feedback to effectively activate 

trunk muscles in patients with LBP. In the same way that ul-

trasound imaging has been used in training the transversus 

abdominis, lumbar multifidus, and pelvic floor muscles, it 

may be a useful clinical tool for training individuals to en-

gage the diaphragm to enhance spinal stability. 

In conclusion, the use of the RUSI for visual feedback 

plus verbal feedback for instructing how to contract the dia-

phragm muscle in healthy subjects is a beneficial teaching 

tool for consistent performance of the diaphragm muscle 

compared to verbal feedback only, which is the teaching and 

feedback methods used in many clinics today. The effect of 

RUSI on the retention of diaphragm muscle performance 

was not found to be significant in this study. These results 

suggest that a protocol, such as the amount and intensity of 

the respiratory intervention method, is necessary to maintain 

the effect of the diaphragm breathing training continuously. 

The main limitation of this study is the relatively limited data 

acquisition methods. We used 2 physiotherapists skilled in 

ultrasound imaging to measure all subjects, which is not 

comparable to measurements made by inexperienced testers 

in ultrasound imaging. Further research is needed to de-

termine if patients with diaphragm damage due to LBP or 

stroke would also benefit from the use of real-time ultra-

sound feedback in learning how to contact the diaphragm 

muscle. In future studies, it would be necessary to inves-

tigate whether patients with LBP or stroke benefit from re-

learning how to contract their diaphragm muscles in terms of 

pain reduction and functional improvements, such as respi-

ratory performance.
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