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Objective: This study aimed to investigate the effects of an ultrasound-based bar graph proportional to the quadriceps muscle
thickness as a real-time visual feedback training tool in the elderly.

Design: Cross-sectional study.

Methods: Twenty-four elderly persons participated in this study and were randomly divided into three groups: oral training group
(n=8, group 1), ultrasound imaging group (n=8, group 2), and graph group (n=8, group 3). In the pre condition, all participants per-
formed maximal voluntary isometric contraction (MVIC) of the quadriceps with knee extension three times with oral training. In
the post condition, group 1 performed MVIC of the quadriceps with oral training, group 2 performed MVIC of the quadriceps with
real-time visual feedback using ultrasound imaging, and group 3 performed MVIC of the quadriceps with real-time visual feed-
back using a bar graph proportional to the quadriceps muscle thickness, three times for all groups. Muscle thickness, activity
(mean, peak), tone, stiffness, logarithmic decrement, relaxation, and creep were measured in both conditions in all participants.
Results: Visual feedback with a bar graph showed significant effects on muscle thickness, mean muscle activity, and peak muscle
activity compared with oral training and visual feedback with ultrasound imaging (p<0.05).

Conclusions: Isometric training of the quadriceps with real-time visual feedback using a bar graph proportional to the quad-
riceps muscle thickness may be more effective than other methods in improving muscle thickness and muscle activity. This study
presented a tool that can help increase muscle thickness in the elderly.
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Introduction

Aging societies are prevalent worldwide. Physical activ-
ity decline occurs in the elderly population, which engages
in less than one-fifth of the recommended physical activity
for older people [1]. The muscle weakens with old age [2]. In
particular, the quadriceps muscle is vulnerable to loss of
muscle power, thickness, and endurance during daily
activities. Since the quadriceps is the key muscle for stand-
ing up or walking, strengthening this muscle group is im-
portant in the elderly. In addition to strengthening the quad-
riceps muscle, which is an important muscle, a whole streng-
thening program is required for the elderly population.

Therefore, various training methods to slow the progression
of muscle weakness in the elderly are being explored, and it
has been reported that regular resistance exercise training
may be the most effective intervention for improving muscle
strength and physical function in this population [3].
However, considering their reduced activity and cardiopul-
monary ability, elderly people experience difficulty in per-
forming such high-intensity training [4]. Thus far, most
methods for strengthening muscles are implemented using
oral training [5]. Recently, visual feedback has been a focus
of studies for rehabilitation programs. Previous studies have
proven that providing visual feedback using ultrasound
imaging in real-time is an effective way to strengthen se-
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lected muscles [6]. Another study showed that visual feed-
back training with an electromyography (EMG) device is al-
so more effective than the conventional method [7].
Ultrasound has emerged as a safe and reliable device for
measuring muscle thickness and cross-sectional area, and
muscle thickness measured using ultrasound provides im-
portant information related to muscle function [8]. In addi-
tion, ultrasound has similar measurement accuracy to com-
puted tomography, with greater cost-effectiveness [9].
However, it is difficult for participants in a training program
to distinguish the target muscle from other tissues because
the image consists of only black and white color. To solve
this problem, we developed the software Rehabilitative
Ultrasound Imaging 1.0 (RUSI 1.0) in which it generates a
bar graph. During training, RUSI 1.0 provides a visual rep-
resentation of the extent of muscle contraction in real-time.
Therefore, we performed this study to determine the effec-
tiveness and utility of this software compared with the con-
ventional method of quadriceps muscle rehabilitation in the
elderly.

Methods
Participants

In this study, 24 elderly persons (5 male, and 19 female)
participated. The sample size of the study was calculated us-
ing G*Power version 3.1.9.4 (Universitdt Kiel, Kiel,
Germany), with an effect size of 0.7 and power of 0.8. The
inclusion criteria were as follows: age 60-80 years, an ambu-
latory status, no history of a central nervous system disease
in the last 6 months, no pain related to the musculoskeletal
system, and no limitation in the range of motion of the lower
extremity. The exclusion criteria were as follows: inability
to participate in the study due to diseases such as diabetes, or
hypertension, difficulty in understanding the examiner’s in-
structions, score <26 points on the Mini Mental State
Examination, having a malignant tumor, and being judged
inappropriate by the researcher. The 24 participants were
randomly divided into three groups: oral training group
(n=8), ultrasound imaging group (n=8), and graph group
(n=8). The study was approved by the Institutional Review
Board of Sahmyook University (IRB No. 2-1040781-A-N-
012020031HR). The objective of the study and its require-
ments were explained to the subjects, and all participants
provided written consent in accordance with the ethical prin-
ciples of the Declaration of Helsinki.

Procedures

Muscle thickness was measured using a hands-free fixed
probe with a personal computer-based muscle viewer (PC-
BMW) (MicrUs EXT-1H; TELEMED, Vilnius, Lithuania)
in which the RUSI 1.0 software was mounted [10,11]. Mean
muscle activity and peak muscle activity were measured us-
ing a surface EMG system (TeleMyo 2400 G2; Noraxon,
Scottsdale, AZ, USA). Muscle tone, stiffness, logarithmic
decrement, relaxation, and creep were measured using
MyotonPRO (Myoton AS, Tallinn, Estonia). Images were
acquired at 12 MHz. The hands-free fixed probe is designed
with hooks that can be wrapped around the extremities. The
strap allows the transducer to be attached to the skin in order
to prevent the transducer from moving during the measure-
ment process [12]. The sites of the transducer were stand-
ardized in all measurements. The site of the quadriceps was
marked at two-thirds of the distance between the anterior su-
perior iliac spine and superior pole of the patella. A TeleMyo
DTS Telemetry system (Noraxon) was used to collect EMG
signals from the rectus femoris, vastus medialis, and vastus
lateralis. The electrode sites were shaved using a razor and
was cleaned using rubbing alcohol. Surface electrode pairs
were positioned with an inter electrode distance of 2 cm.
Reference electrodes were integrated on the lateral tibial
condyle. EMG data were collected for the rectus femoris
(with the electrodes placed at the middle of the anterior supe-
rior iliac spine line and the upper part of the patella), vastus
medialis (with the electrodes placed at the middle of the su-
perior anterior iliac spine and the joint space at the anterior
border of the medial collateral ligament), and vastus lateralis
(with the electrodes placed at one-third of the distance be-
tween the superior anterior iliac spine and the lateral side of
the patella). EMG signals were amplified, band-pass filtered
(10 and 450 Hz), and notch filtered (60 and 120 Hz) before
being digitally recorded at 1,000 Hz and processed into the
root mean square with a moving window (1-s duration and
100-ms steps) through the recording process stage [13].
MyotonPRO was placed right above the ultrasound probe
for measuring the rectus femoris [14]. The hands-free fixed
probe of PC-BMW was placed at 60% of the superior ante-
rior iliac spine and the superior border of the patella. A towel
was placed under the knee [15]. To assess the above meas-
urements, the 24 participants in all groups were placed in sit-
ting position on a bed with the feet hanging over the edge and
the hip at 90 flexion with knee extension (Figure 1). In the
pre-condition, the participants maximally contracted their
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Figure 1. Measuring quadriceps thickness with Rehabilitative
Ultrasound Imaging 1.0 software linked to personal computer-
based muscle viewer.

quadriceps voluntarily (isometric contraction) three times
with oral training. In the post-condition, the participants in
the oral training group (group 1) contracted their quadriceps
maximally with oral training, similar to the pre-condition;
the participants in the ultrasound imaging group (group 2)
contracted their quadriceps maximally three times with vis-
ual feedback using ultrasound imaging in real-time; and the
participants in the graph group (group 3) contracted their
quadriceps maximally three times with visual feedback us-
ing RUSI 1.0, which generated a bar graph proportional to
the thickness of the quadriceps in real time (Figure 2).

RUSI 1.0

RUSI 1.0 (Figure 1) is a software that was developed as a
visual feedback device with PC-BMW. This software was
made with emphasis on generating a bar graph proportional
to the quadriceps muscle thickness by using ultrasound im-
age data, for use as a tool in isometric muscle strengthening
training of the quadriceps in the elderly. To activate the soft-
ware, two points were set: one was on the middle of the bor-
der of the upper fascia of the rectus femoris, and the other
was on the middle of the border of the femur bone. Both
points were on hyperechoic regions; therefore, when the
muscle was contracted, the points were detected by echoge-
nicity. The distance between the two points indicated the
thickness of the quadriceps. Depending on the distance, the
software generated a bar graph that changed its height pro-
portionally in real time. The bar graph showed four different

Figure 2. Executing Rehabilitative Ultrasound Imaging 1.0
software. Yellow line - quadriceps muscle thickness. Red line -
converted bar graph proportional to the yellow line distance in real
time.

colors according to the percentage of maximal voluntary
contraction (>100%: blue, 95%-100%: green, 88%-94%:
yellow, <88%: red) during exercise training in the elderly.
When the viewer showed a blue or green graph, a 5-s
count-down timer was activated with instructions to the par-
ticipants to keep contracting the muscle. The data for max-
imal thickness was automatically saved daily in order to
check the recovery status.

Statistical analysis

The statistical program PASW Statistics for Windows,
Version 18.0 (SPSS Inc., Chicago, IL, USA) was used for
data analysis. The general characteristics of the participants
were analyzed using descriptive statistics, and the pre- and
post- changes between groups were analyzed using the one-
way analysis of variance test. The statistical significance
level of all data was p<0.05.

Results
Demographic characteristics

The demographic characteristics are shown in Table 1.
The participants consisted of 24 healthy elderly persons (5
male and 19 female) with a mean age of 75.00 (5.03) years,
mean height of 154.50 (6.76) cm, mean weight of 58.77
(7.11) kg, and mean body mass index of 24.63 (2.60) kg/mz.

Differences in pre- and post quadriceps thickness be-
tween groups

The differences in the quadriceps thickness between
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groups in the pre- and post conditions are shown in Table 2.
In the oral training group (group 1), the thickness of the
quadriceps was 32.59 (2.30) mm in the pre-condition and
32.65 (2.18) mm in the post-condition. In the ultrasound
imaging group (group 2), the thickness of the quadriceps
was 32.78 (2.83) mm in the pre-condition and 34.85 (3.12)
mm in the post-condition. In the graph group (group 3), the
thickness of the quadriceps was 34.94 (3.04) mm in the
pre-condition and 37.78 (3.10) mm in post-condition.

Differences in pre- and post mean quadriceps activity
between groups

The differences in the mean quadriceps activity between
groups in the pre and post conditions are shown in Table 3.

Table 1. Demographic characteristics (N=24)

Characteristics Value

Sex (female/male) 19/5

Age (y) 75.00 (5.03)

Height (cm) 154.50 (6.76)

Weight (kg) 58.77 (7.11)

Body mass index (kg/m’) 24.63 (2.60)

Dominant side (left/right) 2/22

Values are presented as number only or mean (SD).

In the oral training group (group 1), the mean activity of the
vastus medialis was 32.14 (7.45) V in the pre-condition and
32.63 (7.36) V in the post-condition. The mean activity of
the rectus femoris was 33.96 (6.99) V in the pre-condition
and 34.60 (7.20) V in the post-condition. The mean activity
of the vastus lateralis was 38.06 (5.94) V in the pre-condition
and 38.54 (5.67) V in the post-condition. In the ultrasound
imaging group (group 2), The mean activity of the vastus
medialis was 30.50 (6.74) V in the pre-condition and 32.04
(6.62) V in the post-condition. The mean activity of the rec-
tus femoris was 33.25 (8.61) V in the pre-condition and
35.38 (7.36) V in the post-condition. The mean activity of
the vastus lateralis was 36.50 (5.19) V in the pre-condition
and 40.18 (4.41) V in the post-condition. In the graph group
(group 3), the mean activity of the vastus medialis was 31.83
(7.64) V in the pre-condition and 40.01 (5.65) V in the
post-condition. The mean activity of the rectus femoris was
37.05 (8.02) V in the pre-condition and 45.81 (5.61) V in the
post-condition. The mean activity of the vastus lateralis was
39.90 (9.42) V in the pre-condition and 47.66 (7.00) V in the
post-condition.

Differences in pre- and post peak quadriceps activity be-
tween groups

The differences in the peak quadriceps activity between

Table 2. Differences in pre- and post- quadriceps thickness between groups (N=24)
Group 1 2 3 F (p)
Pre (mm) 32.59 (2.30) 32.78 (2.83) 34.94 (3.04) 1.808 (0.189) -
Post (mm) 32.65 (2.18) 34.85 (3.12) 37.78 (3.10) 6.597 (0.006) 1<2<3
Values are presented as mean (SD).
Table 3. Differences in pre- and post- mean quadriceps activity between groups (N=24)
Group 1 2 3 F@®)
VM (V)
Pre 32.14 (7.45) 30.50 (6.74) 31.83 (7.64) 0.114 (0.893) -
Post 32.63 (7.36) 32.04 (6.62) 40.01 (5.65) 3.648 (0.044) 1=2<3
RF (V)
Pre 33.96 (6.99) 33.25(8.61) 37.05 (8.02) 0.523 (0.600) -
Post 34.60 (7.20) 35.38 (7.36) 45.81 (5.61) 6.849 (0.005) 1=2<3
VL (#V)
Pre 38.06 (5.94) 36.50 (5.19) 39.90 (9.42) 0.461 (0.639) -
post 38.54 (5.67) 40.18 (4.41) 47.66 (7.00) 5.645 (0.011) 1=2<3

Values are presented as mean (SD).
VM: vastus medialis, RF: rectus femoris, VL: vastus lateralis.
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groups in the pre and post conditions are shown in Table 4.
In the oral training group (group 1), the peak activity of the
vastus medialis was 44.19 (7.40) V in the pre-condition and
44.38 (7.13) V in the post-condition. The peak activity of the
rectus femoris was 48.31 (4.78) V in the pre-condition and
48.69 (4.01) V in the post-condition. The peak activity of the
vastus lateralis was 60.26 (7.80) V in the pre-condition and
59.96 (9.14) V in the post-condition. For the ultrasound-
imaging group (group 2), the peak activity of the vastus me-
dialis was 43.61 (6.21) V in the pre-condition and 44.25
(6.74) V in the post-condition. The peak activity of the rectus
femoris was 47.61(9.09) V in the pre-condition and 49.75
(9.53) V in the post-condition. The peak activity of the
vastus lateralis was 59.11 (5.90) V in the pre-condition and

61.10 (5.24) V in the post-condition. In the graph group
(group 3), the peak activity of the vastus medialis was 47.24
(6.47) V in the pre-condition and 52.88 (3.46) V in the
post-condition. The peak activity of the rectus femoris was
51.69 (9.78) V in the pre-condition and 60.09 (12.17) V in
the post-condition. The peak activity of the vastus lateralis
was 61.40 (9.20) V in the pre-condition and 68.50 (5.97) V
in the post-condition.

Differences in pre- and post MyotonPRO values be-
tween groups

The differences in the MyotonPRO values between
groups in the pre and post conditions are shown in Table 5.
Only muscle tone showed a statistically significant differ-

Table 4. Differences in pre- and post- peak quadriceps activity between groups (N=24)
Group 1 2 3 F (p)
VM (V)
Pre 44.19 (7.40) 43.61 (6.21) 47.24 (6.47) 0.674 (0.520) -
Post 44.38 (7.13) 44.25 (6.74) 52.88 (3.46) 5.415(0.013) 1=2<3
RF (#V)
Pre 48.31 (4.78) 47.61 (9.09) 51.69 (9.78) 0.566 (0.576) -
Post 48.69 (4.01) 49.75 (9.53) 60.09 (12.17) 3.735(0.041) 1=2<3
VL (V)
Pre 60.26 (7.80) 59.11 (5.90) 61.40 (9.20) 0.174 (0.841) -
Post 59.96 (9.14) 61.10 (5.24) 68.50 (5.97) 3.515(0.048) 1=2<3
Values are presented as mean (SD).
VM: vastus medialis, RF: rectus femoris, VL: vastus lateralis.
Table 5. Differences in pre- and post- MyotonPRO values between groups (N=24)
Group 1 2 3 F (p)
MT (Hz)
Pre 17.14 (2.78) 13.79 (2.66) 14.75 (1.90) 3.885(0.037) 2<3<1
Post 17.44 (2.34) 14.29 (3.23) 14.46 (1.98) 3.790 (0.039) 2=3<1
MS (N/m)
Pre 312.88 (69.65) 215.13 (68.55) 251.00 (51.08) 4.826 (0.019) 2<3<1
Post 331.63 (68.44) 242.00 (109.58) 215.13 (96.36) 3.438 (0.051)
LD
Pre 1.30 (0.16) 1.13 (0.15) 1.25(0.16) 2.595 (0.098)
Post 1.26 (0.12) 1.10 (0.11) 1.19 (0.14) 3.366 (0.054)
R (ms)
Pre 17.50 (4.72) 23.58 (7.46) 21.10 (4.24) 2.334(0.122)
Post 16.31 (4.02) 22.23 (7.36) 19.81 (8.50) 1.487 (0.249)
C
Pre 1.08 (0.29) 1.38 (0.47) 1.29 (0.26) 1.486 (0.249)
Post 1.01 (0.25) 1.31 (0.44) 1.33 (0.26) 2.440 (0.111)

Values are presented as mean (SD).
MT: muscle tone, MS: muscle stiffness, LD: logarithmic decrement, R: relaxation, C: creep.
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ence between groups. The other variables measured by
MyotonPRO (muscle stiffness, logarithmic decrement, re-
laxation, and creep) did not show statistically significant dif-
ferences between groups.

Discussion

The muscle is a crucial structure in the human body be-
cause it is used in all movements, from simple to detailed
movements such as standing, sitting, and walking. Previous
studies have shown that muscle thickness is proportional to
muscle power [16]. However, as the age increases, the mus-
cle volume decreases, leading to muscle weakening. This
loss of muscle mass and strength is called sarcopenia, which
is classified as a disease [2]. Sarcopenia increases the rates
of disability, poor mobility, weakness, and hospitalization
[17,18]. Therefore, as the elderly population is becoming
large worldwide, sarcopenia is now a common disease and
causes difficulty in daily movements. Sarcopenia incurred
an additional >$18 billion in health-care costs in 2001 in the
United States [19]. Elderly persons with sarcopenia have a
higher risk of falling and lower physical performance than
those without sarcopenia [20]. To address this problem,
many studies on rehabilitation have been conducted [21]. A
previous study showed that for selective muscle training,
training with visual feedback using ultrasound imaging is
more effective method than conventional methods in re-
habilitation [6]. Another study showed that visual feedback
training with ultrasound is more effective than without visu-
al feedback using ultrasound [22]. However, most studies on
rehabilitative ultrasound visual feedback have been related
to speech training [22,23].

In the present study, we investigated whether using the
RUSI 1.0 software with a hands-free fixed probe is more ef-
fective than the conventional method for rehabilitation of
the quadriceps muscles in the elderly. In training using this
software, the participants performed isometric contraction
of their quadriceps muscle because it is dangerous for the
elderly to lift an external weight by flexing their knee.
Although external weight is absent in isometric contraction,
it is effective in preventing muscle loss. Eccentric con-
traction prevents and reduces sarcopenia, decreases the risk
of falls, improves mobility and independence, provides rap-
id gains in muscle strength and muscle mass, improves ath-
letic performance (speed, jumping, change of direction),
shifts the muscle length-tension relationship toward a longer
muscle length, increases insulin sensitivity, improves the

blood lipid profile, enhances lipid oxidation, improves the
resting energy expenditure, and reduces fat mass reduction
[24].

In this study, we confirmed the effectiveness of the newly
developed ultrasound-based software (RUSI 1.0) for in-
creasing quadriceps muscle thickness in the elderly. The bar
graph group, which used the RUSI 1.0 software, showed the
highest quadriceps thickness and activity among the three
groups, with significant differences (p<0.05). However, the
variables that were measured using MyotonPRO (muscle
tone, muscle stiffness, logarithmic decrement, relaxation,
and creep) did not show significant differences between
groups. This is because of the cross-sectional design of this
study. Muscle stiffness and tone are affected when the inter-
vention on the muscle is not applied for only a short time as
in a previous study [25]. In addition, muscle stiffness and
tone usually have a considerable influence on the re-
habilitative prognosis of patients with neurologic diseases
such as stroke, spinal cord injury, and Parkinson’s disease
[26]. Moreover, this study showed that muscle activity is
proportional to muscle thickness, as another study has re-
ported [27].

The results of the present study showed that RUSI 1.0 was
the most effective tool, followed by visual feedback from
conventional ultrasound imaging, and oral training was the
least effective in two aspects: muscle thickness and muscle
activity. We assumed that the participants’ motivation dur-
ing rehabilitation is the main reason for this result.
Compared with the previous studies on the effect of ultra-
sound visual feedback training, the results of this study
showed well that real-time visual feedback using ultrasound
bar graph training is the most effective method for increas-
ing muscle thickness compared to oral training and conven-
tional ultrasound visual feedback training at the same time.
Another study showed that elderly people rely more on visu-
al feedback than young people [28]. This suggests that RUSI
1.0 can be a useful training tool in demand. Previous studies
have verified the reliability and validity of PC-BMW
[10,11] and the hands-free fixed probe [12]. Thus, the pres-
ent study suggested that the newly developed software RUSI
1.0 mounted on PC-BMW with a hands-free fixed probe is
effective for training the quadriceps muscle in the elderly
(Figure 3).

Our study had the limitation of a small sample size. Thus,
our participants could not represent the entire elderly pop-
ulation worldwide. In addition, with respect to the EMG
electrode attachment site, because the ultrasound device and
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