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Introduction
Low back pain is experienced by everyone once in a lifetime 

and causes significant medical and socioeconomic problems in 
20-30% of the population[1]. People with low back pain generally 
have decreased range of lumbar motion and show asymmetric 
movements, expressing difficulties in activities of daily living 
[2]. However, no neurological causes of low back pain have been 
precisely identified yet, which makes it difficult to diagnose and 
treat and leads to a decline in the quality of life beyond pain [3]. 
Numerous variables such as the lack of exercise and anxiety due 
to pelvic twist, age and stress have drawn attention as the causes 
of low back pain, and lack of exercise especially causes instability 
in the lumbar region [4]. The instability of lumbar region weakens 
muscles and ligament around the spine due to lack of exercise, 
which thus cannot adequately hold the lumbar region and results 
in instability, functional disorder, and pain [5].

The muscles related to the lumbar region stability are rectus 
abdominis and external oblique lateral fiber, which are the surface  

 
muscles, and deep muscles are classified into external oblique 
inner fiber, internal oblique, and transversus abdominis [6]. These 
muscles are involved in the stability of lumbar spine [4], and the 
importance of trunk muscles is mentioned to people with lumbar 
pain; the simultaneous contraction of muscles around the spine is 
necessary for the stability of spine [7]. Mitra and Mande [8]reported 
that biofeedback lumbar stabilization exercise for low back pain 
patients reduces pain during rest and activity. Cruz-Díaz, et al. [9] 
said that pilates intervention was effective for the exercise anxiety 
of low back pain patients. Similarly, methods using a stabilization 
exercise to strengthen the muscles around the lumbar spine have 
been reported, along with the introduction of exercise method 
using vibration with easy and huge exercise effects recently.

Vibration is a muscle stimulation method using vibration which 
has no effects on human body and has recently been proposed 
for rehabilitation exercise with vibration [10]. Related studies 
identified that the dual task training applied to stroke patients had 
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positive effects on their vastus medialis [11]. They also confirmed 
the effects of vibration as applying vibration to elderly diabetes 
patients was related to the improvement of pain level and the 
flow of leg blood [12]. Studies have also been actively conducted 
on the effects according to frequency difference, which argued that 
the frequency difference was reduced by 36.7% at 20Hz, 28% at 
35Hz, and 34.8% at 50Hz in the effects on Hoffman reflex according 
to the frequency difference [13]. Moreover, studies on the effects 
of vibration exercise on muscular strength with frequency and 
amplitude difference said that muscular strength was increased in 
various frequencies [14].

However, there have been insufficient studies on the effects 
of circle-ring resistance exercise according to a specific vibration 
frequency on the thickness of trunk muscle for patients with 
previous low back pain. Thus, this study will present the applicability 
of resistance exercise using circle-ring as a rehabilitation exercise 
treatment for patients with previous low back pain, by dividing the 
vibration frequency into 8Hz and 30Hz and analyzing the muscles 
related to low back pain on ultrasonic image.

Materials and Methods
Subjects Study Design

This study received Institutional Review Board (No: 1041478-
2019-hHR-007) approval from Nambu University’s Bioethics 
Committee and recruited 39 previous low back pain patients 
through a public announcement to G region in Jeollanam-do 
Province. The general characteristics of the study subjects were 
as follows (Table 1). This study explained its purpose and exercise 
method and constituted its population as people who wished to 
voluntarily participate in the study and filled out a consent form. 
The selection of study sample size was calculated by considering 
significance level (α = 0.05), effect size (d = 0.8059299), and 
power (1-β = 0.95) using G * Power 3.1 [15] based on the results 
of previous studies [16]. Three groups of 13 people in each of the 
8Hz vibration circle-ring resistance exercise group (8VCRG), 30Hz 
vibration circle-ring resistance group (30VCRG), and stabilization 
exercise group (SEG) were formed, calculating 11 in each group and 
considering the 20% dropout rate. Information on the groups and 
exercise effect were not shared with the subjects; the groups were 
categorized using a simple randomization method by a single-blind 
test and carried out an exercise in different times for each group. 
The subjects were selected from those who had experienced lumbar 
pain within 1 month, those with a VAS score of 2 to 3, those who do 
not exercise regularly, and those without any dizziness, vertigo, and 
problems in the vestibular organs.

Table 1: General characteristics of subject (n = 39).

Characteristics 8VCRG(n=13) 30VCRG(n=13) SEG(n=13) p

Age (year) 24.46 ± 3.12 24.61 ± 3.20 23.61 ± 2.93 0.209

Height (cm) 170.08 ± 8.54 170.31 ± 8.08 171.46 ± 7.57 0.141

Weight (kg) 65.56 ± 17.96 70.33 ± 15.20 72. 93 ± 10.64 0.888

8VCRG, 8 Hz vibration circle-ring resistance exercise group; 
30VCRG, 30 Hz vibration circle-ring resistance exercise group; 
SEG, stabilization exercise group.

Values are presented as mean ± standard deviation.

Interventions

The For 8 Hz vibration circle-ring (Noble Line Pilates Ring, 
EVERLAST, TAIWAN) resistance exercise, hip joint flexion, 
extension, adduction, and abduction exercise were performed 
at Level Ⅱ tension using circle-ring, which is used as a resistance 
exercise tool (SW-VH16, SONIX, KOREA) in clinical practice on a 
vibration instrument. The vibration intensity was set at 30 mm, a 
medium intensity and the frequency was set at 8 Hz. Before starting 
the exercise, the subjects stretched both feet over the vibration 
instrument in their shoulder width and flex on the knee joints at 
30° while holding the handles of exercise apparatus to maintain 
balance. After applying circle-rings between the legs about 10 cm 
above the knee joints, a resistance exercise was conducted on the 
subjects by having them put their legs inside the circle-ring and 
applying it about 10 cm above the outer knee joint. After applying 
the circle-ring about 10 cm above the knee joint in the straight 
standing position, the subjects carried out flexion and the extension 
exercise by flexing and extending each leg alternately.

The exercise program consisted as follows: the participants 
walked for 5 minutes at a regular walking pace of 3 km/h on 
treadmill as a warm-up, did the main exercise for 1 minute in each 
exercise, rested for 30 seconds in the middle of each exercise, and 
stretched for 5 minutes as a cool down. This exercise intervention 
was applied to the subjects 30 minutes a day, 3 times a week for 
8 weeks in total. The suggest that the exercise program of 30 Hz 
vibration circle-ring resistance exercise group was the same as the 
resistance exercise program using 8Hz vibration. For stabilization 
exercise, bridge exercise and plank exercise were applied, with 
5 minutes of warm-up, 20 minutes of the main exercise, and 5 
minutes of cool down. The main exercise constituted of 30 seconds 
of isometric exercise and 30 seconds of rest for 10 times.

Experimental Methods Measurements

This study used an ultrasonic instrument (MyLab25Gold, 
Esaoth, Italy) to measure muscle thickness. Frequency modulation 
range was 6~9MHz, the gain range is 20~80, and a 7.5MHz linear 
transducer was used for ultrasonic converter. Also, the study 
measured the muscle thickness after respiration stopped at the final 
stage of exhalation, taking into account the effects of respiration on 
the muscle thickness [17]. For the measurement posture, the study 
subjects lied down straightly to measure their muscle thickness 
on rectus abdominis, which was 3cm away from the navel, and the 
converter was made horizontally. Next, external oblique, internal 
oblique, and transversus abdominis were measured by drawing a 
parallel line along the navel at 45° flexion of the hip joint and 90° 
flexion of the knee joint. The internal oblique was placed in the left 
edge on the screen of ultrasonic instrument at the point 13cm away 
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and where the line connecting the anterior superior iliac spine and 
axillary area met. In order to reduce the error in the measurement, 
the point was marked with an oil pen and measured by selecting a 
diagnosis radiologist and one doctor. The average value after a total 
of three repeated measurements was determined as the muscle 
thickness.

Statistical Analyses

Collected data were analyzed using SPSS 19.0 (SPSS Inc., 
Chicago, IL, USA). Descriptive statistics were used to compare the 
general characteristics of the participants. All data were verified 
for normality using the shapiro-wilks verification test. Repeated 
ANOVA measure was performed to examine changes over time 
and inter-group differences. As a post analysis, Scheffe’s multiple 
comparison analysis was performed. One-way ANOVA was 
performed for each inter-group if there was a significant difference 
in the comparison among groups. The statistical significance level 
was at 0.05. In order to find out the difference of each group by 
time-to-time, the differences values before and after 4 weeks and 

8 weeks of experiment were calculated. Also, the significance level 
was set at 0.025 to reduce type I error.

Results
The results of repeated measure ANOVA analysis on the external 

oblique and the internal oblique demonstrated that there was 
significant difference in time-to-time and time-group interaction 
(P<0.05) but no significant difference in inter-group changes 
(P>0.05). For the transversus abdominis, there were significant 
differences in time-to-time and time-and-group interactions and 
the inter-group interaction (P<0.05). In terms of time period, 
the external oblique had a significant difference between 8VCRG 
and 30VCRG after 4 weeks (P<0.05). The internal oblique had 
a significant difference in the 8VCRC after 8 weeks (P<0.05) and 
a significant difference in 30VCRG after 4 weeks (P<0.05). The 
transversus abdominis had a significant difference in 8VCRG after 
8 weeks (P<0.05) and in 30VCRG after 4 weeks (P<0.05), and a 
significant difference in SEG after 8 weeks (P<0.05) (Tables 2 &3).

Table 2: Comparison of trunk muscle thickness.

Pre 4weeks 8weeks Source F P

EO

8VCRG 4.79±1.66 5.18±1.48 5.67±1.31 Time 35.628 0.000*

30VCRG 4.89±1.14 5.37±1.29 5.84±1.20 TimeⅩGroup 4.775 0.002*

SEG 4.68±1.47 4.76±1.45 4.86±1.46 Group 0.682 0.512

IO

8VCRG 6.42±1.55 6.84±1.61 7.25±1.29 Time 24.652 0.000*

30VCRG 6.59±1.65 7.34±1.73 7.96±1.68 TimeⅩGroup 2.511 0.049*

SEG 6.48±1.50 6.67±1.63 6.86±1.55 Group 0.607 0.55

TrA

8VCRG 2.73±1.03 2.91±0.69 3.50±0.74 Time 60.107 0.000*

30VCRG 2.94±0.57 3.47±0.64 4.11±0.70 TimeⅩGroup 3.635 0.009*

SEG 2.64±0.69 2.86±0.49 3.14±0.38 Group 3.467 0.042*

EO, external oblique; IO, internal oblique; TrA, transverse abdominis. 8VCRG, 8Hz vibration circle-ring resistance exercise group; 
30VCRG, 30Hz vibration circle-ring resistance exercise group; SEG, stabilization exercise group. 

*P<0.05. Values are presented as mean ± standard deviation.

Table 3: Post-hoc according to interactions of time and groups in 8VCRG and 30VCRG, SEG. 

After 4weeks a t P After 8weeksb t P

EO

8VCRG 0.39±0.46 3.081 0.010* 0.88±0.71 4.438 0.001*

30VCRG 0.47±0.49 3.456 0.005* 0.94±0.65 5.241 0.000*

SEG 0.08±0.47 0.61 0.553 0.18±0.43 1.523 0.154

IO

8VCRG 0.41±1.15 1.289 0.222 0.82±0.94 3.153 0.008*

30VCRG 0.75±0.41 6.496 0.000** 1.37±0.77 6.361 0.000*

SEG 0.22±0.50 1.589 0.138 0.41±0.59 2.521 0.027

TrA

8VCRG 0.17±0.60 1.047 0.316 0.76±0.62 4.396 0.001*

30VCRG 0.52±0.26 7.15 0.000** 1.16±0.47 8.725 0.000**

SEG 0.22±0.50 1.572 0.142 0.50±0.45 3.96 0.002*

EO, external oblique; IO, internal oblique; TrA, transverse abdominis. 8VCRG, 8 Hz vibration circle-ring resistance exercise group; 
30VCRG, 30 Hz vibration circle-ring resistance exercise group; SEG, stabilization exercise group. a Difference between pre and 
4weeks. bDifference between pre and 8weeks. *P<0.025. 

**P<0.001 Values are presented as mean ± standard deviation

http://dx.doi.org/10.26717/BJSTR.2020.30.004923


Copyright@ Dong-Kyu Lee | Biomed J Sci & Tech Res | BJSTR. MS.ID.004923.

Volume 30- Issue 2 DOI: 10.26717/BJSTR.2020.30.004923

23235

Discussion
The purpose of this study is to examine the effects of vibration 

circle-ring resistance exercise on the trunk muscle thickness 
of patients with previously low back pain. The size and shape of 
muscle tissue is different between healthy people and patients 
with musculoskeletal disorder [18]. Electromyography is used 
as a method to confirm muscle activity [19], and ultrasound is 
used to confirm the shape of muscles [20]. Electromyography is 
more accurate than other equipment in evaluating muscles, but 
it is difficult and inconvenient to access [21]. On the other hand, 
ultrasound is used as a testing and evaluation tool because it is 
highly reliable and accurate for clinical therapists to slice muscle 
tissues on morphological changes in patients suspected with 
skeletal diseases [22,23].Results of measuring trunk muscle 
thickness by ultrasound showed significant differences in time-to-
time, time-group interaction, and inter-group interaction for the 
external oblique and internal oblique, while there were significant 
differences in time-to-time, time-group interaction, and inter-group 
interaction for transversus abdominis.

The application of a mechanical stimulus such as vibration 
stimulates the muscle spindle and α-execution nerve, causing tonic 
vibration reflex, which is a reflexive contraction of muscle or tendon, 
and enhancing the functions of muscles and the nervous system 
[23]. Abbasi, et al. [24] reported that the trunk muscle strength 
and endurance increased when vibration was applied to patients 
with multiple sclerosis, and that the whole-body vibration exercise 
increased the muscular strength of knee extension. Also, Wirth, et 
al. [25]reported that a group applying vibration had higher muscle 
activities in a study comparing the activity of abdominal muscle 
according to applying vibration. It is difficult to make a direct 
comparison since there is no study confirming changes in muscle 
thickness after applying vibration. However, this study showed 
similar results with preceding studies, which reported that muscle 
activity change had a high correlation with muscle thickness and 
muscle activity index can be viewed as muscle thickness index [26]. 

Vibration is transmitted to the whole body starting from 
the sole of a foot once it occurs. It is considered that thickness of 
trunk muscle increases because the contraction of trunk muscle is 
induced continuously to increase trunk stability, as the vibration 
destabilizes the support surface. The thickness change of each 
group by period demonstrated that the group using 30Hz of 
vibration had a significant difference in all muscles after 4 weeks, 
while the group applying 8Hz had a significant difference only in 
the external oblique from 4 weeks. These results are interpreted 
into the following several reasons. First, the high frequency at 
30Hz activates trunk muscles more than the low frequency of 8Hz. 
A study of effects on serratus anterior activity in five conditions 
by dividing the push-up plus exercise, vibration frequency, and 
amplitude in winging scapula patients reported that the muscle 

activities of serratus anterior increased at high frequency and high 
amplitude [27]. Esmaeilzadeh, et al. [28]divided the frequency into 
30Hz and 50Hz, measured the dynamic intensity of knee extension, 
and reported that it increased at 30Hz of frequency. At frequencies 
above 25 Hz, the exercise stimulates more exercise units through 
the muscle belly, because high vibration is easier to amplify and 
hence the increase rate of maximum acceleration at high frequency 
increases as the amplitude increases compared to low frequency 
[29,30].

Since the increased muscle activity at low frequency results in 
muscle fatigue and does not increase muscle performance, there 
is a higher increase of muscle thickness at 30 VCRG than 8 VCRG 
[31]. Second, various exercise postures showed different exercise 
effects in each area in addition to frequency and amplitude. Huang, 
et al. [32]analyzed the transmission force of knees, hip joint, and 
lumbar spine in three different types of frequencies 20Hz, 30Hz, 
and 40Hz, low and high amplitudes, as well as deep squat posture, 
high squat posture, and standing posture. He reported that the 
transmission power to the knees and hip joints decreased as 
frequency and amplitude increased [32]. Based on these results, it 
is interpreted that the thickness of trunk muscle was increased in 
the group which was applied with a high frequency and 30° flexion 
of knee joint. Third, a circle-ring resistance exercise applied to thigh 
activates the trunk muscles. This study conducted a circle-ring 
resistance exercise for flexion, extension, abduction, and adduction 
along with vibration. External resistance or movement applied 
in addition to several exercises further induces the activity of the 
trunk stabilization muscles [33], while contracting and stabilizing 
the areas around the spine and minimizing trunk movement [34]. 
Movements such as the abduction of arm act as trunk agitation, 
and the arm contracts to the opposite side of the trunk to reduce 
instability [35]. A leg movement also acts as an external fluctuation, 
and hip joint abduction adduction causes lateral flexion of the trunk 
[34,35]. Kim, et al. [36]stated that additional resistance to hip joint 
adduction during a plank exercise increases the muscle activities 
of external oblique, internal oblique, and transversus abdominis, 
because the exercise applying circle-ring on the vibrator acts as an 
external movement and induces the activity of lumbar muscles.

This study investigated the effects of the circle-ring resistance 
exercise according to vibration frequency on the thickness of trunk 
muscle in previous low back pain patients and obtained a positive 
result. However, it is somewhat difficult to make generalizations due 
to the limited age groups and the previous low back pain patients in 
a specific region. It is considered necessary to perform continuous, 
qualitative studies on patients in various age groups and regions as 
well as on the epidemiological and biochemical changes that were 
not identified before in the future. It is also hoped that the evidence 
for positive results identified in this study are applied as a lumbar 
exercise intervention for previous low back pain patients in clinical 
settings.
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