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Abstract

Thermal and massage therapies have long been used to control pain. Although spinal
thermal massage (STM) has been used worldwide, its effectiveness has not been proven
in a controlled clinical study. We here conducted a non-randomized controlled trial to
assess the pain-relieving and immunomodulatory effects of STM in old-aged patients
experiencing pain or disability. The experimental group was treated with STM five times
a week for 8 weeks and rehabilitative regular care (RRC). The control group was treated
with only RRC. Pain and immunological parameters were tested before treatment and
after 4 and 8 weeks of treatment. The scores of three pain parameters were lowered by
STM, and the differences between the groups were statistically significant at the two time
points (p < 0.01). Quality of life determined using the 3-level EuroQol five-dimensional
questionnaire scores was significantly higher in patients in the experimental group than
those in the control group. Effect sizes (ES) were in the range of medium to large in
the pain-related measures (0.54—1.22). The total leukocyte counts and the proportions of
lymphocytes and subsets were not significantly different between the groups, whereas the
proportions of monocytes and natural killer (NK) cells were higher in the experimental
group than in the control group after 8 weeks (p < 0.05). The production of interleukin
(IL)-4 and interferon v in T cells was not significantly different between the groups,
whereas the production of IL-2 was high in the control group. However, there was a
significant increase in IFN-vy production by NK cells in the experimental group (at 4
weeks, p < 0.05). ES were medium in the immunological measures (0.53—0.68). No
significant difference was observed in the production of proinflammatory cytokines, IL-
13, tumor necrosis factor «, or IL-6 between the groups. In conclusion, STM treatment
has a positive effect on subjective pain and quality of life. It also enhanced NK cell
proportion and activity, suggesting that STM may be beneficial in the prevention of viral
diseases and cancer in old-aged people.
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1. Introduction

Pain is an unpleasant sensory and emotional experience as-
sociated with actual or potential tissue damage and can be
described in terms of such damage [1]. Furthermore, pain
is a complex, multi-dimensional sensation that is difficult to
describe because it arises from traumatic or pathophysiological
causes and is influenced by psychological, emotional, and
cognitive factors [2].

In addition to conventional therapies such as pharmacologic
treatment, physical therapy (including exercise, massage, and
thermal and electrical treatments) has been used to treat chronic
pain[3, 4]. Massage is a nonpharmacological therapy that
is a part of complementary and integrative medicine, and it
has been used for pain management; its mechanism of action

is becoming increasingly clear [5]. Korea [0, 7]and several
European countries [8, 9] have developed various devices for
automated massage that can be used in combination with other
physical therapies aimed at pain or stress management.

It has been well documented that these painful experiences
are powerful stressors, and these stresses trigger neuroen-
docrine activities that can lead to the suppression of some
immune functions[10, 11]. Conversely, pain relief may restore
impaired immunity. Pain management may also indirectly
affect immune function by facilitating physical exercise, par-
ticularly in the elderly and patients with pain. It has been
reported that exercise enhances T cell, B cell, and natural killer
(NK) cell functions by altering the secretion of cytokines and
hormones [12].

Additionally, strong associations between pain and tran-
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scriptional or epigenetic changes in the blood have been re-
ported [13]. A recent study using a rat model of spared
nerve injury showed that DNA methylation changes are as-
sociated with neuropathic pain in peripheral T cells. These
changes showed a striking overlap with cells in the prefrontal
cortex [14]. Inflammation is an essential component of sev-
eral painful syndromes, including arthritis, inflammatory back
pain, traumatic pain, and postoperative pain [15]. Leukocytes
are the source of hyperalgesic and analgesic mediators [16];
therefore, immune modulation may result in pain relief. This
hypothesis has been strongly support by several clinical stud-
ies, showing that physical therapeutic agents may influence
pain by resolving inflammation [17].

These results strongly suggest that immune modulation may
be involved in the reduction of pain. Previous studies have
shown that spinal thermal massage (STM) can relax the auto-
nomic nervous system [6] through physical and physiological
changes [7]. However, to our knowledge, only one non-
controlled pilot study with 10 healthy subjects has addressed
the immunomodulatory effect of STM [18]. Our controlled
study focused on old-aged individuals and patients with pain
who are the main recipients of this therapy and who have been
well documented to have a variety of immune impairments
[19]. In the current study, we aimed to confirm the effect of
STM on pain management and assess whether it influences
the immunological function of patients experiencing pain and
immunocompromised patients.

2. Methods

2.1 Participants

One hundred and forty individuals above 60 years of age with
a disability caused by damage to the central nervous system for
more than 6 months were recruited for the study. All recruited
patients had symptoms of neck, shoulder, buttock, or knee pain
and back muscle pain for more than 3 months. As the medical
history record of each patient is important, patients with a
stroke and with similar histories were included, and these
patients were expected to have a reduced immune function
because they cannot maintain normal activities for a long
time due to central nervous system damage for more than 6
months. Participants with an immunological disease, a cardiac
pacemaker, a transplanted electrical device, a malignant tumor,
a spinal cord infection, thrombosis, a suspected skin disease,
skin irritation, a vertebral deformity, scoliosis with Cobb’s an-
gle of 20° or more, a history of vertebral fractures due to osteo-
porosis, severe osteoporosis, vertebral fractures, myopathies,
and back syndrome after spinal surgery were excluded from
the study. Therefore, 130 participants were enrolled after the
exclusions. Of the 130 participants, 65 were assigned to the
control group receiving rehabilitative regular care (RRC) and
65 were assigned to the experimental group receiving STM and
RRC. RRC mainly consists of occupational therapy performed
by occupational therapists to improve upper extremity and
daily life functions, and physical and occupational therapies
consisting of balance and gait training and gait posture to
improve lower extremity functions. It was not associated
with the improvement in the immune function and it was
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ethically necessary. During the 1-week adaptation process,
four participants were excluded from the experimental group.
During treatment, 4 participants from the control group and
6 from the experimental group were excluded, and a total of
116 participants completed the treatments. However, 57 blood
samples were used for laboratory calibration to establish assay
conditions for 15 immunological measurements, such as ap-
propriate cell types, dilution rate with medium for whole blood
culture, period of culture, concentration of stimulants, and
dilution rate of samples for enzyme-linked immuno-sorbent
assay. Finally, data derived of 29 control subjects (14 males
and 15 females) and 30 experimental subjects (20 males and 10
females) were analyzed (Fig. 1). The mean duration of pain (+
standard error [SE]) was 28.10 months (SE, 4+ 28.97 months)
for the control group and 15.70 months (SE, + 16.71 months)
for the experimental group.

Written informed consent was obtained from all subjects
before the study. This study adhered to the principles and
recommendations of the Declaration of Helsinki. The study
protocol was reviewed and approved by the Institutional Re-
view Board at the Presbyterian Medical Center (IRB no. 2017-
06-022).

2.2 STM treatment

This study was conducted using a personal thermal device
for relieving muscle pain (CGM MB-1401; Ceragem Co.,
Ltd., Cheonan, Korea), an instrument approved by the Food
and Drug Administration of Korea and the United States as
a personal thermal device for relieving muscle pain. The
STM device provides a 36.5-min preprogrammed chiropractic
massage sequence. During this sequence, a roller massages
the muscles along the spine by moving cranially, caudally,
and vertically for paraspinal massage and applies segmental
acupressure at the basic strength presented in the program
algorithm (Fig. 2). For thermal massage, heat is added to the
program using a heating source inside the roller that can be set
at 30 °C-60 °C. However, as the temperature suggested for
the induction of immune response in previous studies related
to hyperthermia treatment is 39 °C-41 °C [20], it was set
to 43 °C considering the clothes the users were wearing. A
trial session allowed participants to become familiar with the
massage device.

2.3 Study design

Data were collected and blood was drawn at the following three
time points: before the massage, 4 weeks after the massage,
and 8 weeks after the massage. Therefore, we conducted a
non-randomized controlled study with repeated measures.

2.4 Rehabilitative medical indicators

Questionnaires such as the pain numeric rating scale (PNRS),
the Oswestry disability index (ODI), Roland and Morris
disability questionnaire (RMDQ), and 3-level EuroQol Five-
Dimensional Questionnaire (EQ) were used to obtain data
regarding pain and the quality of life of the participants.
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FIGURE 1. Procedure followed in the study. One hundred and forty individuals applied to participate in this study, but 10
individuals dropped out in the screening stage; therefore, 130 individuals were assigned to two groups (Exp. n = 65, Con. n =
65). During the 1-week adaptation process, four participants were excluded from the experimental group. During treatment, 4
participants from the control group and 6 from the experimental group were excluded, and a total of 116 participants completed the
treatments. fifty-seven blood samples were used for laboratory calibration to establish assay conditions for nine immunological
measurements. Ultimately, data of 30 individuals in the experimental group and 29 in the control group were analyzed. RMI,
Rehabilitative Medical Indicators; CLS, Changes in Leukocyte Subpopulations; CCP, Changes in Cytokine Production.
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FIGURE 2. Structural image of the spinal thermal massage device. A roller massages the muscles along the spine by moving
cranially, caudally, and vertically for paraspinal massage and applies segmental acupressure at the basic strength presented in the

program algorithm.

2.5 Source of blood samples

Blood samples for the culture and immunofluorescence assay
were collected in evacuated Vacutainer blood collection tubes
containing 75 USP sodium heparin (ref. 367871) (Becton
Dickinson and Co., Franklin Lakes, NJ, USA). Blood for
serum samples was drawn into BD Vacutainer SST II Advance
blood collection tubes (ref. 367955) (Becton Dickinson and
Co.). The samples were collected at approximately 9:00 AM
and processed immediately.

2.6 Quantitation of leukocyte
subpopulations and flow cytometry

Total white cell blood counts and differential counts (lympho-
cytes and monocytes) were estimated from whole blood using
an autoanalyzer (NX-3000; SYSMEX Co., Kobe, Japan). Im-
munofluorescence was performed for the quantitation of lym-
phocyte subpopulations using whole blood and monoclonal
antibodies according to the manufacturer’s instructions. The
antibodies (BioLegend, San Diego, CA, USA) against leuko-
cyte surface molecules used in this study were FITC-anti-
CD3 (clone UCHT1), FITC-anti-CD4 (clone RPA-T4), PE-
anti-CD8a (clone RPA-TS), FITC-anti-CD19 (clone HB19),
and PerCP-anti-CD56 (clone HCD56). The erythrocytes were
lysed using red blood cell lysis buffer (BioLegend) and flow
cytometric analysis was performed using an EPICS V flow
cytometer (Coulter Corp., Hialeah, FL, USA).

2.7 Blood culture

Iscove’s modification of Dulbecco’s medium (IMDM)
(GIBCO Life Technologies, Grand Island, NY, USA)
was supplemented with 1% antibiotic/antimycotic solution
(penicillin 100 units/mL, 100 pg/mL streptomycin, and

250 ng/mL amphotericin B; Sigma Chemical Company, St.
Louis, MI, USA), 5 mM 2-mercaptoethanol, and 200 mM
L-glutamine (Sigma Chemical Company). Heparinized blood
was mixed with supplemented IMDM at a ratio of 1:10. The
blood suspension was incubated with purified anti-CD3 (1
pg/mL) and anti-CD28 (1 pg/mL) antibodies (Miltenyi Biotec
GmBH, Bergisch Gladbach, Germany) for T cell stimulation,
and 100 ng/mL purified human interleukin (IL)-2 (Miltenyi
Biotec GmBH) or 1 pg/mL lipopolysaccharide (LPS) (Sigma
Chemical Company) for NK cell or inflammatory cell
stimulation. After stimulation for 1 or 3 days in 48-well
culture plates (Nunc, Roskilde, Denmark) at 37 °C and with
5% COg, the supernatants were recovered and frozen at -80
°C until analysis.

2.8 Enzyme-linked immunosorbent assay

The cytokine levels in the culture supernatants were mea-
sured using an enzyme-linked immunosorbent assay set (MAX
Deluxe Set; BioLegend) according to the manufacturer’s in-
structions.

2.9 Statistics

To control the difference between the groups at baseline, the
data were processed using the analysis of covariance (AN-
COVA) using the baseline value as a covariate. Two main
effects (group and time effects) and an interaction effect (group
x time) were analyzed using ANCOVA, and post-hoc analysis
was performed to evaluate the differences between the groups
at each instance of measurement to check if any of the effects
were significant. Data are presented as mean and standard
error adjusted for the baseline. The criterion for statistical
significance («) was 0.05.
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TABLE 1. Changes in pain-related measures.

Group At 4 weeks

CON(n=29) 4.19(0.15)
PNRS

EXP (n=30) 3.95(0.15)**

CON(n=29) 49.88(1.36)
ODI

EXP (n=30) 44.30(1.33)*

CON (n=29) 9.14(0.46)
RMDQ

EXP (n=30) 7.66 (0.45)*
EQ CON(n=29) 0.48(0.01)

EXP (n=30) 0.53 (0.01)**

ES At 8 weeks ES
3.95(0.19)

1.08  2.71 (0.18)** 1.22
51.25 (2.07)

0.69 37.94 (2.03)** 1.08
9.41 (0.56)

0.54  7.01 (0.54)** 0.73
0.46 (0.02)

0.73  0.56 (0.02)** 0.94

Values are expressed as mean (standard error) adjusted for the baseline value.
Asterisks indicate significant group differences each time points (*p < 0.05,

¥ < 0.01).

ES <0.20, effect Size (ES) is small; ES = 0.50, ES is medium; and ES >0.80,

ES is large.

3. Results

3.1 Pain and quality of life

First, we examined the pain and quality of life perceived by
the participants using four self-reported tests. For all measure-
ments, the ANCOVA was performed using the baseline value
as a covariate. In PNRS, the group effect was significant (p
< 0.01), but the time and interaction effects were not. The
PNRS score in the experimental group was lower than that
in the control group after both 4 weeks (p < 0.01, ES =
1.08) and 8 weeks (p < 0.01, ES = 1.22). The ANCOVA
for ODI showed statistical significance in the group, time, and
interaction effects (p < 0.01). The ODI score was lower in
the experimental group than in the control group after both 4
weeks (p < 0.05, ES=0.69) and 8 weeks (p < 0.01, ES=1.08).
In RMDQ, the group effect was significant (p < 0.05), but the
time and interaction effects were not. The RMDQ score was
lower in the experimental group than in the control group after
4 weeks (p < 0.05, ES = 0.54) and 8 weeks (p < 0.01, ES =
0.73). In EQ, the group (p < 0.01) and interaction effects (p
< 0.05) were significant, but the time effect was not. The EQ
score was higher in the experimental than in the control group
after both 4 weeks (p < 0.01, ES = 0.73) and 8 weeks (p <
0.01, ES = 0.94) (Table 1, Fig. 3).

3.2 Changes in leukocyte subpopulations

The changes in the count of peripheral blood leukocytes and the
distribution of their subpopulations were evaluated for CD3™,
CD4™, and CD8* T cells, CD19T B cells, and CD5617NK
cells, which are reportedly low in elderly individuals [21—
26]. The ANCOVA for leukocyte, lymphocyte, CD3* T
cell, CD41 T cell, CD8" T, and CD19+ B cell showed that
there was no significant group, time, and interaction effects.
For monocytes and CD56" NK cells, the group effect was
significant (p < 0.05), but the time and interaction effects were
not. Monocyte and CD56™ NK cell proportions were higher in
the experimental group than in the control group after 8 weeks
(p < 0.05, ES = 0.68, 0.53, respectively) (Table 2, Fig. 4).

TABLE 2. Changes in leukocyte subpopulations.

Group At4 weeks At 8 weeks ES
Leukocyte CON (n=29) 6.44(0.29) 6.63(0.24)
(x103/uL) EXP (n=30) 6.68(0.29) 6.35(0.23)
Lymphocyte CON (n=29) 29.84 (1.67) 29.29 (54)
(%)T EXP (n=30) 30.47 (1.64) 29.13 (1.52)
Monocyte CON (n=29) 6.80(0.35) 6.74(0.30)
(%) EXP (n=30) 7.26 (0.35) 7.85(0.29)* 0.68
CD3*T T CON (n=29) 57.78 (1.97) 56.43 (1.38)
(%)3 EXP (n=30) 55.88 (1.93) 59.13 (1.35)
CD4+ T CON (n=29) 35.50 (1.49) 37.99 (1.26)
(%)* EXP (n=30) 35.75(1.46) 34.88 (1.24)
CD8' T CON (n=29) 14.00 (0.57) 11.68 (0.72)
(%)* EXP (n=30) 14.20 (0.56) 11.98 (0.71)
CD19" B  CON (n=29) 4.66(0.39) 5.68(0.42)
(%)3 EXP (n=30) 4.14(0.35) 5.11(0.41)
CD567 NK CON (n=29) 15.88 (1.12) 17.33 (0.96)
(%)* EXP (n=30) 18.30(1.10) 20.08 (0.94)* 0.53

Values are expressed as mean (standard error) adjusted for
the baseline value.

Asterisks indicate significant group differences each time
points (*p < 0.05).

ES <0.20, effect Size (ES) is small; ES = 0.50, ES is medium;
and ES >0.80, ES is large.

9, % of peripheral blood leukocytes.

8, % of lymphocytes.

3.3 Changes in cytokine production

The changes in cytokine production by T cells were evaluated;
specifically, the IL-2, IL-4, and IFN-v levels were evaluated
based on the findings of a previous study, which reported
that their levels are low in elderly individuals [27]. For IL-2
production, the interaction effect was statistically significant (p
< 0.05), but the group and time effects were not. The IL-2 level
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FIGURE 3. Changes in pain-related measures. Values are expressed as mean (standard error) adjusted for the baseline value.
Asterisks indicate significant group differences each time points (*p < 0.05, **p < 0.01).
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FIGURE 4. Changes in leukocyte subpopulations. Values are expressed as mean (standard error) adjusted for the baseline
value. Asterisks indicate significant group differences each time points (*p < 0.05, **p < 0.01).

was lower in the experimental group than in the control group Based on previous reports indicating that NK cell activity
after 4 weeks (p < 0.05, ES = 0.56). There was no significant declines in elderly individuals [25, 28], the changes in IFN-
effect on IL-4 and IFN-~ production. v production following NK cell stimulation by IL-2 were
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TABLE 3. Changes in cytokine production.

(pg/mL) Group At 4 weeks
L2 CON (n=29) 77.39 (17.93)
EXP(n=30) 23.12(17.62)*
L4 CON (n=29) 20.21 (3.73)
EXP (n=30) 11.53 (3.67)
CON (n=29) 19930 (3003.42
IFN- (T) (n=29) ( )
EXP (n=30) 17402 (2952.86)
CON (n=29) 3884 (1352.25)
IFN-v (NK)
EXP (n=30) 8313 (1329.37)*
CON (n=29) 334 (33.81)
TNF«
EXP (n=30) 274 (33.24)
CON (n=29 2228 (195.45
L4 (n=29) (195.45)
EXP(n=30) 2086 (192.17)
-6 CON (n=29) 30786 (1867.33)
EXP (n=30) 27367 (1835.94)

ES At 8 weeks
37.44 (11.52)
0.56 25.96 (11.33)
15.50 (2.713)

9.46 (2.67)

26067 (3148.88)
20837 (3095.87)
4064 (1060.93)
0.61 4401 (1042.98)
162 (29.43)
231 (28.93)
1385 (137.12)
1843 (134.81)
34682 (1772.99)
31045 (1743.18)
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Values are expressed as mean (standard error) adjusted for the baseline value.
Asterisks indicate significant group differences each time points (*p < 0.05).
ES <0.20, effect Size (ES) is small; ES = 0.50, ES is medium; and ES >0.80, ES is

large.

measured. Although there was no significant effect on the
production of IFN-+, the group effect was close to the signif-
icance level (p = 0.058). The IFN-v level was higher in the
experimental group than in the control group after 4 weeks (p
< 0.05, ES =0.61) (Table 3, Fig. 5).

An increase in the production of proinflammatory cytokines
by stimulated mononuclear cells has been observed in elderly
subjects, and it may be related to several features of age-
associated pathological events [29]. In this study, the pro-
duction of tumor necrosis factor (TNF)a, IL-13, and IL-6
after LPS stimulation of whole blood cells was also analyzed.
For TNF« secretion, the interaction effect was statistically
significant, but the group and time effects were not. This
resulted from a significant reduction in the level of TNF« in
the control group at 8 weeks compared with that at 4 weeks.
There was no significant effect on IL-1/ and IL-6 production.

4. Discussion

A paraspinal automated thermal massager was used in this
study for myalgia, and its analgesic effect was confirmed.
Our findings showed that thermomechanical massage using an
automated device may induce an immunological response and
reduce pain similar to manual massage performed by massage
experts [30—32]. Rehabilitative medical indicators reflecting
the quality of life also supported this finding. No adverse
events were observed during this trial. These results suggest
that individuals with chronic pain and patients with cancer
with treatment-related symptoms [33] can use this device as a
complementary treatment to manage their pain in the comfort
of their homes.

As hyperthermia has been widely used to treat cancer, data
regarding the effects of hyperthermia on immune function have

been gathered. Hyperthermia leads to a relative decrease in
CD4™" T cell levels [20], an increase in the total lymphocyte
count [34], enhancement of T cell proliferative response, and
other beneficial effects [35].

In this study, no significant difference was observed in the
total white blood cell count or proportions of lymphocytes and
lymphocyte subpopulations, except for monocytes and CD56™
NK cells (Table 2). These results were different from those of
other studies that showed significant changes in lymphocyte
and T cell counts after massage [36] or hyperthermia treatment
[20] and an increase in T cell counts after STM (pilot study)
[18].Although it is not possible to directly compare these
non-controlled data obtained from a few subjects (n = 4—
11), the discrepancy between our results and the results of
hyperthermia treatment studies may be due to the different
levels of heat provided by the equipment. Further research is
needed to clarify this issue.

The monocyte and NK cell proportions were higher in the
experimental group than in the control group after 8 weeks (p
< 0.05). Our finding for monocytes could not be compared
with the results of other studies, because, to the best of our
knowledge, an increase in monocyte proportions after massage
or hyperthermia has not been documented. Nonetheless, this
finding requires further investigation as monocyte function
is also known to be impaired in elderly individuals [25] and
as monocytes are key factors in the host defense system as
phagocytic cells [37].

Although there are a few reports on the regulation of immune
functions with massage therapy, data have shown that massage
therapy increases NK cell counts in patients with AIDS [38,
39]and cancer [36]. Hyperthermia has been known to increase
the count of NK cells [40]. These findings are in line with our
results.
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FIGURE 5. Changes in cytokine production. Values are expressed as mean (standard error) adjusted for the baseline value.
Asterisks indicate significant group differences each time points (*p < 0.05, **p < 0.01).

Unexpectedly, the IL-2 level was lower in the experimental
group than in the control group after 4 weeks (p < 0.05).
However, a decrease in the IL-2 level was not observed in
the experimental group, most likely, owing to the substantial
elevation in the IL-2 level in the control group, which could
not be explained. The production of IL-4 and IFN-vy from T
cells stimulated with anti-CD3 was comparable between the
groups. It is an interesting finding that massage may promote
immunity via the attenuation of aberrant CD4™ T subsets [41],
although it was not addressed in the present study.

However, NK cell activity measured by interferon (IFN)-y
production following IL-2 stimulation was significantly higher
in the experimental group after 4 weeks (p < 0.05). These
results are similar to those of previous studies showing en-
hanced NK cell activity in patients with AIDS [38&, 39]and
cancer [36, 42], and they support the idea that NK cell activity
can be activated by STM. Notably, this effect was not observed
after 8 weeks of treatment in this study, suggesting that the NK-
stimulating effect may not persist throughout STM treatment.

Several studies have reported that NK cells, among the
leukocyte subpopulations, are particularly heat sensitive and
thermal treatment enhances NK proliferation and activity [43,
44]. Furthermore, enhanced NK cell function is suggested
as one of the mechanisms of action of hyperthermia to treat
cancer [45]. If this view is accepted, then the effect of STM on
NK cells demonstrated in this study can be interpreted as an
effect of thermal treatment. NK cells have an important role in
destroying cancer cells and virus-infected cells, and they are
the main players in innate immunity against cancer and viral
infections [46, 47]. In conclusion, this study suggests that STM
may be beneficial for the prevention of these diseases by aug-
menting the first line of immune defense, such as monocytes
and NK cells, in old-aged people.

The high levels of inflammatory cytokines in elderly in-
dividuals [28] are considered to be caused by underlying in-
flammatory diseases. Recent findings suggest that a reduction
in the release of inflammatory cytokines via the inhibition of
the TLR4 signaling pathway may be a mechanism by which

massage can relieve neuropathic pain [48]. Atanackovic et al.
[40] demonstrated a marked but short-term increase in IL-6 and
TNF« levels in patients with malignant diseases during the first
5-24 h after whole-body hyperthermia. However, STM did
not alter the production of these cytokines (Table 3). Although
further studies are necessary to provide better understanding, a
possible explanation for the discrepancy is that short-term and
long-term outcomes during STM treatment may differ.

A limitation of our study is that we were unable to randomly
assign participants to the control group or experimental group,
as discussed previously. The heterogeneity of participant
characteristics of the two groups, although not statistically sig-
nificant, may have distorted our results. Additionally, it should
be noted that the peripheral blood leukocytes used in this
study do not represent the full scope of individual immunity.
Marked compositional differences have been reported between
peripheral blood and primary/secondary lymphoid organs [49].

5. Conclusions

Our data showed that STM treatment can relieve pain and
improve the perceived quality of life. STM treatment does
not affect the distribution of T cells and B cells or cytokine
production by T cells and inflammatory cells; however, it
significantly increases the distribution and activity of periph-
eral blood NK cells. These results demonstrate that STM
treatment, similar to manual massage, may also be beneficial
for the prevention of NK-involved diseases, such as viral
infections and tumor development, particularly in old-aged
people susceptible to these diseases. However, further studies
involving a larger cohort are required to draw a more definitive
conclusion.
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