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Abstract: Low back pain (LBP) is one of the most common musculoskeletal conditions, resulting in continuous 
pain and disability. However, reliable evidence exists for only a few existing therapies for LBP. This study 
aimed to determine the efficacy of a newly designed cutting-edge massage device that uses a mechanical 
sequential ascending method. Fifteen individuals with LBP underwent mechanical sequential ascending 
massage method with thermal therapy (AM-TH), thermal therapy (TH), rotating roller massage method with 
thermal therapy (RM-TH), and clinical assessments. We analysed the participants’ biomechanical muscle 
properties, pain, satisfaction, and disability measured immediately before and after treatment. There was a 
significant decline in tone and stiffness in the upper and lower regions of the paraspinal muscles when AM-
TH was administered on three or more occasions (p < 0.05). AM-TH was more effective than RM-TH in reducing 
pain, with a significant reduction in pain over time (p < 0.05). Participants were most satisfied with RM-TH; 
over time, RM-TH was effective in improving participants’ disabilities (p < 0.05). AM-TH has been 
demonstrated to be effective in individuals with LBP, improving muscle tone and stiffness and reducing pain. 
Therefore, it may be a useful treatment for LBP. 

Keywords: low back pain; muscle properties; myoton; heat massage; spinal thermal massage device 
 

1. Introduction 

Low back pain (LBP) is the most common health problem resulting in pain and disability [1,2], 
causing substantial economic losses to society [2,3]. According to the 2010 Global Burden of Disease 
Study, LBP is among the top ten diseases and injuries accounting for the highest number of disability-
adjusted life years worldwide [4]. LBP is usually defined as pain, muscle tension, or stiffness localised 
below the costal margin and above the inferior gluteal folds, with or without leg pain, also known as 
sciatica [5]. Altered mechanical muscle properties in the lumbar myofascial region have been 
identified in individuals with chronic LBP [6,7]. A recent study reported higher quantified muscle 
tone and stiffness of the lumbar extensor myofascia and lower elasticity in older patients with chronic 
LBP [8]. These parameters may be related to pain severity, increased exercise load [9], and underlying 
pathologies and symptoms [10].  

Because severe LBP usually results in poor treatment outcomes and functional disabilities [11], 
timely LBP management is crucial. LBP is difficult to treat solely with medical interventions because 
of the complex interplay of biological, psychological, and social factors at its onset and progression. 
There are over 50 potential therapies with the promise to relieve pain [12,13], lessen suffering, and 
offer a cure for LBP. However, reliable evidence exists for only a few of these therapies [13]. Soft 
tissue massage is thought to improve physiological and clinical outcomes by providing symptomatic 
pain relief through physical and mental relaxation and by increasing the pain threshold via the 
release of endorphins [12,14]. The Gate Control Theory predicts that massaging a specific area 
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stimulates large-diameter nerve fibres that have an inhibitory input to T cells. Reduced T cell activity 
(and conversely, excitatory input from small-diameter nerve [nociceptive] fibres) results in pain relief 
[15]. Moreover, massage therapy may promote sympathetic responses in the autonomic nervous 
system [16]. Massage is similar or superior in efficacy to other conservative therapies such as 
exercises, mobilisation, relaxation, physical therapy, acupuncture, and self-care education [12]. A 
systematic review found that massage for nonspecific low back pain was more effective than a 
placebo and some active treatments (e.g., relaxation), especially in the short term [17]. Another meta-
analytic review study found that massage for subacute and chronic LBP was more effective than 
inactive controls for pain and function in the short term but not in the long term; however, when 
compared to active controls, massage was a better treatment for pain, both in the short- and long-
term follow-up, with no differences in terms of function [18]. However, manual massage can have 
inconsistent therapeutic effects depending on the skill of the practitioner and the amount of pressure 
applied and can be unreliable in terms of reproducibility. Furthermore, most of the effects of massage 
on LBP have been measured using subjective instruments such as pain and disability questionnaires; 
therefore, quantitative variables have not been used to elucidate the effects and mechanisms of 
massage [17,18].  

Mechanical massage devices are often used to compensate for the limitations of manual 
massage. A systematic review showed that massage using both hands and a mechanical device was 
beneficial for patients with subacute and chronic nonspecific LBP, especially when combined with 
exercise and education [19]. A technique frequently employed in mechanical massage devices is the 
rotating roller massage method with thermal therapy (RM-TH), which employs a massage roller that 
rotates and passes over the body. This massage technique, combined with heat, has been reported to 
be effective in reducing pain in patients with LBP [20,21]. A recent study indicated that both 
conventional physiotherapy and RM-TH decreased pain, disability, and electromyography levels, 
and that the RM-TH exhibited a greater increase in maximal voluntary isometric contraction than did 
the physiotherapy group [20]. Another study using a rolling chair apparatus revealed that a massage 
device had a significant effect on pain, satisfaction, and quality of life; however, conventional 
physiotherapy was more effective in alleviating pain and improving quality of life [21]. Although 
RM-TH is a straightforward and prevalent technique employed in massage devices for LBP, manual 
therapy may be a more precise method for stimulating specific muscles. In addition, it is noteworthy 
that roller massage devices may cause discomfort and potential injury owing to the physical friction 
of the rollers. A supplementary methodology was recently developed to address the limitations of 
RM-TH. The mechanical sequential ascending massage method with thermal therapy (AM-TH) 
provides localised vertical upward pressure that is adjustable in height. The location of the 
stimulation can be adjusted to coincide with the location of nerve impulses in the cervical, thoracic, 
lumbar, and coccygeal spine. Consequently, the AM-TH device incorporates a mechanism designed 
to reduce pain by applying sequential and selective vertically ascending pressures to specific areas 
of each spinal region. It is expected that AM-TH will result in a reduction in pain via the application 
of precise acupressure at a more targeted spinal level; moreover, it is expected to improve the 
discomfort associated with friction against the body that has been observed in RM-TH.  

Therefore, this study aimed to investigate the efficacy of AM-TH therapy in alleviating pain in 
patients with LBP. It is hypothesised that AM-TH will be effective in improving biomechanical 
muscle properties, pain, disability, and satisfaction in patients with LBP. Besides, it has been 
postulated that AM-TH is more effective than RM-TH or thermal therapy in improving 
biomechanical muscle properties, pain, quality of life, and satisfaction. 

2. Materials and Methods 

2.1. Design 

This was a single-centre, double-blind, sequential experimental group versus an active control 
group study involving 15 participants. All participants underwent three different interventions: AM-
TH, thermal therapy (TH), and RM-TH. Each participant had a 2-week washout period before being 
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assigned to the next intervention (Figure 1). Neither the participants nor the assessors were aware of 
the distinction between the experimental and control groups. 

 

Figure 1. Flow chart of this study. AM-TH, mechanical sequential ascending massage method with 
thermal therapy; TH, thermal therapy; RM-TH, rotating roller massage method with thermal therapy. 

2.2. Participants 

Fifteen individuals with LBP were recruited from the outpatient clinics at Kyungpook National 
University Hospital to voluntarily participate in the study. All potential participants were provided 
with an information sheet and were asked questions regarding the study. Afterwards, a member of 
the research team conducted screening to confirm eligibility. The inclusion criteria were as follows: 
(1) age over 20 years; (2) persistent pain in the lumbar or lumbosacral region (between the T12 
vertebrae and gluteal fold) without radiation to the legs for at least 6 weeks prior to enrolment; (3) 
ability to express pain and discomfort; and (4) no intervention for at least 4 weeks prior to enrolment. 
The exclusion criteria were as follows: (1) scoliosis; (2) history of fracture or surgery in the pelvic or 
spinal regions; (3) history of neurological conditions; (4) pregnancy; (5) presence of medical 
conditions other than chronic LBP; and (6) presence of a wound in the lumbar spine region at the 
time of data collection. The experimental protocol was approved by the Ethical Review Board of 
Kyungpook National University Hospital (Institutional Review Board number: 2022-04-026), and all 
participants provided written informed consent before participation. The study complied with the 
principles of the Declaration of Helsinki. 

2.3. Biomechanical Properties Measurements of Low Back Muscles  

A handheld myotonometer (MyotonPRO®, Estonia) was used to quantify biomechanical 
properties of the bilateral lumbar paraspinal muscles. Measurements were performed while the 
participants were lying prone on the assessment couch. Participants were asked to place their hands 
beside their heads and lie comfortably to achieve full relaxation. The test sites were marked as 
extensor muscle bulk prominences at the same level as each lumbar spinous process [7]. The 
participants were asked to hold their breath for 5 s at the end of inspiration to minimise confounding 
factors resulting from changes in intra-abdominal pressure during natural respiratory cycles. The 
myotonometer testing probe was placed vertically on the skin surface on the belly of each tested 
muscle. First, the probe was loaded by pushing it against the skin surface to the required depth. Once 
the required depth was reached (indicated by a change in the indicator light from red to green), the 
device applied three short impulses (1 s apart) to induce damped oscillations within the muscle bulk. 
The oscillation pattern recorded by the transducer was used to calculate biomechanical muscle 
properties. The following biomechanical properties including muscle tone, stiffness, and elasticity at 
the bilateral L1 to L5 levels were recorded: muscle tone in upper left region (TUL), muscle tone in 
lower left region (TLL), muscle tone in upper right region (TUR), muscle tone in lower right region 
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(TLR), muscle stiffness in upper left region (SUL), muscle stiffness in lower left region (SLL), muscle 
stiffness in upper right region (SUR), muscle stiffness in lower right region (SLR), muscle elasticity in 
upper left region (EUL), muscle elasticity in lower left region (ELL), muscle elasticity in upper right 
region (EUR), and muscle elasticity in lower right region (ELR). Muscle tone is defined as the degree 
of muscle tone when skeletal muscle is relaxed. Muscle contraction is the most significant and direct 
factor that affects muscle tone is muscle contraction [22]. The damped oscillation frequency (Hz) 
represents the muscle tone at rest; the higher the damped oscillation frequency, the higher the muscle 
tone [23–25]. Stiffness (N/m) refers to the ability of the muscles to resist contraction or external 
pressure and maintain their original shape [25]. The higher the dynamic stiffness, the harder the 
muscle [23,25]. Elasticity is an indicator of the ability of muscles to return to their original state after 
being squeezed or contracted [26]. The logarithmic decrement of the natural damped oscillation was 
measured to determine muscle elasticity. It is expressed only in numerical values and has no units 
[24,25]. The lower the logarithmic decrement, the smaller is the dissipation of mechanical energy and 
the greater is the elasticity. All muscle properties were measured before and after each intervention. 
The assessor received 3 h of training from a senior research physiotherapist with extensive experience 
in device operation. 

2.4. Clinical Assessments 

We measured pain and satisfaction immediately after each of the four treatment sessions for 
each device for a total of 12 sessions. In addition, we measured disability three times for each device 
(a total of nine times): before treatment, after four treatment sessions, and at follow-up. The 
COLDSPA was used to assess the participants' overall pain. The COLDSPA is a comprehensive 
mnemonic tool used for assessing the character, onset, location, duration, severity, pattern, and 
associated patterns of pain [27]. Furthermore, the COLDSPA can be used to better understand how 
patients experience pain. A satisfaction survey was conducted immediately following each 
intervention. The survey consisted of the following seven items rated on a five-point scale: (1) overall 
satisfaction, (2) number of times, (3) time, (4) ease of use, (5) comfort, (6) heat level, and (7) pressure 
level. Disability was assessed using the Oswestry Disability Index (ODI) to understand how 
participants’ pain and daily activities were affected. The ODI is one of the most commonly used 
measures of disability in individuals with LBP [28]. It is a self-administered questionnaire that 
requires 5 min to complete and 1 min to score. These scores are associated with the degree of 
disability, which may range from minimal to bedbound. 

2.5. Interventions 

First, the participants received AM-TH with a thermal massage bed (3H-820 HP, 3H, South 
Korea). The AM-TH device employs a sequential mechanical ascending method that utilises ceramic 
upward and downward components. (Figure 2). The bed comprised a heating wire, a heating plate, 
and individualised acupressure rods. The application of massage pressure from this device in both 
horizontal and vertical directions can be targeted to specific vertebrae, with each vertebra receiving 
localised and sequential treatment.  
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Figure 2. Three distinct forms of therapy were applied. AM-TH, mechanical sequential ascending 
massage method with thermal therapy; TH, thermal therapy; RM-TH, rotating roller massage method 
with thermal therapy. 

After a 2-week wash-out period, the participants received a second TH treatment using BioMat 
(BioMat, Richway, USA). BioMat is a natural heating pad that can be placed on a bed or table. It 
delivers soothing and deep-penetrating heat while stimulating the regeneration of damaged cells in 
the body. The temperature of the mat was maintained at a comfortable level for each participant, with 
a range of 45 to 50 °C. 

After a 2-week wash-out period, the participants received a third RM-TH using a thermal 
massage device (CGM MB-1401; Ceragem, Seoul, South Korea). The massage bed was covered with 
tough synthetic fabric, and a massage roller (projector) moved beneath the fabric. The intervention 
was performed in the eighth mode (which provides acupressure, moxibustion, and rubbing along 
the spine). After the participant laid in the supine position on the device, a rolling projector protruded 
against the posterior aspect of the spinal column to scan its curvature along the sagittal plane from 
the cervical spine to the sacrum. These rollers applied heat and massage, while automatically 
adjusting the height of the protrusion, with reference to the curvature of the entire spine.  

 All interventions were conducted in a quiet environment with lights turned off. The 
participants received treatment for 40 min per session, once daily, for a total of four sessions per 
device. A 2-week wash-out period was allowed after the end of the use of one device before a second 
device was used. 

2.6. Sample Size Analysis 

The sample size was calculated as described in a previous study that identified immediate effects 
of massage instrument associated with low back pain [29]. The calculation was based on the paired 
t-test value for within-group comparisons of disability assessed by ODI, which was performed using 
an acceptable level of significance of 0.05 at 95% power. The total sample size was nine for each group 
(expected effect size: 1.266; actual power: 0.964). Therefore, a total of 15 participants were recruited 
for the study, considering the power of analysis, variables, and a 40% adjustment for dropout rates 
during study conduct and missing values during analysis. The G∗ Power 3.1.9.2 program was used 
in this study. 

2.7. Statistical Analysis 

All statistical analyses were performed using SPSS software (version 22.0; IBM, Armonk, NY, 
USA). Descriptive statistics were used to calculate the mean and standard deviation of all the related 
data. The normal distribution of the baseline data was evaluated using the Kolmogorov–Smirnov and 
Shapiro–Wilk tests. The Wilcoxon signed-rank test was used to assess differences between time 
points within groups. The Mann–Whitney U test was employed to compare the pre- and post-
difference ratio in muscle properties between treatments across different devices. The impact of time 
on pain, satisfaction, and disability was analysed using Friedman's one-way repeated-measures 
analysis of variance (ANOVA), a nonparametric test of repeated measures. Post-hoc analysis was 
conducted to assess the differences between time points within the groups using the Wilcoxon 
signed-rank test. The Mann–Whitney U test was used to analyse the differences between treatments 
for these three variables. All statistical significance levels were set at p < 0.05. 

3. Results 

3.1. Participants 

Fifteen participants with LBP were enrolled in this study. The mean age of the cohort was 36.8 
years old (six males and eight females). All the participants completed the experimental protocol. 
Numerical pain rating scale was 3–9 (mean 7.0 ± 1.6). The mean onset was 4.5 years and 20% of the 
participants had continuous pain (Table 1). 
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Table 1. Basic characteristics (N=15). 

Variables  N % 
Basic Information   
Age (Mean ± SD) 36.8 ± 14.9 - 

Sex Male 6 40.0 
Female 8 60.0 

Dominant side All right - 

Spouse 
Yes 7 46.7 
No 8 53.3 

Educational 
background 

Elementary school 0 0 
Middle school 0 0 
High school 6 40.0 

University school 7 46.7 
Graduate school 2 13.3 

Clinical information   
Number pain rating scale 7.0 ± 1.6 - 

Pain onset (years) 4.5 ± 5.7 - 
Pain location (Waist/Back/Legs) 15/3/3 - 

Pain duration (Continuous/intermittent) 3/12 20.0/80.0 

3.2. Comparison of Muscle Properties before and after Treatments 

The specific values of the lower back muscle properties before and after treatment are presented 
in Table 2 and Figure 3. Participants who received AM-TH exhibited a consistent decline in muscle 
tone from the pre- to post-treatment period, accompanied by a significant decrease in TUL in the 
fourth session, TUR in the fourth session, TLL in the first session, and TLR in the third and fourth 
sessions (p < 0.05). Those who received TH indicated that muscle tone appeared to increase or remain 
stable following treatment, compared with the state before treatment, accompanied by a significant 
increase in TUR in the second session (p < 0.05).  

Table 2. Comparison of the changes in low back muscle properties. 

Varia
bles 

Grou
p 

First Second Third Fourth 
Pre Post Pre Post Pre Post Pre Post 

TUL 

AM-
TH 

15.8 ± 1.8 15.6 ± 1.7 15.8 ± 1.5 15.5 ± 1.6 15.9 ± 1.2 15.1 ± 1.2* 16.0 ± 1.64 15.5 ± 1.05* 

TH 15.3 ± 2.3 15.9 ± 2.0 15.8 ± 1.8 15.8 ± 1.9 15.4 ± 1.7 15.3 ± 1.2 15.4 ± 2.2 15.5 ± 2.7 
RM-
TH 

15.0 ± 2.8 14.6 ± 1.8 14.8 ± 2.0 14.7 ± 1.7 14.9 ± 2.1 14.9 ± 1.8 15.1 ± 2.3 14.6 ± 1.7 

TLL 

AM-
TH 

15.9 ± 2.4 14.5 ± 1.6* 14.1 ± 1.8 13.9 ± 2.0 14.5 ± 1.4 14.2 ± 1.4 14.3 ± 2.0 14.1 ± 1.6 

TH 13.8 ± 2.0 14.1 ± 2.1 14.6 ± 1.6 14.5 ± 2.2 13.8 ± 2.0 13.6 ± 1.2 14.4 ± 2.6 14.2 ± 3.1 
RM-
TH 

14.6 ± 2.8 13.8 ± 2.0 14.5 ± 2.0 14.0 ± 2.2 14.4 ± 2.4 14.4 ± 2.1 14.6 ± 2.8 14.1 ± 2.7 

TUR 

AM-
TH 

15.5 ± 1.5 15.4 ± 1.8 15.4 ± 1.5 15.2 ± 1.3 15.9 ± 1.6 15.4 ± 1.4 15.8 ± 1.2 15.9 ± 1.0* 

TH 14.9 ± 1.6 14.7 ± 3.2 14.8 ± 1.5 15.4 ± 1.1* 15.1 ± 1.2 15.3 ± 1.5 14.7 ± 1.7 15.3 ± 2.4 
RM-
TH 

13.7 ± 1.8 13.8 ± 1.6 13.6 ± 1.7 14.0 ± 1.3 14.3 ± 2.0 13.8 ± 2.3 13.5 ± 2.3 13.4 ± 1.4 

TLR 

AM-
TH 

14.4 ± 1.6 14.1 ± 1.7 14.1 ± 2.1 14.1 ± 2.2 14.5 ± 1.5 13.9 ± 1.2* 14.2 ± 1.9 13.3 ± 1.0* 

TH 13.7 ± 1.6 13.8 ± 1.9 13.8 ± 1.4 13.8 ± 1.2 13.7 ± 1.4 13.9 ± 2.0 13.7 ± 1.7 13.9 ± 2.6 
RM-
TH 

13.2 ± 1.6 12.9 ± 1.6 13.2 ± 1.8 13.3 ± 2.4 13.6 ± 1.8 13.1 ± 1.6 12.9 ± 1.6 12.8 ± 1.5 
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SUL 

AM-
TH 

283.6 ± 
56.9 

278.6 ± 53.6 
291.8 ± 

42.5 
288.1 ± 

48.7 
292.6 ± 31.2 

274 2 ± 
34.1* 

300.1 ± 47.7 
295.0 ± 
33.9* 

TH 
276.5 ± 

76.2 
303.7 ± 
59.2* 

292.8 ± 
61.66 

301.2 ± 
56.4 

296.8 ± 68.9 301.4 ± 53.4 294.5 ± 69.2 295.8 ± 82.1 

RM-
TH 

289.7 ± 
99.5 

267.8 ± 71.6 
280.0 ± 

80.7 
289.6 ± 

65.8 
288.6 ± 67.6 274.4 ± 47.9 282.4 ± 72.2 280.8 ± 68.2 

SLL 

AM-
TH 

270.5 ± 
79.4 

257.7 ± 56.2 
249.2 ± 

73.7 
250.1 ± 

75.8 
256.6 ± 45.2 251.9 ± 45.8 250.5 ± 68.8 250.4 ± 64.9 

TH 
228.9 ± 

79.9 
240.1 ± 71.8 

272.8 ± 
58.6 

271.8 ± 
71.3 

253.8 ± 87.3 250.7 ± 66.8 263.5 ± 87.8 
263.6 ± 
101.0 

RM-
TH 

279.6 ± 
105.6 

261.4 ± 79.0 
269.2 ± 

81.8 
256.0 ± 

75.9 
272.6 ± 79.6 269.8 ± 62.4 255.4 ± 92.0 258.6 ± 89.3 

SUR 

AM-
TH 

282.5 ± 
48.9 

281.0 ± 60.4 
278.0 ± 

42.8 
272.6 ± 

37.2 
296.4 ± 50.6 

278.0 ± 
54.4* 

291.3 ± 38.1 274.6 ± 32.7 

TH 
269.4 ± 

58.7 
284.0 ± 52.8 

276.7 ± 
55.9 

294.4 ± 
49.5* 

282.6 ± 49.3 
298.5 ± 
60.6* 

273.4 ± 1.7 
293.6 ± 
105.1 

RM-
TH 

252.4 ± 
69.4 

251.4 ± 62.3 
252.4 ± 

71.3 
261.5 ± 

57.5 
273.0 ± 83.8 250.0 ± 80.6 236.5 ± 77.0 246.0 ± 71.2 

SLR 

AM-
TH 

258.4 ± 
55.4 

253.6 ± 65.8 
243.2 ± 

77.8 
249.5 ± 

82.2 
257.6 ± 51.2 

246.0 ± 
53.1* 

251.5 ± 71.7 228.4 ± 41.1 

TH 
248.2 ± 

88.1 
255.8 ± 92.1 

259.0 ± 
75.2 

262.6 ± 
77.5 

253.2 ± 70.1 
265.2 ± 
77.5* 

255.4 ± 83.9 
261.3 ± 
106.1 

RM-
TH 

233.0 ± 
88.4 

226.3 ± 80.0 
235.0 ± 

78.7 
242.7 ± 

96.2 
242.5 ± 84.6 230.2 ± 71.1 219.0 ± 1.6 225.4 ± 63.6 

EUL 

AM-
TH 

1.1 ± 0.2 1.0 ± 0.2 1.1 ± 0.2 1.1 ± 0.1 1.1 ± 0.3 1.1 ± 0.2 1.2 ± 0.3 1.1 ± 0.3 

TH 1.1 ± 0.3 1.2 ± 0.2 1.2 ± 0.2 1.2 ± 0.3 1.2 ± 0.2 1.2 ± 0.2 1.3 ± 0.3 1.2 ± 0.3* 
RM-
TH 

1.4 ± 0.3 1.4 ± 0.3 1.4 ± 1.7 1.6 ± 0.7 1.5 ± 0.3 1.3 ± 0.3* 1.4 ± 0.3 1.4 ± 0.3 

ELL 

AM-
TH 

1.1 ± 0.2 1.1 ± 0.2 1.1 ± 0.3 1.1 ± 0.3 1.1 ± 0.2 1.1 ± 0.2 1.1 ± 0.2 1.1 ± 0.2 

TH 1.1 ± 0.2 1.1 ± 0.2 1.2 ± 0.2 1.2 ± 0.2 1.2 ± 0.3 1.2 ± 0.3 1.3 ± 0.3 1.3 ± 0.3 
RM-
TH 

1.4 ± 0.3 1.5 ± 0.4* 1.5 ± 0.4 1.5 ± 0.4 1.6 ± 0.4 1.5 ± 0.3 1.5 ± 0.4 1.4 ± 0.3 

EUR 

AM-
TH 

1.1 ± 0.1 1.0 ± 0.1* 1.0 ± 0.2 1.0 ± 0.2 1.1 ± 0.2 1.1 ± 0.2 1.1 ± 0.2 1.0 ± 0.1 

TH 1.1 ± 0.2 1.1 ± 0.2 1.1 ± 0.3 1.2 ± 0.3* 1.1 ± 0.2 1.2 ± 0.2 1.2 ± 0.2 1.2 ± 0.3 
RM-
TH 

1.2 ± 0.2 1.3 ± 0.2 2.0 ± 3.1 1.3 ± 0.2 1.3 ± 2.3 1.3 ± 0.2 1.4 ± 0.8 1.3 ± 0.3 

ELR 

AM-
TH 

1.0 ± 0.1 1.1 ± 0.3 1.1 ± 0.3 1.1 ± 0.3 1.0 ± 0.1 1.1 ± 0.2 1.1 ± 0.2 1.0 ± 0.2 

TH 1.2 ± 0.5 1.2 ± 0.3 1.1 ± 0.3 1.2 ± 0.4 1.2 ± 0.2 1.2 ± 0.3 1.2 ± 0.3 1.2 ± 0.3 
RM-
TH 

1.2 ± 0.2 1.3 ± 0.2* 1.2 ± 0.2 1.3 ± 0.3 1.2 ± 0.2 1.2 ± 0.2 1.2 ± 0.3 1.3 ± 0.3* 

*p < 0.05, Wilcoxon signed-rank test; †p < 0.05, Friedman ANOVA test. TUL, muscle tone in upper left region; 
TLL, muscle tone in lower left region; TUR, muscle tone in upper right region; TLR, muscle tone in lower right 
region; SUL, muscle stiffness in upper left region; SLL, muscle stiffness in lower left region; SUR, muscle stiffness 
in upper right region; SLR, muscle stiffness in lower right region; EUL, muscle elasticity in upper left region; 
ELL, muscle elasticity in lower left region; EUR, muscle elasticity in upper right region; ELR, muscle elasticity 
in lower right region; AM-TH, mechanical sequential ascending massage method with thermal therapy; TH, 
thermal therapy; RM-TH, rotating roller massage method with thermal therapy. 
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          (C) 

Figure 3. Biomechanical properties, including muscle tone, stiffness and elasticity at the bilateral L1 
to L5 levels (A: muscle tone; B: muscle stiffness; C: muscle elasticity). AM-TH, mechanical sequential 
ascending massage method with thermal therapy; TH, thermal therapy; RM-TH, rotating roller 
massage method with thermal therapy. 

Participants who underwent RM-TH exhibited a general trend towards a decrease in muscle 
tone after treatment, compared with the state before treatment, although the difference was not 
statistically significant. 

Those who underwent AM-TH exhibited a tendency to have decreased muscle stiffness after 
treatment, compared to the state before treatment, accompanied by a significant decrease in SUL in 
the third and fourth sessions, SUR in the third session, and SLR in the third session (p < 0.05). 
Participants who received TH indicated that muscle stiffness appeared to increase following 
treatment, compared to the state before the session, accompanied by a significant increase in SUL in 
the first session, SUR in the second and third sessions, and SLR in the third session (p < 0.05). Patients 
who underwent RM-TH demonstrated a general reduction in muscle stiffness in the pre- and post-
session comparisons; however, there were cases of increases. 

The interpretation of muscle elasticity was based on the assumption that a smaller logarithmic 
decrement value presented in the table and graph would indicate greater elasticity [24,25]. 
Participants who underwent AM-TH exhibited a tendency for increased muscle elasticity after 
treatment, which was accompanied by a significant increase in EUR in the first session (p < 0.05). 
Conversely, muscle elasticity tended to decrease in ELR. In the pre- and post-treatment comparisons, 
participants who received TH demonstrated a tendency for muscle elasticity to remain at similar 
levels or decrease, accompanied by a significant decrease in the EUR in second session (p < 0.05). The 
results indicated that participants who underwent RM-TH exhibited increased muscle elasticity, 
although there was a tendency for muscle elasticity to decrease. In the RM-TH group, there was a 
significant increase in EUL in the third session and a significant decrease in ELL in the first session 
and in the ELR in the first session (p < 0.05). 
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3.3. Comparison of Muscle Properties Difference Ratio by Treatment 

The comparison of muscle property difference ratios showed that the TLL, SUL, SLL, and EUR 
in the first session, TUR and SUR in the second session, TUR, TLR, SUR, and SLR in the third session, 
and TUR and SUR in the fourth session were significantly different between AM-TH and TH. 
Furthermore, a comparison of AM-TH and RM-TH revealed that the EUR in the first session, EUL in 
the third session, and ELR of fourth session exhibited statistically significant differences. In addition, 
a comparison in TH and RM-TH indicated that the SUL in the first session, SUR and EUL in the 
second session, and the ELR in fourth session exhibited statistically significant differences. 

3.4. Comparison of Pain, Satisfaction, and Disability 

Table 3 shows the results of the Friedman’s repeated-measures ANOVA. Following four 
treatment sessions, participants in the AM-TH group exhibited a 22.1% decrease in pain (p = 0.050). 
Overall reduction in pain was 15.8% (p = 0.225) in the TH group and 0% (p = 0.615) in the RM-TH 
group, with no significant differences. In addition, patients who underwent RM-TH had significantly 
less pain in the first session than did patients who underwent AM-TH. Following four treatment 
sessions, participants who underwent AM-TH exhibited a 6.1% increase in satisfaction (p = 0.096). 
Furthermore, TH showed a 9.2% increase (p = 0.015) and RM-TH showed a 5.1% increase (p = 0.099) 
in satisfaction. Patients who underwent RM-TH were significantly more satisfied than were patients 
who underwent AM-TH in the first (p = 0.023) and second sessions (p = 0.037), and patients who 
underwent RM-TH were significantly more satisfied than were patients who underwent TH in the 
first (p = 0.019), second (p = 0.016) and fourth sessions (p = 0.041). Participants who underwent AM-
TH exhibited a 28.3% improvement in disability (p = 0.099). In addition, patients who underwent TH 
exhibited a 22.9% improvement (p = 0.517) and those who underwent RM-TH showed 32.0% 
improvement (p < 0.001) in disability. There was no significant difference in the improvement in 
disability between the devices. 

Table 3. Comparison of pain, satisfaction, and quality of life. 

Variables Grou
p 

Pre First Second Third Fourth Post Follow-
up 

Percentage 
of 

improveme
nt 

Friedman
’s p 

Pain 

AM-
TH 

 4.1 ± 
1.2 

3.4 ± 
1.1 

3.1 ± 
1.5 

3.2 ± 
1.1 

  22.1 0.050 

TH  3.2 ± 
1.3 

3.2 ± 
1.4 

2.8 ± 
1.6 

2.7 ± 
1.6 

  15.8 0.225 

RM-
TH 

 2.8 ± 
1.1 

2.8 ± 
1.2 

2.9 ± 
1.3 

2.8 ± 
1.3 

  0 0.615 

Satisfacti
on 

AM-
TH 

 28.2 ± 
2.9 

26.1 ± 
7.9 

28.9 ± 
3.6 

29.9 ± 
4.2 

  6.1 0.096 

TH  26.1 ± 
5.1 

27.7 ± 
2.9 

26.9 ± 
8.2 

28.5 ± 
4.2 

  9.2 0.015 

RM-
TH 

 30.2 ± 
5.5 

31.4 ± 
3.5 

31.2 ± 
3.5 

31.8 ± 
3.3 

  5.1 0.099 

Disability 

AM-
TH 

6.1 ± 
2.4 

    5.1 ± 
3.2 

4.4 ± 
2.9 

28.3 0.099 

TH 
4.7 ± 
3.4 

    3.8 ± 
2.5 

3.6 ± 
2.4 22.9 0.517 

RM-
TH 

5.0 ± 
3.5     

3.3 ± 
3.3 

3.4 ± 
3.4 32.0 < 0.001 

p values are from the Friedman's ANOVA test. AM-TH, mechanical sequential ascending massage method with 
thermal therapy; TH, thermal therapy; RM-TH, rotating roller massage method with thermal therapy. 
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4. Discussion 

The findings of this study revealed a significant decline in muscle tone and stiffness in the upper 
and lower regions of the paraspinal muscles when AM-TH was administered on three or more 
occasions (p < 0.05). Furthermore, there was a significant increase in the elasticity of the upper and 
lower regions of the paraspinal muscles after AM-TH and RM-TH administration (p < 0.05), followed 
by a decrease after treatment. AM-TH was more effective than RM-TH in reducing pain in our study 
participants, with a significant reduction in pain over time (p < 0.05). Participants were most satisfied 
with RM-TH, and over time, RM-TH was effective in improving their disabilities (p < 0.05).  

We investigated the effectiveness of three different thermal massage devices in improving lower 
back muscle properties, pain, and disability in patients with LBP. We specifically aimed to examine 
the immediate effects of a recently developed massage device that utilises a novel mechanical 
sequential ascending method on biomechanical muscle properties associated with pain. The findings 
of the study can be interpreted in three ways. The first is the immediate effects of lower back muscle 
properties following thermal massage device treatment and their association with pain. The relatively 
high prevalence of chronic LBP and persistent symptoms (4.2–25.4%) [30] may be related to changes 
in structural and neuromuscular properties. A transition from type I to type II muscle fibres of the 
back muscle has been observed in individuals with LBP [31]. Given that type II fibres are less fatigue-
resistant, it is possible that these muscles may exhibit higher levels of fatigue throughout daily 
activities. Consequently, type II fibre fatigue in individuals with LBP may result in increased muscle 
stiffness. A recent meta-analysis review demonstrated that individuals with LBP have higher stiffness 
of the multifidus and erector spinae at rest than do asymptomatic controls [32]. In patients with 
chronic LBP, muscle tone and stiffness were greater than that in healthy people of the same age [7,33]. 
Moreover, the elasticity of the bilateral lumbar extensor myofascia was lower than that of healthy 
controls [8]. In the present study, TH did not result in an immediate improvement in muscle 
properties; however, the massage device with TH was effective. In particular, the AM-TH group 
demonstrated a significant reduction in immediate muscle tone and stiffness when the intervention 
was applied three or more times (p < 0.05). Furthermore, there was a significant increase in the 
elasticity of the upper regions of the paraspinal muscles after AM-TH administration (p < 0.05). This 
indicates that the thermal massage device, which precisely stimulates the appropriate back muscles 
at different spinal levels, has a significant effect on the structural changes in back muscle properties. 
Furthermore, AM-TH, which significantly reduced muscle tone and stiffness, significantly reduced 
pain over time (p = 0.050). It is unclear whether this reduction in muscle tone and stiffness is the result 
of an improvement in pain or vice versa. Nevertheless, these results indicate a potential possibility 
for considering muscle properties in the management of low back pain. 

Second, pain relief and functional improvement were achieved over time with the use of a 
massage device. This study employed a device that integrated thermal therapy and spinal massage 
with thermal therapy for LBP management. Thermal therapy is usually used to enhance blood 
circulation and oxygenation of damaged tissues, thereby reducing chronic joint and muscle pain. A 
review demonstrated that continuous, low-level heat therapy provides pain relief, improves 
muscular strength, and increases flexibility [34]. These heat modalities act at different depths with 
the collective action of reducing muscle tone, increasing blood flow, and relieving pain [35]. 
However, TH did not improve muscle properties in this study. Moreover, TH and RM-TH resulted 
in a gradual, but insignificant, reduction in pain. This may be related to the insufficient number of 
interventions or the order in which the interventions were administered. Pain levels progressively 
decreased from the first to the third intervention. In a previous study, 31 participants with LBP were 
treated with a thermal massage program using the massage rolling technique for 40 min, five times 
a week for 2 months; this treatment improved pain, disability index, and quality of life [36]. Although 
the results of this study cannot definitively elucidate the effect of the intervention on pain relief, AM-
TH delivered via a thermospinal massage device may be effective in reducing pain. Patients with 
Parkinson's disease and chronic pain who received 10 sessions of acupressure thermal bed therapy 
showed a significant reduction in pain immediately after treatment and at follow-up, as well as 
significant improvements in balance, gait speed, and walking endurance [37]. In the present study, 
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the immediate improvements in muscle properties and pain associated with the AM-TH suggest that 
further interventions over a longer period may lead to improvements in functional outcomes and 
quality of life in individuals with LBP. 

Third, satisfaction and functional improvement of the participants who used the massage device 
were assessed. The level of acupressure provided by AM-TH was determined to be more intense than 
that provided by other devices, with participants often reporting that it was painful. The assessment 
in the first session revealed that the AM-TH group exhibited considerably higher levels of pain and 
discomfort than did the RM-TH group. Nevertheless, some participants, such as athletic men, were 
content with the intensity of the AM-TH intervention. Additionally, the intensity of AM-TH may not 
have been particularly gentle initially; however, after the participants adjusted, it was more effective 
in reducing pain, and they felt more satisfied. It is well documented that thermal therapy represents 
a preferred and effective intervention for patients with LBP. This study found a significant increase 
in satisfaction over time after the use of TH. However, when compared to other devices that combine 
heat and massage, satisfaction with TH was lower. This indicates that user satisfaction may be 
contingent on specific treatment options, including the quantity and intensity of stimulation. RM-TH 
demonstrated the highest levels of posttreatment satisfaction, potentially owing to its user-
friendliness. Interestingly, AM-TH was more effective in reducing pain, whereas RM-TH was more 
effective in reducing disability and improving patient satisfaction. These findings indicate that 
psychological factors such as satisfaction with the user's familiarity with the machine may influence 
functional improvement. 

4.1. Limitations 

This study had some limitations. First, the sample size was relatively small. Second, the four 
intervention sessions were too short to deliver full benefits of the massage device. Third, the order of 
application of the massage bed intervention was the same for all participants because of the lack of 
randomisation. Therefore, although there was a sufficient washout period, the possibility of residual 
effects of the previous treatment cannot be completely excluded, and a pure comparison of the 
experimental and control interventions cannot be expected. Therefore, a randomised controlled trial 
with a larger sample size is required in the future. 

5. Conclusions 

AM-TH, a newly designed cutting-edge massage device with a mechanical sequential ascending 
method, has been demonstrated to be effective in individuals with LBP, improving muscle tone and 
stiffness and reducing pain. Therefore, it may be employed as a treatment modality for LBP. The 
assessment of back muscle properties may present an opportunity to gain further insights into the 
changes in trunk mechanical properties associated with LBP and inform the development of more 
effective rehabilitation strategies. Furthermore, in future LBP management, it is important to consider 
the heterogeneous nature of LBP and the influence of psychological factors such as satisfaction. 
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