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Abstract: Female caregivers of people with disabilities are burdened physically and mentally. To
improve these symptoms, an intervention that is easy to apply and has fewer side effects, such as
natural healing, has been proposed, but the effect of healing using marine resources is unclear until
now. The purpose of this study is to investigate the effect of meditation accompanied with stabilization
exercise in the marine region on the improvement of pain, tactile sense, muscle characteristics, muscle
strength, balance, quality of life, and depression in female caregivers of people with severe physical
disabilities. Twenty-four female family caregivers were recruited and were randomly assigned to
the marine therapy group (MTG, n = 12) and the control group (CG, n = 12). Both groups performed
the same meditation (35 min) and stabilization exercise (25 min) twice a day for 3 nights and 4 days
per session (total 8 sessions). The MTG performed these in the marine region, whereas the CG
performed the interventions in the urban region. Pain (pain intensity and pain pressure threshold),
tactile sense (tactile spatial acuity), muscle characteristics (stiffness, elasticity), muscle strength (hand
and pinch grip strength), balance, quality of life, and depression were measured before and after the
intervention and 4 weeks after the intervention. Both groups showed significant improvements in
pain intensity (resting pain: f(2) = 72.719, p < 0.001; movement pain: f(2) = 24.952, p < 0.001), muscle
strength (right pinch grip: f(2) = 15.265, p < 0.001), and depression (f(2) = 13.312, p < 0.001), while
tactile spatial acuity (TSA) (upper part: f(2) = 14.460, p < 0.001; lower part: f(2) = 7.672, p = 0.002),
dynamic balance (f(2) = 4.196, p = 0.024), and quality of life (overall quality of life & general health:
f(2) = 5.443, p = 0.009; physical health: f(2) = 13.991, p < 0.001; psychological: f(2) = 9.946, p < 0.001;
environmental: f(2) = 20.004, p < 0.001; total: f(2) = 11.958, p < 0.001) were significantly improved
only in MTG. There was no significant change in pain pressure threshold (upper trapezius (UT):
f(2) = 0.765, p = 0.473; levator scapula (LS): f(2) = 0.213, p = 0.809; splenius capitis (SC): f(2) = 0.186,
p = 0.831) and muscle characteristics (UT stiffness: f(2) = 1.486, p = 0.241; UT elasticity: f(2) = 0.358,
p = 0.702; LS stiffness: f(2) = 2.440, p = 0.102; LS elasticity: f(2) = 0.544, p = 0.585) in both groups. In
comparison between groups, the MTG showed a significant difference in sensory function compared
to the CG (resting pain: f(2) = 10.487, p = 0.005; lower part: f(2) = 5.341, p = 0.034 in TSA). Our findings
suggest that meditation combined with stabilization exercise improved pain, muscle strength, and
depression of female caregivers. In particular, greater benefits on tactile sense, balance, and quality of
life were found in performing these in the marine region compared to the urban region.
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1. Introduction

The number of long-term people with disability for neurological diseases such as stroke
and spinal cord injury is constantly increasing worldwide [1]. Most of the care for family
members with disabilities is informal, and these care and medical services in hospitals and
nursing homes are essential for the long-term care of people with disability [2,3].

The family caregiver who takes care of people with long-term physical disability
experiences mental stress due to lack of sleep, insufficient exercise, and absence of rest, and
also has a physical burden (fatigue, backache, physical strain) due to the frequent disabled
people transfer and uncomfortable postures of the caregivers [4–7]. Musculoskeletal pain
and psychological stress lead to an increase in physical or mental health problems and a
decrease in the quality of life (QoL) of the caregiver. In addition, the depressive emotion of
people with disability can become a factor that decreases the QoL of the caregiver [8]. This
has negative consequences for the care of people with disability and their families, and it is
necessary to identify interventions that can improve and restore the physical and mental
health of caregivers.

The social roles of women and men have also changed along with the changes in
society and industry. Still, in Korea, the gender-specific norms continue in which men are
responsible for economic support and women take on various household chores. Therefore,
the role of caring for a family with physical or mental disabilities is mainly taken by women,
and many women experience physical or mental burdens due to long-term care [9,10].
Unfortunately, however, most studies to date have focused on treatment or symptom
improvement methods for people with disabilities, and studies on the health promotion of
their family caregivers are very scarce.

Therapeutic interventions such as meditation, yoga, and physical exercise can regulate
the sympathetic nervous system and hypothalamic–pituitary–adrenal system [11] and
effectively relieve work-related stress and associated illness and burnout [12]. These have
also been used to improve physical problems and function, pain, and fatigue; meditation is
commonly used to reduce mental stress and depression in clinics and health care facilities.
Some studies have reported that these interventions positively affect managing QoL, stress,
depression, and physical burden for caregivers [13–15]. According to Kaplan’s attention
restoration theory, exposure to the forest or wild nature is effective for mental health. This
nature could improve the ability of urban dwellers, stress, and deteriorated performance
by providing a stress-free environment and a landscape of a pattern where they can
concentrate without much attention [16]. These results indicate that the environment can be
an important factor in the subject’s sensory function and psychological changes. Recently,
natural therapy has been proposed to provide safe and alternative treatment and reduce
side effects or boost the effectiveness of traditional medicine. In particular, marine resources
such as seawater, marine sand, sea breezes, and marine scenery positively affect mental and
physical health [17–19]. In particular, the marine area is a rich environment with various
kinds of resources such as sea sands, ocean sound, marine climate, seawater, and sea
scenery. It has been reported that natural ocean sound exposure and ocean-side relaxation
improved hearing difficulty and stress hormone levels for chronic tinnitus patients [17].
Climatotherapy at the Dead Sea also positively affected QoL, depression, and stress in
the elderly and patient groups with poor physical health, QoL, and depression [20]. Our
previous study confirmed that therapeutic exercise on sea sand positively improved pain
and motor function in people with chronic ankle instability. This is considered to be an
improvement through various sensory stimulation of the feet and activation of muscle and
joint proprioceptive sensations by sand. In addition, the unstable surface created due to
the mechanical properties of sand requires more neuromuscular recruitment and control
for the subject to perform motions. As such, sea sand requires an increased energy cost to
perform a movement compared to grass or flat land, thereby improving cardiopulmonary
function. It has the advantage that muscle damage, pain, and performance can be improved
due to a relatively low impact given to the joint [19,21]. Although it has been reported
that marine healing effectively improves musculoskeletal and psychological problems,
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the effect of marine healing on family caregivers who suffer from these problems has not
been identified.

The two objectives of this study are as follows. First, it investigates the effect of
meditation with stabilization exercise on pain, tactile sense, muscle characteristics and
strength, balance, QoL, and depression in female family caregivers of people with severe
physical disabilities. Second, it is also to investigate whether the effect of meditation with
stabilization exercise performed in the marine region is more effective than the intervention
performed in the urban region.

2. Materials and Methods
2.1. Participants

We recruited family caregivers who care for people with severe physical disabilities at
the National Rehabilitation Center. We posted information about the research introduction
and participants’ recruitment on the hospital’s bulletin board and the online community
of caregivers. Forty female family caregivers volunteered to participate in this study, and
24 subjects finally participated in consideration of the inclusion and exclusion criteria. The
participants who participated in this study were randomly assigned to the marine therapy
group (MTG) or the control group (CG). The inclusion criteria were as follows: (1) aged >19
and <65, a female caregiver who cares for people with severe physical disability (e.g., stroke
(over moderate ≥9 NIHSS (National Institutes of Health Stroke Scale), or traumatic brain
injury) [22,23], (2) non-specific low back pain and neck pain in which a neurologist detected
no neuropathological problem or structural damage, and (3) who has confirmed subjective
stress due to caring through an interview with one psychiatrist (HDRS score ≥8) [22]. The
excluded from the study were female caregivers with the following characteristics: (1) with
neurological, psychiatric, visual, auditory, cardiovascular, and musculoskeletal disorders
to the degree that makes it difficult to carry out relaxation exercises; (2) those who are
accompanied by specific back pain that appears due to causes such as nerve root pain,
infection, spinal cord injury, trauma, cauda equina syndrome, and structural deformation;
(3) those who complained of shoulder pain caused by accident within four weeks before
the experiment; (4) those who complained of pain due to acute inflammation; (5) those
in whom pain manifests through the neck extension movement; and (6) those who have
experienced upper limb fracture, dislocation or surgery within six months.

To calculate the sample size, we used the G*power program (G*power ver. 3.1.9.2,
University of Kiel, Aichach, Germany). No previous study has considered this study’s
intervention methods and outcome measurements, so we performed a preliminary study
to estimate the sample size. Therefore, the sample size was calculated by selecting ANOVA:
Repeat Measures, within-between interaction of F Test, and entered an effect size f = 0.26,
α error Prob = 0.05, Power = 0.8, Number of Groups = 2, Number of Measurements = 3 into
the program. A total of 26 persons were calculated, 13 in each group. A total of 29 persons
were determined by applying a 10% dropout rate for the duration of the study.

Of the 29 subjects who satisfied the selection criteria of this study, five were dropped,
and a total of 24 subjects finally participated in the study. In the MTG, three people
dropped out during the study period due to personal reasons, and in the CG, two sub-
jects dropped out due to health problems (Figure 1). According to the parameters, there
were no significant inter-group differences in age (p = 0.774), height (p = 0.669), weight
(p = 0.364), BMI (p = 0.245), care period (p = 0.396), and relationship (p = 0.974) of the
participant characteristics (Table 1).
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Table 1. General characteristics.

Variables MTG
(n = 12)

CG
(n = 12)

t or Chi-Square
(df) p-Value

Age
(year) 52.11 ± 10.34 53.40 ± 8.88 −0.292 (22) * 0.774

Height
(cm) 157.21 ± 4.23 156.14 ± 6.18 0.436 (22) * 0.669

Weight
(kg) 57.18 ± 8.68 61.12 ± 9.62 −0.934 (22) * 0.364

BMI
(kg/m2) 23.14 ± 3.44 25.04 ± 3.41 −1.204 (22) * 0.245

Care period
(month) 24.44 ± 25.02 15.90 ± 17.47 0.871 (22) * 0.396

Relationship
Wife 7 (58.30) 6 (50.00)

0.220 (3) # 0.974
Grandmother 1 (8.30) 1 (8.30)

Daughter 3 (25.00) 4 (33.30)
Daughter-in-law 1 (8.30) 1 (8.30)

Continuous variables expressed as mean ± standard deviation, nominal variables expressed number (percentage).
* using the t-test statistics; # using the chi-square test statistics. Abbreviation. MTG, marine therapy group; CG,
control group; BMI, body mass index.

Before the study, the participant was explained about this study and signed a consent
form. This study was conducted with the approval of the Gachon University Institutional
Review Board (1044396-201907-HR-129-01). This clinical trial was registered with the
Clinical Research Information Service (CRIS, the Korean Registry of Clinical Trials) (CRIS
registration number: KCT0005335).
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2.2. Procedure

This study was designed as a randomized single-blinded controlled pilot study. The
MTG stayed at the Dukgu Hot Spring Resort for three nights and four days and performed
meditation and exercise on the Bugu Beach and Hujeong Beach in September 2019 (Uljin-
gun, Gyeongsangbuk-do, marine region). On the other hand, the CG performed the same
intervention in the National Rehabilitation Center for four days and three nights and stayed
at a nearby hotel in October 2019 (Seoul, urban region). Both groups were trained to engage
in the same amount of physical activity during and outside work hours. In order not to
burden the subject with family care, visits from the participant’s family were not allowed.

All participants were allowed one and half hours of light walks around the hotel
during off-hours. The MTG group performed this and viewed marine scenery on the beach
or the road around the shore, and the CG group took a walk or appreciated the city park
scenery around the hotel.

We performed a total of theee measurements before applying the first intervention
(pre-intervention, PRE), after the last intervention (post-intervention, PI), and four weeks
after the last intervention (follow-up, FU). PI measurement was conducted the next day
after the intervention was completed, considering a single-trial effect.

2.3. Measurement

The primary outcomes were QoL, depression, pain (pain intensity, and pain pressure
threshold (PPT)), and the secondary outcomes were tactile sense (tactile spatial acuity,
TSA), muscle characteristics, muscle strength (hand and pinch grip strength), and balance
(dynamic balance).

2.3.1. Pain Intensity

Pain intensity was measured using a 100 mm-visual analog scale [24]. After explaining
the measurement tool sufficiently to each participant, the assessor asked the participant to
check the pain that was felt from 0 (no pain) to 100 (worst possible pain). The evaluation
was made after presenting two situations (resting pain and movement pain). Resting pain
usually refers to pain when resting without moving the body, and movement pain refer
to pain that occurs during daily life, such as gait and housework. A more than 20 mm
reduction is considered the minimal clinically important difference [25].

2.3.2. Pain Pressure Threshold

A digital algometer (Somedic AB, Farsta, Sweden) with a 1 cm2 probe was used to
measure PPT [26]. The measurement was performed after marking the application position
of the targeted muscle with a pen. The probe was applied vertically to the skin above
the selected muscle at a constant speed of 30 kPa/s, and the participant was instructed to
express the feeling of pain (grimace, sound, avoidance, increased muscle tone) as soon as
the pressure sensation was felt like pain during the measurement. The measurement was
repeated three times, and the interval between measurements was set to 30 s. The selected
muscles were the upper trapezius (UT), levator scapulae (LS), splenius capitis (SC), and
erector spinae muscle (ES), and the application location was set as the myofascial trigger
point of each muscle [27].

2.3.3. Tactile Spatial Acuity

TSA was measured with an esthesiometer (Two-Point Discriminator, Baseline®, Fab-
rication Enterprises, White Plains, NY, USA) [28]. TSA was measured in a horizontal
direction in the cervical region and the upper trapezius. With the participant lying down
with their eyes closed, the assessor applied stimulation five times to decrease the distance
between the cervical region and the upper trapezius region with two points or one point of
the esthesiometer. The participant answered whether they recognized one or two points
and one point if they were uncertain during the measurement. The first interval started at
4.5 cm (cervical region) and 7 cm (upper trapezius) and was decreased by 0.5 cm until the
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participant detected only one point. The final distance was used as data by increasing the
distance by 0.2 cm based on the point detected by one point. To prevent speculation due to
the pattern, stimulation was carried out with one or two chosen points at random. While
each stimulus created an indentation in the skin, none of the participants complained of
any discomfort.

2.3.4. Muscle Characteristics

Muscle characteristics were measured by using a handheld myotonometer (Myoton
AS, Tallinn, Estonia) [29,30]. The measurement region was marked with a marker be-
fore measurement, and the measurement was repeated. The participant was prone and
the assessor applied the probe perpendicular to the skin over the selected muscle. The
values measured five times were used as data. The stiffness (N/m) and elasticity (loga-
rithmic decrement, Log D) of the four muscles (UT, SC, LS, paraspinal muscle of L2, L3)
were measured.

2.3.5. Muscle Strength

A digital dynamometer (Jamar Plus; Sammons Preston, Rolyon, Bolingbrook, IL, USA)
and a pinch gauge (Jamar pinch gauge; Patterson Medical, Bolingbrook, IL, USA) were
used to measure muscle strength [31,32]. Grip strength was measured by using a digital
dynamometer, and the pinch gauge was used to measure pinch grip strength. To measure
grip strength, the participant was instructed to maintain a state of shoulder adduction to
90◦, the elbow flexion to 90◦, and the wrist slight extension (0–30◦) while the upright sitting
position on the back of a chair. The participant was asked to grip with maximum force
for three seconds while holding the measuring equipment. If excessive abduction of the
shoulder, distortion of the trunk, and deviation of the neutral position of the wrist were
found, it was considered a measurement error and remeasurement was performed. The
measurement was repeated three times, and the interval between measurements was 1 min.
Pinch grip strength measurement was performed in the same method as grip strength
measurement.

2.3.6. Dynamic Balance

Time up and go (TUG) was performed to measure dynamic balance. The measurement
began with the participant in a sitting position. With verbal instruction given by the
assessor, the participant had to get up from the chair, walk 3 m as quickly and safely as
possible, go around a pillar, return to the chair, and sit down again. The measurement
began at the time when the participants stood up from the sitting position and ended when
the participant’s buttocks touched the chair after sitting down again. The measurement
was repeated three times using a timer, and the interval between measurements was set to
30 s [33].

2.3.7. Quality of Life

QoL is defined as an individual’s perception of their position in life in the context of
the culture and value systems in which they live and concerning their goals, expectations,
and concerns. Although QoL is a subjective concept in nature, it is being used as a standard
health outcome measure by evaluating factors related to people’s mental, physical and
social health. We used the Korean version of the World Health Organization quality of life
instrument-short version (K-WHOQOL-BREF), with a Cronbach’s alpha of 0.898 [34,35].
Each item of the measurement tool is scored on a Likert scale (1 = disagree, 5 = completely
agree), and higher scores indicate a more positive quality of life. The measurement tool
is composed of 26 questions with two questions for the Overall QOL & General Health
domain, seven questions for the Physical Health domain, six questions for the Psychological
domain, three questions for the Social Relationships domain, and eight questions for the
Environmental Domain. The score for each domain was converted to a perfect score of
100 [34]. Questions 3, 4, and 26 that are related to being positive were inverted and summed
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with the other questions to be scored. The total score was converted into 100 points for each
domain. A higher score means that the perception or satisfaction of the individual for the
corresponding domain is increased. The Cronbach’s alpha measured in this study was 0.94.

2.3.8. Depression

Depression is a mood disorder characterized by persistent sadness or loss of interest,
which is considered a common mental disorder in caregivers. It was measured using the
Korean version-Hamilton Depression Rating Scale (K-HDRS), with Cronbach’s alpha of
0.76 [36,37]. This measurement tool is composed of 17 questions. 9 items (depressed mood,
feeling of guilt, suicide, work and activities, retardation, agitation, psychic anxiety, somatic
anxiety, hypochondriasis) scored as 0–4 points, and 7 items (insomnia early, insomnia
middle, insomnia late, somatic gastrointestinal, somatic general, genital symptoms, insight)
were scored as 0–2 points, and one item (loss of weight) was scored 0–3 points. The total
score is 53 points, and a higher score means that the depression is more serious. The
Cronbach’s alpha measured in this study was 0.77.

2.4. Intervention

The intervention applied to this study was performed a total of 8 times, with two
sessions per day for four days and three nights and 60 min per session. The intervention
consisted of meditation and a stabilization exercise to promote physical activity.

2.4.1. Meditation (35 min)

The meditation was reorganized by referencing the Menezes protocol [38]. The com-
position of the meditation performed in this study is as follows: (1) diaphragm breathing
exercise (5 min), (2) meditation (20 min), (3) closing with discussion and exchange of
thinking (10 min).

For the warm-up exercise, the subjects stood in a circle facing each other and performed
diaphragm breathing with light stretching. Meditation was performed in a sitting position
while maintaining the circle to meet each other. After the meditation, each subject had time
to discuss their feelings and thoughts during the day. The rest time between interventions
was 10 min, and one physical therapist and one instructor who had acquired a meditation
certificate conducted the intervention.

2.4.2. Stabilization Exercise (25 min)

The stabilization exercise that was applied in this study was composed of a core
exercise that improves the stability of the trunk and a disassociation exercise that can train
the movement of the limbs while maintaining a neutral spine position. They can reduce
the musculoskeletal burden and improve faulty movement patterns in daily life. The
stabilization exercise that was performed in this study was reorganized based on previous
research [39]. The stabilization exercise was performed after a light warm-up exercise. This
exercise consisted of 5 exercises (plank, bridge, bird dog, dead bug, side plank) performed
for 5 min for each exercise.

2.5. Statistics Analysis

The data was analyzed using the IBM SPSS Statistics 25.0. (IBM-SPSS Inc, Chicago,
IL, USA). Descriptive statistics for demographic data and all outcome measures were
expressed as averages and standard deviations. A test of normality was performed using
the Shapiro–Wilk test. As a result, parametric statistics were performed since they followed
a normal distribution. For the homogeneity test, continuous variables were analyzed with
the independent t-test, and categorical variables were analyzed with the chi-square test.
Repeated-measures ANOVA was used to analyze the changes in variables between the
groups (MTG, CG) over time (PRE, PI, FU). The independent t-test was used to compare
two groups, and the paired t-test was used to confirm the difference over time (PRE, PI,
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FU) within the group. The Bonferroni correction was applied to prevent Type 1 error. The
alpha level was set to 0.05.

The effect size was estimated with Cohen’s d and f test. Cohen’s d effect size was
expressed as small ≥0.2, medium ≥0.5, large ≥0.8, and the partial eta squared (η2) effect
size was expressed as small ≥0.10, medium ≥0.25, large ≥0.40 [40].

3. Results
3.1. Pain Intensity

Compared to PRE, in the MTG, resting pain and movement pain both showed a
significant decrease at PI and FU (p < 0.05), whereas in the CG, resting pain showed a
significant decrease only at PI (p < 0.05). The MTG also showed significant improvements
at PI and FU in resting pain and movement pain than the CG (p < 0.05). Statistically
significant time × group interaction was confirmed in resting pain and movement pain
between groups (p < 0.05) (Table 2).

Table 2. The changes of pain.

Variables PRE PI FU Source F (df) p Partial η2

VAS (mm)
Resting pain

MTG 34.89 ± 9.96 10.11 ± 10.06 a,* 13.78 ± 10.91 a,* Time 72.719 (1,22) <0.001 0.81
CG 34.40 ± 6.79 25.50 ± 4.88 a 33.50 ± 7.09 Group 10.487 (1,22) 0.005 0.38
d 0.37 1.45 1.64 T*G 23.184 (1,22) <0.001 0.58

Movement pain
MTG 51.33 ± 14.86 17.22 ± 9.72 a,* 23.78 ± 7.40 a,* Time 24.952 (1,22) <0.001 0.60
CG 46.40 ± 20.51 34.20 ± 17.74 39.10 ± 18.60 Group 2.250 (1,22) 0.152 0.12
d 0.24 1.07 1.02 T*G 6.384 (1,22) 0.004 0.27

PPT (kg)
UT

MTG 4.13 ± 2.29 4.67 ± 1.30 4.91 ± 1.46 Time 0.765 (1,22) 0.473 0.04
CG 5.08 ± 1.81 5.29 ± 2.80 5.40 ± 2.56 Group 0.686 (1,22) 0.419 0.04
d 0.36 0.26 0.21 T*G 0.136 (1,22) 0.873 0.01

LS
MTG 3.92 ± 1.35 4.12 ± 1.04 4.89 ± 1.38 Time 0.213 (1,22) 0.809 0.01
CG 4.83 ± 1.21 4.68 ± 1.28 4.26 ± 1.40 Group 0.384 (1,22) 0.543 0.02
d 0.57 0.41 0.37 T*G 2.967 (1,22) 0.065 0.15

SC
MTG 4.91 ± 2.22 4.89 ± 1.58 4.68 ± 1.05 Time 0.186 (1,22) 0.831 0.01
CG 5.15 ± 1.17 4.93 ± 1.78 4.92 ± 1.93 Group 0.076 (1,22) 0.786 0.00
d 0.10 0.02 0.14 T*G 0.046 (1,22) 0.955 0.00

Variables expressed the mean ± standard deviation. a, p < 0.05 compared to PRE within groups; *, p < 0.05
compared to the CG in between the groups. Abbreviation. MTG, marine therapy group; CG, control group; PRE,
pre intervention; PI, post intervention; FU, follow-up; VAS, visual analogue scale; PPT, pain pressure threshold;
UT, upper trapezius; LS, levator scapulae; SC, splenius capitis; Cohen’s d, small ≥0.2, medium ≥0.5, large ≥0.8;
η2, small ≥0.10, medium ≥0.25, large ≥0.40.

3.2. Pain Pressure Threshold

There was no significant difference before and after intervention in UT, LS, and SC
of the MTG and CG, and there was no significant difference in comparison between the
two groups (p > 0.05) (Table 2).

3.3. Tactile Spatial Acuity

Compared to PRE, the MTG showed a significant improvement in the upper part and
lower part at PI and FU (p < 0.05), whereas the CG showed no significant change after
the intervention (p > 0.05). In the comparison between the two groups, the upper part
showed a significant difference only at FU (p < 0.05), but the lower part showed a significant
difference at PI and FU (p = 0.004). There was a significant time × group interaction in the
lower part between the two groups (p < 0.05) (Table 3).
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Table 3. The changes of tactile sense.

Variables PRE PI FU Source F (df) p Partial η2

Upper part (cm)
MTG 3.58 ± 0.47 2.88 ± 0.34 a 2.83 ± 0.43 a,* Time 14.460 (1,22) <0.001 0.46
CG 3.51 ± 0.65 3.16 ± 0.25 3.21 ± 0.23 Group 1.898 (1,22) 0.186 0.10
d 0.10 0.74 0.82 T*G 2.169 (1,22) 0.130 0.11

Lower part (cm)
MTG 8.39 ± 0.94 7.24 ± 0.61 a,* 7.23 ± 1.20 a,* Time 7.672 (1,22) 0.002 0.31
CG 8.49 ± 0.88 8.25 ± 0.71 8.34 ± 0.69 Group 5.341 (1,22) 0.034 0.24
d 0.09 1.27 0.86 T*G 3.891 (1,22) 0.030 0.19

Variables expressed the mean ± standard deviation. a, p < 0.05 compared to PRE in within groups; *, p < 0.05
compared to CG in between the groups. Abbreviation. MTG, marine therapy group; CG, control group; PRE,
pre intervention; PI, post intervention; FU, follow-up. Cohen’s d, small ≥0.2, medium ≥0.5, large ≥0.8; η2,
small ≥0.10, medium ≥0.25, large ≥0.40.

3.4. Muscle Chatracteristics

After the intervention in both groups, there was no significant change in stiffness and
elasticity of the three muscles, and there was no significant difference between the two
groups at the three measurement time points (p > 0.05) (Table 4).

Table 4. The changes of muscle characteristics.

Variables PRE PI FU Source F (df) p Partial η2

UT stiffness (N/m)
MTG 237.33 ± 29.74 223.11 ± 28.14 230.33 ± 18.46 Time 1.486 (1,22) 0.241 0.08
CG 239.10 ± 22.42 240.20 ± 27.48 231.40 ± 20.83 Group 0.438 (1,22) 0.517 0.03
d 0.05 0.50 0.05 T*G 1.871 (1,22) 0.170 0.10

UT Elasticity (logarithm)
MTG 1.92 ± 0.35 1.84 ± 0.34 1.94 ± 0.28 Time 0.358 (1,22) 0.702 0.02
CG 2.00 ± 0.58 1.91 ± 0.51 1.90 ± 0.44 Group 0.044 (1,22) 0.837 0.00
d 0.14 0.13 0.11 T*G 0.195 (1,22) 0.824 0.01

LS stiffness (N/m)
MTG 239.22 ± 31.16 240.00 ± 31.18 251.11 ± 25.48 Time 2.440 (1,22) 0.102 0.13
CG 236.70 ± 18.57 243.60 ± 21.51 257.80 ± 35.89 Group 0.081 (1,22) 0.779 0.01
d 0.07 0.10 0.19 T*G 0.180 (1,22) 0.836 0.01

LS Elasticity (logarithm)
MTG 1.52 ± 0.22 1.50 ± 0.27 1.61 ± 0.25 Time 0.544 (1,22) 0.585 0.03
CG 1.73 ± 0.24 1.70 ± 0.23 1.71 ± 0.23 Group 3.481 (1,22) 0.079 0.17
d 0.74 0.64 0.34 T*G 0.580 (1,22) 0.565 0.03

SC stiffness (N/m)
MTG 340.44 ± 63.91 366.22 ± 32.56 354.11 ± 45.43 Time 5.814 (1,22) 0.007 0.26
CG 342.90 ± 31.90 381.50 ± 57.75 395.40 ± 51.53 Group 1.149 (1,22) 0.299 0.06
d 0.04 0.29 0.71 T*G 1.602 (1,22) 0.216 0.09

SC Elasticity (logarithm)
MTG 1.46 ± 0.12 1.47 ± 0.24 1.35 ± 0.22 Time 6.707 (1,22) 0.004 0.28
CG 1.54 ± 0.11 1.53 ± 0.16 a 1.38 ± 0.19 Group 0.652 (1,22) 0.431 0.04
d 0.54 0.22 0.08 T*G 0.225 (1,22) 0.799 0.01

Variables expressed the mean ± standard deviation. a, p < 0.05 compared to PRE in within groups. Abbreviation.
MTG, marine therapy group; CG, control group; PRE, pre intervention; PI, post intervention; FU, follow-up; UT,
upper trapezius; LS, levator scapula; SC, splenius capitis; Cohen’s d, small ≥0.2, medium ≥0.5, large ≥0.8; η2,
small ≥0.10, medium ≥0.25, large ≥0.40.

3.5. Muscle Strength

The MTG showed a significant improvement in the grip strength of both hands at
PI and FU time (p < 0.05), whereas the CG group showed no significant change after the
intervention (p > 0.05). In the pinch grip, the MTG showed a significant increase in the right
and left hands at PI (p < 0.05), but there was no significant change at FU (p > 0.05). On the
other hand, the CG showed a significant difference only on the right side after intervention
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(p < 0.05), and there was no significant change in this hand at FU and the left side at PI
and FU (p > 0.05). There was no significant difference in muscle strength between the two
groups at any time (p > 0.05) (Table 5).

Table 5. The changes of muscle strength and balance.

Variables PRE PI FU Source F (df) p Partial η2

Muscle strength (kg)
Grip strength (Rt)

MTG 22.67 ± 2.77 24.28 ± 3.30 a 24.06 ± 3.57 a Time 5.439 (1,22) 0.009 0.24
CG 22.89 ± 5.13 23.51 ± 5.06 23.04 ± 5.27 Group 0.070 (1,22) 0.794 0.00
d 0.05 0.16 0.20 T*G 1.792 (1,22) 0.182 0.10

Grip strength (Lt)
MTG 19.66 ± 3.76 21.95 ± 3.77 a 21.84 ± 3.77 a Time 5.979 (1,22) 0.006 0.26
CG 21.81 ± 6.73 22.17 ± 5.92 21.24 ± 5.83 Group 0.064 (1,22) 0.803 0.00
d 0.36 0.04 0.11 T*G 6.711 (1,22) 0.003 0.28

Pinch grip (Rt)
MTG 6.62 ± 0.71 a 7.50 ± 0.73 6.71 ± 1.02 Time 15.265 (1,22) 0.000 0.47
CG 6.51 ± 0.99 a 7.28 ± 1.57 6.66 ± 1.27 Group 0.073 (1,22) 0.790 0.00
d 0.11 0.17 0.04 T*G 0.141 (1,22) 0.869 0.01

Pinch grip (Lt)
MTG 6.29 ± 0.41 a 6.86 ± 0.65 6.76 ± 0.65 Time 4.234 (1,22) 0.023 0.20
CG 6.19 ± 0.92 6.21 ± 0.96 6.36 ± 0.98 Group 1.255 (1,22) 0.278 0.07
d 0.13 0.69 0.42 T*G 2.530 (1,22) 0.095 0.13

Timed up and go (s)
MTG 8.09 ± 1.17 a 7.63 ± 0.96 7.38 ± 0.90 Time 4.196 (1,22) 0.024 0.20
CG 8.02 ± 0.86 7.63 ± 0.55 7.79 ± 0.75 Group 0.103 (1,22) 0.752 0.01
d 0.06 0.00 0.39 T*G 1.069 (1,22) 0.355 0.06

Variables expressed the mean ± standard deviation. a, p < 0.05 compared to PRE in within groups. Abbreviation.
MTG, marine therapy group; CG, control group; PRE, pre intervention; PI, post intervention; FU, follow-up;
Cohen’s d, small ≥0.2, medium ≥0.5, large ≥0.8; η2, small ≥0.10, medium ≥0.25, large ≥0.40.

3.6. Dynamic Balance

In TUG, both groups showed no significant changes before and after the intervention,
and there was no significant difference between groups at the three measurement points
(p > 0.05) (Table 5).

3.7. Quality of Life

The MTG showed significant improvements over time in all variables except social
relationships among WHOQOL (p < 0.05), whereas the CG showed no significant change in
all variables (p > 0.05). There was also no significant difference between the two groups at all
measurement time points (p > 0.05). WHOQOL-physical health, WHOQOL-environmental,
and WHOQOL-total showed significant time × group interaction between the two groups
(p < 0.05) (Table 6).

3.8. Depression

Pre-intervention, there were no significant differences between the groups (p = 0.987).
There was no significant time × group interaction in all variables (p > 0.05). In the MTG,
there was a significant difference over time (p < 0.05). There was a significant difference
between pre vs. PI (p = 0.018). In the CG, there was a significant difference over time
(p < 0.05). There a was significant difference between pre vs. PI (p = 0.042). In a comparison
between groups, there were no significant differences in all variables (p > 0.05) (Table 6).
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Table 6. The changes of quality of life and depression.

Variables PRE PI FU Source F (df) p Partial η2

K-WHOQOL-BREF (score)
Overall QOL & GH

MTG 53.33 ± 15.81 65.56 ± 19.44 70.00 ± 14.14 a Time 5.443 (1,22) 0.009 0.24
CG 58.00 ± 4.22 63.00 ± 4.83 61.00 ± 5.68 Group 0.328 (1,22) 0.574 0.02
d 0.29 0.13 0.61 T*G 2.215 (1,22) 0.125 0.12

Physical health
MTG 50.48 ± 12.29 68.25 ± 14.81 a 68.89 ± 11.38 a Time 13.991 (1,22) < 0.001 0.45
CG 59.43 ± 5.99 68.86 ± 8.13 60.57 ± 9.11 Group 0.012 (1,22) 0.914 0.00
d 0.69 0.04 0.64 T*G 5.302 (1,22) 0.010 0.24

Psychological
MTG 51.85 ± 13.45 65.18 ± 18.72 a 65.93 ± 14.02 a Time 9.946 (1,22) < 0.001 0.37
CG 55.67 ± 8.32 65.67 ± 8.47 60.00 ± 10.18 Group 0.013 (1,22) 0.911 0.00
d 0.23 0.04 0.42 T*G 1.611 (1,22) 0.215 0.09

Social relationships
MTG 51.85 ± 13.45 65.18 ± 18.72 65.93 ± 14.02 Time 1.051 (1,22) 0.361 0.06
CG 55.67 ± 8.32 65.67 ± 8.47 60.00 ± 10.18 Group 1.217 (1,22) 0.285 0.07
d 0.05 0.36 0.53 T*G 0.535 (1,22) 0.591 0.03

Environmental
MTG 48.61 ± 9.36 62.78 ± 10.42 a 63.06 ± 9.66 a Time 20.004 (1,22) < 0.001 0.54
CG 55.25 ± 9.24 59.50 ± 12.35 60.25 ± 13.51 Group 0.002 (1,22) 0.968 0.00
d 0.53 0.22 0.20 T*G 5.229 (1,22) 0.010 0.24

Total
MTG 53.30 ± 10.48 66.13 ± 12.71 a 67.50 ± 10.03 a Time 11.958 (1,22) < 0.001 0.41
CG 58.07 ± 3.66 64.20 ± 5.22 60.90 ± 6.10 Group 72.719 (1,22) < 0.001 0.81
d 0.42 0.12 0.63 T*G 24.952 (1,22) < 0.001 0.60

K-HDRS (score)
MTG 17.56 ± 7.35 11.00 ± 1.22 a 11.89 ± 2.03 Time 13.312 (1,22) < 0.001 0.44
CG 17.60 ± 4.20 12.20 ± 1.75 a 13.00 ± 1.94 Group 0.781 (1,22) 0.389 0.04
d 0.01 0.69 0.45 T*G 0.131 (1,22) 0.877 0.01

Variables expressed the mean ± standard deviation. a, p < 0.05 compared to PRE in within groups. Abbreviation.
MTG, marine therapy group; CG, control group; PRE, pre intervention; PI, post intervention; FU, follow-up,
K-WHOQOL-BREF, Korean version of world health organization quality of life instrument-short version; QOL &
GH, quality of life and general health; K-HDRS, Korean version-Hamilton Depression Rating Scale; Cohen’s d,
small ≥0.2, medium ≥0.5, large ≥0.8; η2, small ≥0.10, medium ≥0.25, large ≥0.40.

4. Discussion

This study investigates the effects of the marine healing program using meditation
combined with stabilization exercise on pain, tactile sense, muscle characteristics, muscle
strength, balance, quality of life, and depression in female caregivers of people with severe
physical disabilities.

Both groups significantly improved resting pain, right pinch grip strength, and depres-
sion, and showed a large (resting pain: η2 = 0.81, depression: η2 = 0.44) and medium (right
pinch grip strength: η2 = 0.24) effect size. In particular, the MTG showed significant im-
provement in movement pain, tactile sense, bilateral hand & pinch grip strength, dynamic
balance, and QoL. In addition, the effect of intervention lasted for a month in all variables
except right pinch grip strength. The previous study suggested the positive effects of medi-
tation and exercise in improving college students’ emotions and attention regulation [38].
We modified these methods by considering the characteristics of female caregivers.

Although the two groups performed the same interventions, the effect size in resting
pain (MTG: d = 2.65, CG: d = 1.50) and movement pain (MTG: d = 2.08, CG: d = 0.51) was
different, and the follow-up effect was also different in resting pain (MTG: d = 2.27, CG:
d = 0.45) and movement pain (MTG: d = 1.75, CG: d = 0.30). Stabilization exercise reduces
pain by improving the function of the trunk and the respiratory function [39], enhances
the quality of distal limb movement [41,42], and can help induce maximum muscular
strength [43]. It has also been reported to effectively alleviate non-specific neck pain and
shoulder pain [44–48] and improve physical functions such as muscle strength, balance
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ability, and range of motion [49–52]. Meditation can also reduce pain in patients with
chronic pain [53]. It effectively reduces pain in various target groups, such as low back pain,
fibromyalgia, and musculoskeletal pain [54–56]. Meditation causes mental and physical
stability, inhibition of the sympathetic nervous system activity, and decreased automatic
parameters such as heart rate, respiration rate, and adrenergic responsiveness [57,58].
Sympathetic nerve activity can increase pain in the pathological state [59], and it is believed
that a decrease in sympathetic nerve activity through meditation reduces pain.

A previous study [60] showed that chronic low back pain was reduced by 38.55% by
applying stabilization exercise to caregivers five times a week for eight weeks. In the pain
of our results, the CG showed no significant improvements, whereas the MTG showed
66.5–71.0% pain relief despite short-term intervention. Through this, it can be inferred
that the environmental factor, marine scenery, can be an important mediating variable in
improving pain. In addition, compared to previous studies, the CG of this study showed
no improvement in all variables except pain intensity (resting pain), right pinch grip,
and depression [49,50]. This difference is assumed to be due to the intervention period.
While previous studies applied long-term exercise of 6–8 weeks, this study applied only
a relatively short-term (three nights and four days) [49,50]. A previous study reported
an improvement in grip strength of about 2.48 kg in cancer caregivers after 12 weeks of
exercise [61]. Although this study and our study had environmental differences between
the subjects, it showed that long-term exercise intervention was more effective than short-
term exercise intervention in improving the caregiver’s strength (4 weeks: 0.3–0.6 kg vs.
12 weeks: 2.48 kg).

There were significant time × group interactions on resting pain, movement pain,
tactile sense, left grip strength, and physical health and environmental domains of QoL, with
small (tactile sense: η2 = 0.11 in upper part, η2 = 0.19 in lower part; QoL: η2 = 0.24 in physical
health, η2 = 0.24 in environmental domain), medium (left grip strength: η2 = 0.28, movement
pain: η2 = 0.27), large (resting pain: η2 = 0.58) effect size. This difference is presumed
to be due to the environmental characteristics of the urban region and marine regions
environmental characteristics. The appreciation of natural scenery can promote cortisol
reduction and serotonin secretion in the blood, improve mental and physical stability and
emotional control, and allow the mind to relax [62]. These physical, psychological, and
physiological changes could relieve musculoskeletal pain. Compared to the urban region,
the subjects who performed the intervention in the marine region were exposed to many
visual stimuli such as marine scenery, auditory stimuli such as the sound of the sea, and
tactile stimuli such as sea sand and sea. The sea sand provides an unstable ground to
the subject due to its mechanical properties, which require more physical muscle activity
to maintain posture and perform movements [19]. In the body in contact with marine
resources, sensory improvement can be promoted through more mechanical stimulation
and proprioceptive sensory stimulation. In addition, natural ocean sounds can provide
relaxation and improvement of mood to subjects as white noise [17]. Stimulation of
these various sensory and motor nerves can further promote nerve activation through
spatial summation and, together with it, can more effectively improve individual sensory
perception. Similar to our results, Choi et al. reported that environmental factors were
effective on subjects’ upper extremity muscle activity [63].

TSA showed a significant time × group interaction, and showed small (upper part:
η2 = 0.11, lower part: η2 = 0.19) effect size. The MTG showed significant improvements at
PI and FU, and showed large effect size in PI (upper part: d = 1.32, lower part: d = 1.11) and
follow (upper part: d = 1.33, lower part: d = 0.92). The CG showed a tendency to improve
TSA, but it was not significant. As the accuracy of the tactile sense is improved, the subject’s
TSA value is lowered, which means that the subject’s ability to distinguish two nearby
objects touching the skin is improved. This tactile sense can be reduced due to disease
and aging, and a previous study suggested that prolonged mechanical noise improved the
tactile sense [64]. We mentioned earlier that various sensory stimuli could be given to the
subject in the marine region. In particular, it is presumed that multiple mechano-tactile
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stimuli such as sea sand, sea breeze, and seawater improved the tactile sense of the skin. In
addition, pain relief by our intervention is considered a factor that improved TSA. Diseases
and pain can induce changes in various functions of the body and the tactile sense [65,66].
Physiologically, pain can inhibit and reduce sensory transmission in surrounding tissues
by lateral inhibition, interfering with the transmission of mechano-tactile sensation felt in
the body surface area [67]. In this study, the pain was relieved through interventions such
as appropriate exercise, meditation, and environmental factors such as the marine scenery.
It is assumed that these physical benefits affected the improvement of TSA.

In this study, the MTG showed significant improvement in physical health, psycho-
logical, environment, total of QoL, and depression at PI, with medium (psychological:
d = 0.71) and large (physical health: d = 1.10, environment: d = 1.19, total: d = 0.93, depres-
sion: d = 0.89) effect size. The effect of intervention lasted for one month only in physical
health, environment, and a total of QoL, and showed large (physiological health: d = 1.25,
psychological: d = 0.84, environment: d = 1.25, total: d = 1.12, depression: d = 2.09) effect size.
However, the CG showed significant improvement only in depression after the intervention
with large (d = 1.23) effect size, and the effect of the intervention did not last. A study by
Hughes (2013) reported that an 8-week meditation program had a positive effect on the
stress of prehypertension participants [68], and several studies have reported that QoL and
depression were improved through meditation [69–71]. In addition, there was a report that
QoL was improved by applying the stabilization exercise intervention [45,72]. It is known
that even short-term resistance exercises can reduce psychological discomfort [73]. These
results are assumed to have also affected the reduction of pain. Pain is one of the factors that
increase depression and lowers QoL by causing one complaint about discomfort [74,75]. In
the results of this study, the pain was significantly reduced along with the improvement
of QoL and depression. Like our results, previous studies were also accompanied by
improvement in QoL, depression, and pain [76–78]. In addition, in the comparison between
the MTG and CG, significant time × group interactions were shown in physical health,
environmental, and a total of QoL. It is thought that the environment factor had a positive
effect on QoL in addition to the effect of the program composed of meditation and the
stabilization exercise. In a study by Kim and Koo (2019), it was reported that a healing
program that included appreciation of the natural scenery improved depression and QoL
of elderly persons living alone [79], and in a study by Lee et al. (2018) it was reported
that mental-physical intervention using marine resources had a positive effect on QoL,
psychology, and cognitive function [80]. For this reason, it is believed that the MTG had a
positive effect on QoL and depression in this study and showed better results than the CG.

This study suggests that meditation and physical exercise are effective for improving
the physical and mental health of caregivers of people with disabilities, and it can also
be seen that performing them in the marine region is more effective. Although marine
therapy has a positive effect, it is necessary to move to a marine area to perform it. It is
also accompanied by problems of travel time and cost. It may be difficult for caregivers to
do this due to economic and environmental constraints. From the control group results in
this study, we suggest that performing both interventions in a city could be an alternative
method. It requires a relatively low budget and few restrictions on moving to a place and
time. In addition, although it was not identified in our study, various sensory stimuli can
be provided even in an urban environment through environmental manipulation, such as
walking on sand or various sounds, and various positive effects can be expected through
changes in meditation and exercise programs and additional programs such as painting. A
clear effect and mechanism for this will be elucidated in future studies.

There are several limitations in this study. First, we applied a total of 8 sessions for
3 nights and 4 days, and this is the effect of a short-term intervention. Hence further
research is required to clarify the long-term intervention effect. Second, the subjects who
participated in this study were all women, so the effect of the marine healing program on
male caregivers is still unclear. Third, the degree of physical activity in daily life other than
the intervention could not be restricted. Fourth, the participant had an average care period
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of about 20 months, so it cannot be generalized for caregivers with longer care periods.
Therefore, future studies that show the long-term effects on a wider range of caregivers
such as care period and gender are needed.

5. Conclusions

This study demonstrated that meditation combined with stabilization exercise ef-
fectively improved pain, pinch grip-related muscle strength, and depression in female
caregivers. In addition, it was confirmed that if these interventions were performed in the
marine region, it was also effective in improving tactile sense, muscle strength related to
handgrip, balance, and quality of life. In particular, the intervention performance in the
marine region showed more significant improvement in pain and tactile sense than in the
urban region. Although the same degree of intervention was applied to caregivers, there
was a difference in effectiveness between the urban and marine regions. It is presumed that
this was caused by providing more diverse sensory stimuli through white noise such as
the sea sound and unstable ground such as sea sand. We suggest meditation and exercise
intervention in the marine region to relieve the physical and mental burden and improve
the quality of life of female caregivers.
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47. Başkurt, Z.; Başkurt, F.; Gelecek, N.; Özkan, M.H. The effectiveness of scapular stabilization exercise in the patients with
subacromial impingement syndrome. J. Back Musculoskelet. Rehabil. 2011, 24, 173–179. [CrossRef] [PubMed]

48. Moezy, A.; Sepehrifar, S.; Solaymani Dodaran, M. The effects of scapular stabilization based exercise therapy on pain, posture,
flexibility and shoulder mobility in patients with shoulder impingement syndrome: A controlled randomized clinical trial. Med. J.
Islamic Repub. Iran 2014, 28, 87.

49. Kobesova, A.; Dzvonik, J.; Kolar, P.; Sardina, A.; Andel, R. Effects of shoulder girdle dynamic stabilization exercise on hand
muscle strength. Isokinet. Exerc. Sci. 2015, 23, 21–32. [CrossRef]

50. Thomas, E.M.; Sahlberg, M.; Svantesson, U. The effect of resistance training on handgrip strength in young adults. Isokinet. Exerc.
Sci. 2008, 16, 125–131. [CrossRef]

51. Hwang, B.J.; Kim, J.W. Effects of lumbar stabilization exercise on lumbar and lower extremity strength of the elderly women. J.
Korean Soc. Phys. Med. 2011, 6, 267–275.

52. Lee, W.J.; Lim, C.H. Effect of unstable surface lumbar stabilization exercise on trunk posture and balance ability in patients with
scoliosis. J. Korean Soc. Phys. Med. 2012, 7, 59–67. [CrossRef]

53. Kabat-Zinn, J.; Lipworth, L.; Burney, R. The clinical use of mindfulness meditation for the self-regulation of chronic pain. J. Behav.
Med. 1985, 8, 163–190. [CrossRef]

54. Cramer, H.; Haller, H.; Lauche, R.; Dobos, G. Mindfulness-based stress reduction for low back pain. A systematic review. BMC
Complementary Altern. Med. 2012, 12, 162. [CrossRef] [PubMed]

55. Lauche, R.; Cramer, H.; Dobos, G.; Langhorst, J.; Schmidt, S. A systematic review and meta-analysis of mindfulness-based stress
reduction for the fibromyalgia syndrome. J. Psychosom. Res. 2013, 75, 500–510. [CrossRef]

56. Lee, C.; Crawford, C.; Hickey, A.; Active Self-Care Therapies for Pain (PACT) Working Group. Mind-body therapies for the
self-management of chronic pain symptoms. Pain Med. 2014, 15 (Suppl. 1), S21–S39. [CrossRef] [PubMed]

57. Aftanas, L.; Golosheykin, S. Impact of regular meditation practice on EEG activity at rest and during evoked negative emotions.
Int. J. Neurosci. 2014, 115, 893–909. [CrossRef]

58. Aftanas, L.I.; Golocheikine, S.A. Non-linear dynamic complexity of the human EEG during meditation. Neurosci. Lett. 2002, 330,
143–146. [CrossRef]

59. Benarroch, E.E. Pain-autonomic interactions. Neurol. Sci. 2006, 27 (Suppl. 2), S130–S133. [CrossRef]
60. Lee, J.M.; Yi, C.H.; Kwon, O.Y.; Jeon, H.S. The effect of lumbar stabilization exercise for caregivers with chronic low back pain.

Phys. Ther. Korea 2011, 18, 9–17.
61. Cuthbert, C.A.; King-Shier, K.M.; Ruether, J.D.; Tapp, D.M.; Wytsma-Fisher, K.; Fung, T.S.; Culos-Reed, S.N. The Effects of Exercise

on Physical and Psychological Outcomes in Cancer Caregivers: Results From the RECHARGE Randomized Controlled Trial. Ann.
Behav. Med. 2018, 52, 645–661. [CrossRef]

62. Park, B.J.; MIYAZAKI, Y. Physiological effects of viewing forest landscapes: Results of field tests in Atsugi city, Japan. J. Korean
Soc. For. Sci. 2008, 97, 634–640.

63. Choi, J.H.; Kim, H.J. The Effect of 12-week forest walking on functional fitness and body image in the elderly women. J. Korean
Inst. For. Recreat. Welf. 2017, 21, 47–56. [CrossRef]

64. Cloutier, R.; Horr, S.; Niemi, J.B.; D’Andrea, S.; Lima, C.; Harry, J.D.; Veves, A. Prolonged mechanical noise restores tactile sense
in diabetic neuropathic patients. Int J Low Extrem Wounds 2009, 8, 6–10. [CrossRef] [PubMed]

65. Luedtke, K.; Adamczyk, W.; Mehrtens, K.; Moeller, I.; Rosenbaum, L.; Schaefer, A.; Schroeder, J.; Szikszay, T.; Zimmer, C.;
Wollesen, B. Upper cervical two-point discrimination thresholds in migraine patients and headache-free controls. J Headache Pain
2018, 19, 47. [CrossRef] [PubMed]

http://doi.org/10.1155/2013/984678
http://www.ncbi.nlm.nih.gov/pubmed/23935694
http://doi.org/10.12659/MSM.913036
http://doi.org/10.1682/JRRD.2005.11.0172
http://doi.org/10.51248/.v40i2.79
http://doi.org/10.2519/jospt.2016.5979
http://www.ncbi.nlm.nih.gov/pubmed/26755405
http://doi.org/10.1016/j.math.2015.07.003
http://doi.org/10.3233/BMR-2011-0291
http://www.ncbi.nlm.nih.gov/pubmed/21849731
http://doi.org/10.3233/IES-140560
http://doi.org/10.3233/IES-2008-0307
http://doi.org/10.13066/kspm.2012.7.1.059
http://doi.org/10.1007/BF00845519
http://doi.org/10.1186/1472-6882-12-162
http://www.ncbi.nlm.nih.gov/pubmed/23009599
http://doi.org/10.1016/j.jpsychores.2013.10.010
http://doi.org/10.1111/pme.12383
http://www.ncbi.nlm.nih.gov/pubmed/24734857
http://doi.org/10.1080/00207450590897969
http://doi.org/10.1016/S0304-3940(02)00745-0
http://doi.org/10.1007/s10072-006-0587-x
http://doi.org/10.1093/abm/kax040
http://doi.org/10.34272/forest.2017.21.3.005
http://doi.org/10.1177/1534734608330522
http://www.ncbi.nlm.nih.gov/pubmed/19129201
http://doi.org/10.1186/s10194-018-0873-z
http://www.ncbi.nlm.nih.gov/pubmed/29943146


Int. J. Environ. Res. Public Health 2022, 19, 6025 17 of 17

66. Moseley, L.G.; Zalucki, N.M.; Wiech, K. Tactile discrimination, but not tactile stimulation alone, reduces chronic limb pain. Pain
2008, 137, 600–608. [CrossRef] [PubMed]

67. Quevedo, A.S.; Mørch, C.D.; Andersen, O.K.; Coghill, R.C. Lateral inhibition during nociceptive processing. Pain 2017, 158,
1046–1052. [CrossRef]

68. Hughes, J.W.; Fresco, D.M.; Myerscough, R.; van Dulmen, M.H.; Carlson, L.E.; Josephson, R. Randomized controlled trial of
mindfulness-based stress reduction for prehypertension. Psychosom. Med. 2013, 75, 721–728. [CrossRef]

69. Innes, K.E.; Selfe, T.K.; Khalsa, D.S.; Kandati, S. Effects of meditation versus music listening on perceived stress, mood, sleep,
and quality of life in adults with early memory loss: A pilot randomized controlled trial. J. Alzheimer’s Dis. 2016, 52, 1277–1298.
[CrossRef]

70. Chandran, S.; Raman, R.; Kishor, M.; Nandeesh, H.P. The effectiveness of mindfulness meditation in relief of symptoms of
depression and quality of life in patients with gastroesophageal reflux disease. Indian J. Gastroenterol. 2019, 38, 29–38. [CrossRef]

71. Serpa, J.G.; Taylor, S.L.; Tillisch, K. Mindfulness-based stress reduction (MBSR) reduces anxiety, depression, and suicidal ideation
in veterans. Med. Care 2014, 52, S19–S24. [CrossRef]

72. Im, B.; Kim, Y.; Chung, Y.; Hwang, S. Effects of scapular stabilization exercise on neck posture and muscle activation in individuals
with neck pain and forward head posture. J. Phys. Ther. Sci. 2016, 28, 951–955. [CrossRef]
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