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Abstract: The purpose of this study was to verify the effect of deep-sea water thalassotherapy (DSWTT)
on recovery from fatigue and muscle damage. The same exercise program is conducted in general
underwater and deep-sea water to confirm the characteristics of deep-sea water through fatigue
recovery and muscle damage enzymes. A total of 30 male college students were studied, including 10
belonging to the control group (CG), 10 in the water exercise group (WEG), and 10 in the deep-sea
water exercise group (DSWEG). The DSWTT treatment consists of three components—preheating,
treatment, and cooling—and the DSWTT program stretches and massages the entire upper body,
lower body, back, and the entire body for a total of 25 min in a deep-sea tank. After the DSWTT
program, blood tests were conducted to confirm the level of fatigue-related parameters and muscle
damage enzymes. Fatigue-related parameters including glucose, lactate, ammonia, and lactate
dehydrogenase (LDH), and the levels of muscle damage enzymes such as creatinine kinase (CK) and
aspartate aminotransferase (AST) were measured. The results revealed that fatigue had a primary
effect (p < 0.001) and exhibited strongly significant interaction (p < 0.001) with lactate, ammonia,
and LDH levels, whereas the glucose level remained unchanged. The post hoc results showed a
significant decrease in these parameters among DSWEG compared to CG and WEG (p < 0.01). Muscle
damage enzymes showed a main effect (p < 0.001) and significant interaction (p < 0.001) with CK and
AST (p < 0.001). The post hoc results showed a significant decrease in DSWEG compared with CG
and WEG (p < 0.01). In conclusion, the DSWTT program applied to this study showed significant
effects on muscle fatigue and muscle damage recovery. When the DSWTT program is applied in
hot springs, it can have a positive effect on muscle fatigue and muscle damage recovery and can
contribute to improving national health and quality of life. Further studies are needed to investigate
DSWTT programs with various research subjects at different program temperatures, exercise times,
and frequencies of treatment and exercise.
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1. Introduction

In recent years, both men and women have become interested in effective physical activity and
healing while pursuing a healthy life. As a result of the increase in interest, studies on physical recovery
programs such as fatigue recovery and muscle damage due to various sports and physical activities
are actively being conducted [1,2]. Fatigue is a decline in mental and physical functions that occur
accompanied by continuous or repeated mental and physical work and is an indicator of physiological
stress, defensive response, or pathological precursor [3]. Therefore, fatigue and muscle damage caused
by physical and mental activity are common early symptoms of many diseases [4]. In addition, fatigue
may degrade the quality of life of daily life [5], cause physiological homeostasis disorder, and develop
into a disease or a chronic disease, which may result in decreased physical and mental functions [6].

Fatigue is triggered by a peripheral signal from the brain, which inhibits the motor system, and
thereby the mobilization of exercise units, and it is controlled by accumulation of metabolites or energy
depletion [7]. The accumulation of these fatigue substances is important to prevent exercise-related
injuries caused by fatigue, depending on the intensity, time, shape, and environment [8,9].

Methods to promote recovery from fatigue include static measures such as rest or sleep and
dynamic elements such as bathing, massage, and gymnastics. Among the bathing methods performed
underwater, the recovery in hot water (37~38 ◦C) is known to activate blood circulation by reducing
the imbalance of the upper and lower limbs of the body [10]. It can also increase muscle fatigue and
resilience to muscle damage by not only adding pressure to the muscles but also carrying heat to the
muscle tissue [11]. Ice fomentation at low temperature (15 ◦C) is known to relieve excitement of the
central nervous system and promote the removal of metabolites [12,13]. The detailed mechanism
underlying recovery from fatigue using water therapy has yet to be reported.

However, regular exercise has a positive effect on prevention and treatment of lifestyle diseases by
decreasing the risk factors of cardiovascular disease and metabolic syndrome, but it also has a negative
effect depending on exercise intensity. In particular, high-intensity exercise causes muscle damage
and damage to human tissues due to upper respiratory tract infection, inhibition of immune system
function, increased lipid peroxidation, and reduction in antioxidant enzymes [14].

The exercise-induced muscle damage is caused by one-time or long-term muscle cell and tissue
damage, which can be indirectly predicted by the blood concentration of enzymes such as creatinine
kinase (CK) and lactate dehydrogenase (LDH) released from muscle tissue following exercise [15,16].
According to Yeom’s [17] study, treadmill exercise was performed until the time when the exercise
intensity consumed energy of 40, 60, and 80% to 200, 400, and 600 kcal of VO2max, and all creatine
phosphokinase(CPK) was significantly higher; the CPK concentration changed according to the exercise
intensity and momentum.

These changes in CPK serve as biochemical variables of exercise and physical strength. They are
used as indirect indicators of muscle damage and inflammation such as cell membrane destruction
and tissue necrosis in long-term exercise or high-intensity exercise. The increase in LDH and CPK
levels in the blood is attributed to damaged muscle fibers due to excessive exercise, resulting in muscle
pain and muscle fatigue, which can lead to declining performance and exercise-related injuries.

The underwater treatment program reduces the load on the body weight and leads to greater joint
movement than the ground treatment program [18], which is predicted to improve the range of motion
(ROM) quickly and effectively [19] by promoting recovering from muscle damage after vigorous
exercise. In recent years, the application of thalassotherapy (TT; derivation of Greek Thalassa, which
means the sea) using deep-sea water (DSW), characterized by low temperature stability, eutrophic,
clean, and anti-aging properties [20], has become a hot topic in the field of water therapy.

The progress of the study, which restores fatigue and muscle damage quickly after physical activity,
can be a great help in restoring physical condition and improving exercise ability. The underwater
treatment program increases blood flow to the muscle, which leads to recovery from muscle tension [21]
and facilitates the elimination of metabolic byproducts by improving venous reflux rate [22]. However,
most studies have shown that there are treatments in the water, but the treatments using hot spring
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water have not been reported yet [23], and the effect of DSW-based fatigue and muscle injury recovery
programs on exercise physiology has yet to be demonstrated.

Therefore, this study is to verify the effect on fatigue and muscle damage recovery through an
exercise program based on deep-sea water thalassotherapy (DSWTT) and to confirm the characteristics
of DSW.

2. Materials and Methods

2.1. Subjects

The subjects of this study were a selected group of Korean male college students in their 20s.
Subjects with a history of neurosurgical and orthopedic issues within 6 months of the measurement
date were excluded from the study if they were associated with musculoskeletal problems interfering
with the water treatment and DSWTT programs. In addition, participants were randomly selected
from numbers 1 to 30, and participants were randomly assigned to each group, and the experiment
was conducted in compliance with the ethical principles of the Helsinki Declaration. During the
DSWTT program, the participants were photographed, and the photographs taken were agreed to be
used in the thesis. A total of 30 participants were classified equally as 10 as control group (CG), 10 as
water exercise group (WEG), and 10 as deep-sea water exercise group (DSWEG). The general physical
characteristics of the subjects are shown in Table 1.

Table 1. General characteristics of subjects.

Groups
(n)

Age
(year)

Height
(cm)

Weight
(kg)

Body Fat
(%)

SBP
(mmHg)

DBP
(mmHg)

Shuttle Run
Round Trip

Times (time)

CG
(n = 10) 20.50 ± 2.01 173.31 ± 2.97 71.52 ± 10.16 16.46 ± 3.49 121.50 ± 3.37 81.00 ± 6.14 83.80 ± 7.00

WEG
(n = 10) 20.09 ± 2.07 174.61 ± 6.39 73.25 ± 10.46 17.25 ± 2.96 122.00 ± 3.49 80.50 ± 5.98 88.10 ± 7.82

DSWEG
(n = 10) 20.70 ± 2.11 173.94 ± 2.74 73.42 ± 9.59 18.42 ± 2.89 122.50 ± 3.53 79.50 ± 7.24 88.80 ± 7.13

Means ± S.D. SBP: systolic blood pressure, DBP: diastolic blood pressure, CG: control group, WEG: water exercise
group, DSWEG: deep-sea water exercise group.

2.2. DSWTT Treatment Program

The water therapy and DSWTT programs administered in this study are presented in Table 2.
After fatigue induced by exercise program progression, the subjects were asked to identify the effects
of DSWTT program on fatigue recovery and muscle damage enzymes.

The subjects in WEG actively participated in a water treatment program involving a tap-water
bath (standard 3 × 3 × 1.5 m, horizontal × vertical × height) maintained at 34 ± 1 ◦C. The subjects
in the DSWEG actively performed the same DSWTT program similar to the WEG but in a deep-sea
water bath, which was maintained at 34 ± 1 ◦C (Figure 1). The subjects in the CG underwent dynamic
recovery on the ground. The subjects of the study, which were first conducted by research director by
group, were thoroughly educated in advance to perform the program with an accurate attitude on the
DSWTT program (lower body, upper body, back body, whole body).

The DSWTT program was used by reconstructing the items used by Kim et al. The program was
organized in the order of warm-up, treatment (lower body, upper body, back, body stretching and
massage treatment), and cool-down phases. The time required for each phase was 2~5 min, lasting a
total of 25 min. The DSWTT program consists of 7 lower body exercises, 8 upper body exercises, and 2
full body exercises. Each action was performed by an expert. The composition of the DSWTT program,
treatment sites, and the time are shown in Table 2.
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Table 2. Thalassotherapy using deep-sea water.

Stage Treatment Method Time
(min)

Warm-up Floating (floating belts on wrists and ankles) 2

Lower body

Ankle stretch (left, right)

5
Toe stretching (left, right)
Foot pressure (left, right)

Knee stretching (left, right)
Gastrocnemius massage

5Hamstring massage
Holding your feet and rock them up and down

Upper body

Wrist stretch (left, right)

3
Finger stretch (left, right)
Palm pressure (left, right)

Arm stretch (left, right)
Shoulder stretch (left, right)

Fore-arm massage
3Upper arm massage

Holding your arms and rocking them up and down

Back
Neck massage

2Back massage

Body as a whole Stimulation of arms, legs, and sides (left, right)
2Keeping your back up

Cool-down Floating (floating belts on wrists and ankles) 3

Total 25
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Figure 1. Deep-sea water thalassotherapy (DSWTT) treatment program: (a) floating; (b) lower body.

In the DSWTT program environment, DSWEG was warmly heated with a regenerative boiler
using the unique characteristics and properties of DSW with 34.03% salinity and pH 7.81 water depth
of 0.5 m. The main elements included magnesium 1270 mg/L, calcium 367 mg/L, potassium 357 mg/L,
sodium 11,033 mg/L, manganese 1.9 mg/L, zinc 0.68 mg/L, and iron 018 mg/L. WEG used tap water
supplied by K-water to warm up. Considering the characteristics of this study, a special bathtub was
installed in the room 3 × 3 × 1.5 m (horizontal × vertical × height), and the program was applied while
maintaining a depth of 1.2 ± 0.1 m.

2.3. Measurement Parameters and Method

2.3.1. Fatigue Inducement Test

The fatigue inducement test was conducted using the 20 m shuttle run test (20 m multi-shuttle run
test; 20 m-MST) designed by Leger and Lambert [24] and conducted by the “National Fitness Award
100 Center” of Korea, C university. The 20 m-MST method involves long-distance driving at a length of
20 m and speeds up every minute. The 20 m section was initially measured using a cassette that started
to walk at a speed of 8.5 km/h and was set to increase the beep interval by 0.5 km/h every minute.
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The subjects were started by a beep. It was impossible to continue running according to the beep after
running for 20 m based on a regularly accelerating audio rhythm, and when the rhythm could not be
followed more than twice (about 3 m behind), the shuttle run test was completed for each individual
(Figure 2). After the shuttle run, the recovery program started immediately without a time interval.
The number of round trips to and from the finished 20 m section was recorded, and the number of
recorded numbers is in Table 3 [25]. The data designed by the study were used, and using Table 3,
we calculated the acceleration by section, and the performance ability of the subjects was the difference
according to individual difference; so, when the two times did not follow the standard, it was selected
as the maximum exercise.
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Table 3. Sectional acceleration of shuttle run test.

Stage (Numbers) Period (s) Speed (km/h)

Level 1 (7) 9.0 8.5
Level 2 (7) 8.5 9.0
Level 3 (8) 8.0 9.5
Level 4 (8) 7.6 10.0
Level 5 (8) 7.2 10.5
Level 6 (9) 6.9 11.0
Level 7 (9) 6.6 11.5
Level 8 (10) 6.3 12.0
Level 9 (10) 6.0 12.5

Level 10 (10) 5.8 13.0
Level 11 (11) 5.5 13.5
Level 12 (12) 5.3 14.0
Level 13 (13) 5.1 14.5
Level 14 (14) 5.0 15.0
Level 15 (15) 4.8 15.5
Level 16 (16) 4.7 16.0
Level 17 (17) 4.5 16.5
Level 18 (18) 4.4 17.0
Level 19 (19) 4.2 17.5
Level 20 (20) 4.1 18.0

2.3.2. Blood Test

Blood tests were performed to ensure the reliability of the test data, and blood was collected by
clinical pathologists 3 times in total (Figure 3). The first test was conducted at the laboratory 30 min
before the start of the experiment and was collected under a stable time. The second test was performed
immediately after the artificial fatigue inducement exercise (20 m shuttle run test). The third test was
performed after 25 min of treatment program.
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Blood samples (10 mL each) were collected from the subjects’ upper veins and were centrifuged at
3000 rpm for 5 min and stored at −70 ◦C until analysis. The samples were collected by the Clinical
Pathology Department of the E Medical Foundation (Seoul, Korea), and the fatigue parameters and
muscle damage enzymes were analyzed. The fatigue parameters included lactate, ammonia, glucose,
and LDH. The muscle damage enzymes included CK and aspartate aminotransferase (AST).

2.3.3. Statistical Analysis

The statistical differences were calculated using the SPSS Version 18.0 program, and the average
difference between groups was measured by 3 × 3 repeated measurements of the group and the
measurement time as independent variables (two-way ANOVA with the measurements). Measurements
were taken three times pre-exercise, post-exercise, and post-treatment. A two-way repeated measures
ANOVA was performed when the main effect and the interaction effects between the group and the
measurement time were significant. The significance level of statistical analysis was set to α = 0.05.

3. Results

3.1. Fatigue Recovery

The changes in fatigue recovery after the DSWTT program are shown in Table 4.

Table 4. Changes in fatigue recovery parameters.

Item Groups
Test

Source F-Value
Pre-Exercise Post-Exercise Post-Treatment

Glucose
(mg/dL)

CG 95.30±10.49 102.20 ± 15.99 101.50 ± 12.40 Test 2.132
WEG 96.50 ± 9.05 103.00 ± 18.79 99.30 ± 13.40 Group 0.917

DWEG 91.70 ± 9.92 98.70 ± 13.46 95.23 ± 15.13 $ Group × Test 0.130

Lactate acid
(mmol/L)

CG 1.93 ± 0.35 14.29 ± 2.26 10.09 ± 2.34 Test 163.629 ***
WEG 1.83 ± 0.40 13.85 ± 1.09 8.69 ± 2.65 $ Group 1.031

DWEG 2.11 ± 0.39 17.44 ± 3.93 4.72 ± 2.57 # Group × Test 13.307 ***

Ammonia
(umol/L)

CG 23.20 ± 2.78 53.30 ± 6.07 44.30 ± 4.62 Test 176.681 ***
WEG 21.50 ± 3.37 50.70 ± 6.94 39.60 ± 7.64 $ Group 3.383 *

DWEG 24.50 ± 4.67 52.82 ± 5.65 28.80 ± 4.58 # Group × Test 22.487 ***

LDH (U/L)
CG 199.50 ± 32.22 258.20 ± 29.93 247.50 ± 35.69 Test 12.196 **

WEG 189.80 ± 34.38 249.50 ± 31.92 234.30 ± 33.92 Group 6.390 **
DWEG 178.40 ± 34.81 252.30 ± 21.83 158.80 ± 31.77 # Group × Test 9.972 ***

Means ± S.D., *: p < 0.05, **: p < 0.01, ***: p < 0.001, $: significantly different from CG, #: significantly different from
within the group, LDH: lactate dehydrogenase, CG: control group, WEG: water exercise group, DWEG: deep-sea
water exercise group.

Glucose was not significantly different in the analysis of interaction effects between the groups
and the measurement time, the main effect according to the measurement time. Lactic acid showed
a significant difference in the interaction (p < 0.001) between the group and the measurement time
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(p < 0.01). However, there was no difference between the groups at the time of measurement. The post
hoc analysis showed that DSWEG significantly decreased after program following maximum exercise
(p < 0.01), and WEG significantly decreased after CG (p < 0.05).

Ammonia showed a significant difference in the main effect of measurement (p < 0.001) between
groups within the measurement time (p < 0.05), and the interaction effect (p < 0.01) between the
group and the measurement time. The post hoc analysis showed that DSWEG significantly decreased
after the program following maximum exercise (p < 0.01), and WEG significantly decreased after CG
(p < 0.05). LDH showed a significant difference in the main effect of measurement (p < 0.001) between
groups within the measurement time (p < 0.01), and the interaction (p < 0.01) between the group and
the measurement time. The post hoc analysis revealed that DSWEG significantly decreased after the
maximum exercise program in the CG and WEG (p < 0.01).

3.2. Enzymes Released in Muscle Damage

The changes in enzymes released in muscle damage following the DSWTT program are shown in
Table 5.

Table 5. Changes in enzyme levels during exercise-induced muscle damage.

Item Groups
Test

Source F-Value
Pre-Exercise Post-Exercise Post-Treatment

CK(U/L)
CG 175.00 ± 37.16 236.80 ± 62.58 231.90 ± 61.00 Test 14.867 ***

WEG 185.60 ± 35.31 251.00 ± 31.36 210.90 ± 18.08 $ Group 0.208
DWEG 180.00 ± 33.71 267.80 ± 37.50 171.90 ± 28.51 # Group × Test 8.582 ***

AST(U/L)
CG 20.10 ± 3.72 24.90 ± 5.23 28.10 ± 5.87 Test 25.793 ***

WEG 19.30 ± 4.11 27.20 ± 3.35 25.20 ± 3.25 $ Group 1.547
DWEG 20.30 ± 4.05 28.50 ± 4.14 16.80 ± 2.44 # Group × Test 26.831 ***

Means ± S.D., *: p < 0.05, **: p < 0.01, ***: p < 0.001, $: significantly different from CG, #: significantly different from
within the group, CK: creatinine kinase, AST: aspartate aminotransferase, CG: control group, WEG: water exercise
group, DWEG: deep-sea water exercise group.

CK showed a significant difference in the interaction (p < 0.001) between the groups and
the measurement time (p < 0.001). However, there was no difference between the groups at the
time of measurement. The post hoc analysis showed that DSWEG significantly decreased after
program following maximum exercise (p < 0.01), and WEG significantly decreased after CG (p < 0.05).
AST showed a significant difference in the interaction (p < 0.001) between the group and the measurement
time (p < 0.001). However, there was no difference between the groups at the time of measurement.
The post hoc analysis showed that DSWEG significantly decreased after program-induced loss after
maximum exercise (p < 0.01), and WEG significantly decreased after CG (p < 0.05). In this study,
subjects in the DSWEG recovered significantly faster than those of the WEG and CG, suggesting that
DSW was effective in ameliorating muscle damage as well as promoting fatigue recovery. Thus, the
DSWTT program was found to be relevant and necessary not only in elite sports but also to enhance
the performance of sports activity.

Elevated serum AST level is a marker of liver or cardiac muscle damage. AST is also known
as glutamic oxaloacetic transaminase (GOT), an enzyme present in various cells of the living body
facilitating synthesis of amino acids. It increases after drinking or exercising, and it is one of the
enzymes associated with muscle damage, which increases in liver disease or muscle disease [26].
AST is present not only in the liver but also in the muscles. It increases when the muscles are damaged
after exercise and, therefore, can be used to evaluate exercise-induced stress. The concentration of AST
is proportional to exercise intensity or exercise duration [27]. Therefore, DSWEG showed a significant
recovery compared to WEG and CG, which may have facilitated the recovery of muscle damage
by promoting relaxation of the body through floating, stretching, and massage during the DSWTT
program and gently coordinating various movements.
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4. Discussion

This study demonstrates that fatigue and muscle damage are induced by a shuttle run test, and
following the DSWTT program, the DSWEG showed a significant decrease in lactate, ammonia, LDH,
CK, and AST compared to WEG and CG. WEG showed a significant decrease in lactate, ammonia, CK,
and AST compared to CG, but CG did not show any difference compared to other groups.

Recently, DSW treatment was used to demonstrate recovery from fatigue and muscle damage
using hot spring water [28]. DSW is a resource that maintains a cold temperature at seabeds below
a depth of 200 m. DSW is clean seawater that is not contaminated by Escherichia coli or common
bacteria. When DSW is applied as an underwater motion, DSW shows buoyancy and water pressure
higher than normal water due to eutrophication and salt concentration, and it acts on the human body
in a more favorable environment than the general water in the floating posture. Therefore, in this
study, DSWTT was applied to the exercise environment in the floating posture and the recovery of
fatigue and muscle damage was verified.

Fatigue, a physiological phenomenon that is induced by high-intensity training and long-term
exercise, significantly reduces muscle glycogen and blood glucose, which reduces the function of organs
and tissues in the human body [29]. In general, the blood–glucose concentration is 80~110 mL/dL
when the adult is stabilized. During the exercise, the muscle glycogen is rapidly depleted, resulting
in fatigue. If exercise reduces blood sugar, insulin secretion is reduced and blood–glucose level is
maintained [30]. In order to determine the changes in the secretion of glucose concentration, this study
compared the glucose concentration before, immediately after exercise, and 30 min of exercise. Based
on the results of group comparison, the effects were significantly higher in DWEG than in CG.

These results attributed to a decrease in blood sugar level due to the increased demand for
energy sources during the one-time exercise. The muscle glycogen levels depleted immediately after
exercise reduced the blood–glucose level, as the glucose entered the muscle to supplement the glycogen
reserves [31]. Boer and Armstrong [32] reported an increase in the use of blood sugar immediately after
exercise, and this study was consistent. Another study [33] showed that the underwater environment
strongly facilitated blood flow, human body metabolism, and fatigue parameters by inducing changes
in the physiology of the human body depending on the differences between water temperature, water
viscosity, density, depth, body parts, and individual. This study also showed that the effect of DSW
on fatigue recovery was highly favorable. These results suggest that DSWTT can prevent glycogen
depletion in the body and lower the blood lactate acid and ammonia concentration, which are private
fatigue substances when recovering and have a positive effect on the improvement of recovery ability
after high-intensity fatigue induction training. Recovery from muscle fatigue to improve physical
activity quickly eliminates lactate accumulated by energy metabolism and enzyme action in muscles
and plays a very important role in improving activities of daily life and control conditions [34].
The accumulation and elimination of blood lactate determines the limitations of muscle movement
directly linked to muscle fatigue [35]. Among them, the weight load is reduced due to buoyancy and
water pressure. During the underwater exercise, the movement of the joints is larger than on the land,
and the effect of stability and stretching is increased [19]. Based on this principle, this study, which
verified the effectiveness of DSW, showed that the DSWTT program was effective in eliminating lactate.
DSWTT may have increased blood flow to the muscle and improved muscle function. Especially, in
the recovery process, it was found that DSWTT was very effective in the recovery of muscle tension
and the removal of byproducts of metabolic processes through improvement of varicose reflux rate.

Water therapy has various effects on the physiology of the human body by providing an
environment different from the atmosphere such as buoyancy, resistance, water pressure, and water
temperature [33]. The results of this study, compared with previous studies [28,36], suggest that the
underwater treatment facilitates circulation of blood and lymph to the skin or damaged muscle tissue
and ameliorated the pain by relieving muscle spasms. In addition, DSW promotes metabolism and
helps blood circulation, such that lactate or waste is discharged more quickly to the outside of the body,
and the body is replenished with the required oxygen or nutrients.
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Ammonia, one of the fatigue-inducing substances, increases the central fatigue and motor
coordination [37]. However, the supply of proteins as energy supplements has been shown to inhibit
serotonin production, thereby reducing central fatigue and improving endurance performance [38].
In this study, subjects in the WEG recovered faster than those of the CG group, and the DSWG recovered
significantly faster than the WEG and CG. In accordance with Marybetts’ [39] findings that heat takes
15 min to transfer to the muscles, the exposure to 25 min of underwater flooding at 34 ± 1 ◦C in
this study is likely to induce muscle relaxation and eliminate lactate and ammonia. In this study,
we discussed the impact of DSWTT program on ammonia level, which is a strong exercise-induced
fatigue substance, known to decrease the exercise performance. Participation in the DSWTT program
led to rapid excretion of accumulated ammonia. Studies on DSWTT and energy supplementation are
needed when BCAA intake induced by fatigue and OKG or albumin are reported to inhibit ammonia
accumulation [40].

LDH regulates the formation and conversion of lactate in muscle cells during muscle activity.
LDH regulates the formation of lactate by reducing polysaccharide synthesis during anoxic metabolism
in muscles and liver [41]. LDH activity in the blood is very low at rest, but if muscle cells are damaged
by high-intensity exercise, LDH in the cell is released out of the cell, and LDH activity in the blood is
high. Muscle LDH catalyzes the reduction of pyruvate into lactate, which occurs at higher rates when
the glycolysis flux increases, such as during muscle contraction. LDH is an intra-blood specific enzyme
that can be used to evaluate the energy system in various exercise situations. It represents the degree of
adaptation of metabolic function during energy metabolism, exercise intensity, muscle stiffness, fatigue
recovery, and excessive training and histological damage analysis [42,43]. In this study, the subjects in
DSWEG recovered significantly faster than those in WEG and CG, which confirmed that the DSWTT
program using DSW resolved fatigue. When high-intensity fatigue-induced exercise is performed, the
muscle is overloaded and affected by cell membrane destruction or tissue necrosis, which increases
blood CK and LDH concentrations. LDH is mainly present in red cell and muscle cells, and it is an
essential enzyme that produces ATP via the lactic acid system. It plays a role of balancing glucose
physicochemical and assimilation by using pyruvate at the final stage of the lactic acid system.

However, an appropriate level of physical activity in various exercises improves performance,
but excessive physical activity has a negative effect [44,45]. Typical negative effects include muscle
damage due structural damage of muscle fiber [46], followed by protein leakage in muscle tissue [47],
and acute inflammation reaction [48]. Muscle damage is accompanied by a decrease in maximum
strength, delayed onset muscle soreness (DOMS) [49], and leakage of muscle proteins such as CK,
myoglobin (Mb), and AST into the blood [50].

CPK is a non-platelet-specific enzyme that affects muscle damage and inflammation rather than
muscle metabolism. CPK concentration increases proportionally as muscle damage increases after
high-intensity exercise [51]. Therefore, rapid recovery from accumulated fatigue and muscle damage is
an important factor in exercise performance. Body changes due to muscle damage have a negative effect
on the participation of the general public in exercise programs and increase psychological discomfort.
In order to recover muscle damage quickly, this study is consistent with previous studies [28,33,36],
suggesting that water treatment was effective in inducing a psychological sense of stability and a
refreshing mood.

In this study, subjects in the DSWEG recovered significantly faster than those of the WEG and
CG, suggesting that DSW was effective in ameliorating muscle damage as well as promoting fatigue
recovery. Thus, the DSWTT program was found to be relevant and necessary not only in elite sports
but also to enhance the performance of sports activity. In the fatigue-inducing 20 m-MST test, the
mobilization of the type I was greater, and the expression of the type II was greater in the weight test.
Based on this, it can be explained that if the mobilization of the type II is greater than the mobilization
of the type I, the fatigue induction and the muscle itself are more damaged.

Elevated serum AST level is a marker of liver or cardiac muscle damage. AST is also known
as glutamic oxaloacetic transaminase (GOT), an enzyme present in various cells of the living body



Appl. Sci. 2020, 10, 8383 10 of 12

facilitating synthesis of amino acids. It increases after drinking or exercising, and it is one of the
enzymes associated with muscle damage, which increases in liver disease or muscle disease [26].
AST is present not only in the liver but also in the muscles. It increases when the muscles are damaged
after exercise and, therefore, can be used to evaluate exercise-induced stress. The concentration of AST
is proportional to exercise intensity or exercise duration [27]. Therefore, DSWEG showed a significant
recovery compared to WEG and CG, which may have facilitated the recovery of muscle damage
by promoting relaxation of the body through floating, stretching, and massage during the DSWTT
program and gently coordinating various movements.

In conclusion, the DSWTT program had a significant effect on fatigue and muscle damage recovery,
suggesting that application of the program in hot springs can contribute to national health care and
promotion and quality of life. Further studies are needed to investigate DSWTT programs with various
research subjects at different program temperatures, exercise times, and frequencies of treatment and
exercise. In addition, it is necessary to analyze the effects of DSWTT program to maintain the refreshing
state of various classes, especially the weak and the elderly.

DSWTT application is a useful seawater resource with low temperature, cleanliness, stability,
eutrophicity, minerality, and aging properties in the mechanism that affects the recovery of fatigue
of human body. It is a huge clean resource that is generated from the material circulation system
with solar energy as a source of energy and is produced as seawater and recycled as sea water.
These DSW show higher buoyancy and hydrostatic pressure than normal water due to eutrophicity
and salinity concentration, and stretching and massage performance in underwater floating posture
can be interpreted as more effective in restoring human fatigue than normal water. In addition, when
stretching or massage activities in DSW compared to the normal water, it means that the fatigue
material generated in the muscle recovered more quickly.

The most important characteristic of DSW in the mechanism that DSWTT application affects the
recovery of muscle damage in human body is that it maintains stable low temperature and has little
organic matter such as bacteria and pathogens, and it is applied to the treatment of muscle damage
by applying artificial heat, as sea water is rich in minerals such as nutrients and minerals essential
for the growth of marine plants. This suggests that warm DSW is more stable than normal water in
DSWTT program, and that the relaxation of the body through stretching and muscle massage provides
conditions for muscle damage recovery.

There is a limitation of not comparing other evaluation parameters in this study. However, in this
study, a study was conducted to evaluate factors such as glucose, lactate acid, ammonia, LDH, CK,
and AST, which are very important for physiological fatigue. It is considered to require a study to
evaluate the different parameters mentioned later.
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