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Abstract

Purpose: This study examined the effects of XCO-Trainer exercise on shoulder pain, dysfunction, range of mo-
tion, scapular position, and quality of life in women who had undergone breast cancer surgery.

Method: This study was carried out on 37 breast cancer survivors. The participants were divided randomly
into an XCO-Trainer exercise group(XBG=16) and a general breast cancer group(GBG=15). Outcomes, such as the
Quadruple Visual Analogue Scale(QVAS), Shoulder Pain and Disability Index(SPADI), range of motion(ROM), Scap-
ular Index(Sl), and Functional Assessment Cancer Therapy-Breast(FACT-B), were measured pre- and post- inter-
vention for both groups.

Results: A significant improvement in pain, functional disability level, range of motion, scapular position, and
quality of life was observed in both groups(p<.01). Significant differences in pain, functional disability level, range
of motion, scapular position, and quality of life post-test were observed between the two groups(p<.01).

Conclusion: The XCO-Trainer exercise treatment has a positive effect on breast cancer patients.

Keywords: Breast Cancer, FACT-B, QVAS, SI, XCO-Trainer

1. Introduction

A total of 254,718 cancer cases occurred in 2019, with 134,180 males and 120,538 females.
Statistics on the probability of cancer occurrence as of 2019 show that the life expectancy in
Korea is up to 83 years old, and the probability of getting cancer if alive is 37.9%. It can take
two people, and in the case of women, when the life expectancy is 87 years old, it is estimated
that it will occur in 1 out of 3 people at 35.8%. When looking at the incidence of major cancers
by gender, the number one cancer, excluding thyroid cancer, was lung cancer in men and breast
cancer in women([1].

Breast cancer is classified into cancer that develops in parenchymal tissues, such as ducts and
lobules, and cancer that develops in other interstitial tissues, depending on the site of occur-
rence. Breast cancer surgery is divided into breast surgery and axillary lymph node surgery.
Breast surgery includes conservative mastectomy and total mastectomy, and axillary lymph
node surgery includes axillary lymph node debridement and sentinel lymph node biopsy[1].

Postoperative management includes chemotherapy, targeted therapy, immunotherapy, and
radiation therapy. After treatment among the physical changes, breast cancer patients com-
plained the most about pain and joint range of motion, and more than 50% reported that pain-
related quality of life decreased and they experienced depression[2].
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In addition, nerves and muscles are damaged after surgery, resulting in pain in the shoulder
joint, numbness in the arm, decreased flexibility of the shoulder joint, weakened muscle
strength, and weakened grip strength[3].

After breast cancer patients undergo resection, the position of the shoulder blade is de-
formed due to the shortening of the pectoral muscles, limiting the function of the surrounding
muscles. If this condition persists, the movement of the joints around the shoulder blade is
restricted and the space below the peak is reduced, resulting in shoulder disease, and as the
shoulder bends forward, kyphosis and rounded shoulder posture appear[4].

Breast cancer patients develop a rounded shoulder posture due to surgery, and shortening of
the small pectoral muscle causes reduction of shoulder blade lift, downward tilt, and upward
rotation. When compensatory exercise occurs, muscle strength decreases, and the movement
and functional parts of the shoulder joint are restricted, causing discomfort in daily life [5].

Breast cancer patients have a negative psychological effect because they have fears of recur-
rence and metastasis even in the process of recovery after surgery, and suffer from depression
due to a decrease in quality of life. In addition, it was said that due to the deterioration of the
guality of life, it is impossible to play a role as a member of the family and society, and it is
difficult to recover from the normal life[6].

It has been reported that physical activity should be promoted to manage and recover phys-
ical function damage after breast cancer surgery, and that aerobic exercise such as aquatic ex-
ercise is good for arm function training[7].

Eom reported that, as a result of applying Tai Chi exercise to breast cancer patients, the range
of motion and functional impairment of the arm improved after 12 weeks, and the quality of
life improved|[8].

Kang and Yoon reported that complex water exercise As a result of application for 8 weeks,
it was said that the experimental group improved shoulder dysfunction and showed a significant
difference in forced lung capacity[9].

The XCO-Trainer is versatile. In the rehabilitation part, it is used for rehabilitation purposes,
and in sports training, it is used to improve sports skills and performance of athletes. It is also
used for muscle stabilization and balance training in balance and coordination training, and is
used for core strengthening training. Finally, in group fitness classes, various exercises and in-
tensities are applied to increase muscle interaction and are used for aerobic exercise.

The main difference between the XCO-Trainer and regular dumbbells is the way they provide
resistance during exercise. The XCO-Trainer uses an internal reactive mass that creates a vibrat-
ing effect, whereas regular dumbbells rely on the weight of the equipment itself to provide
resistance. Additionally, the XCO-Trainer is suitable for a wide range of exercises including
squats, lunges, rotations and more, while regular dumbbells are commonly used for individual
exercises targeting specific muscles.

There was no previous study in Korea that applied XCO-Trainer exercise to affect the shoulder
joint in women who had undergone breast cancer resection. Therefore, the purpose of this
study is to investigate the XCO-Trainer exercise on the shoulder joint, pain, functional disability,
joint range of motion, and shoulder blade posture in women who underwent breast cancer sur-

gery.

The specific hypotheses of this study are as follows. First, when comparing the XCO-Trainer
exercise group and the general physical therapy group before and after the intervention, there
will be differences in shoulder joint pain, functional disability, range of motion, shoulder blade
posture, and quality of life. Second, there will be differences in the post-intervention values of
shoulder joint pain, functional disability, range of motion, scapular posture, and quality of life
between the two groups before and after the intervention compared to the XCO-Trainer exer-
cise group and the general physical therapy group.
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2. Methods
2.1. Research subject

The subjects of this study were patients who visited the hospital for treatment after under-
going breast cancer surgery at D University Oriental Medicine Hospital. It was conducted from
January 10, 2022 to June 17, 2022. The subjects were 40 in total, and 37 subjects who met the
selection and exclusion conditions were conducted. After explaining the study, participants who
clearly understood the contents and gave consent were allowed to voluntarily participate in the
experiment. The selection conditions for the subjects were: 1)women aged 35 years or older,
2)women who had passed more than 4 weeks after breast cancer surgery, 3)women who were
prescribed manual therapy at the hospital, 4)pain scale at the pain reference point scale(quad-
ruple visual analogue scale; QVAS) A woman with a total score of 3 or more was selected as a
woman who personally agreed after listening to an explanation before starting the fifth study.

2.2. Experiment tools and measurement methods

Before applying the exercise therapy intervention to the study subjects, general characteris-
tics, shoulder joint pain, arm dysfunction, range of motion, shoulder blade posture, and quality
of life were evaluated.

2.2.1. Experimental design and method

After preliminary evaluation, 40 subjects were randomly assigned to the 20 XCO-Trainer ex-
ercise groups(XCO-Trainer exercise group; XBG) and 17 general physical therapy groups(general
breast cancer group; GBG), and experiments and evaluations were conducted. In the XBG group,
XCO-Trainer exercise was applied as an intervention after general physical therapy, and in the
GBG group, only general physical therapy was applied. The intervention program of the two
groups was conducted for 4 weeks, and the evaluation of the two groups was conducted before
and after the intervention. The design of the study is as follows <Figure 1>.

2.2.2. Arbitration method

This study was an exercise using an XCO-Trainer(XCO medium, XCO, Netherlands), and 3 ex-
ercises were performed while holding the XCO-Trainer with one hand. In addition, a total of 7
sets were composed by repeating the 3 exercises, and each set was exercised for 20 seconds
and had a 1 minute break. Also, when you start holding the XCO-Trainer, spread your legs one
step wider than shoulder width, apply strength to your stomach, bend your knees, and start in
a standing position <Figure 2>. The exercise program was constructed by referring to the thesis
of Morat et al[10], and the thesis of Son[11]. XCO-Trainer was developed over 16 years by Jan,
a physical therapist from the Netherlands. The movement principle of the XCO-Trainer has a
moving mass composed of very special and irregular particles inside, so it has the movement of
Delayed Impact, Soft Impact, and Reactive Impact. Delayed Impact is a movement that allows
all particles inside to move smoothly without moving simultaneously when moving with the
XCO-Trainer. Soft Impact is a movement that allows you to reach the end point of the XCO-
Trainer without straining your joints. Reactive Impact can be described as a movement that
produces the same effect as an exercise in a stretched state when the movement is continued,
that is, plyometrically. The types of XCO-Trainer consist of a total of 4 types: extra small, small,
medium, and large. The product used as an intervention method is a medium product, with a
weight of 900g, special particle weight of 600g, length of 42.5cm, diameter of 5cm, and the
color is red <Figure 2>. Also, the advantages of the XCO-Trainer are that you can do strength
training without straining your joints, it can be done anywhere, it is convenient to manage and
store, and it is possible to exercise the whole body along with walking or running.
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Figure 1. 8-week physiotherapy and XCO exercise study design.

Research subject (N=40)

Excluded (N=3)

Research subject selection (N=37)

Pre-evaluation
(QVAS, SPADI, ROM, SI, FACT-B)

XBG GBG
(n=20) (n=17)

General physical therapy

(20 min, 3 times a week, randomization General physical therapy
4 weeks) (20 min, 3 times a week,
+ 4 weeks)

XCO exercise

(3 times a week, 4 weeks)

Drop out Drop out
(n=4) (n=2)

Post-evaluation(4 weeks)
(QVAS, SPADI, ROM, SI, FACT-B)

Data analysis
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Figure 2. XCO-trainer medium size.

(D Flexion shake exercise

In the first action, after taking the posture before the start, hold the XCO-Trainer and raise
your arms parallelly so that your shoulders are at 90 degrees. In the second action, while holding
the XCO-Trainer, raise your arms above your head and stretch your arms so that your ears and
arms are in a straight line. For the third motion, repeat the first and second motions for 20
seconds, shake them up and down, and then take a break for 1 minute <Figure 3>.

(2 Abduction shake exercise

In the first action, after taking the posture before the start, hold the XCO-Trainer and raise
your arms parallel to the side so that your shoulders are 90 degrees. In the second action, while
holding the XCO-Trainer, raise your arms above your head and stretch your arms so that your
ears and arms are in a straight line. For the third motion, repeat the first and second motions
for 20 seconds, shake them up and down, and then take a break for 1 minute <Figure 3>.

(@ External rotation shake exercise

For the first action, after taking the posture before the start, bend your elbows to 90 degrees
and hold the XCO-Trainer. The second action extends the arms outward from the body while
holding the XCO-Trainer. The third motion repeats the first and second motions for 20 seconds,
shakes them sideways, and then rests for 1 minute <Figure 3>.

Figure 3. XCO-trainer exercise.

Note: A: Flexion shake exerdise, B: Abduction shake exercise, C: External rotation.
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2.3. Measure
2.3.1. Pain level

A 4-item quadruple visual analogue scale(QVAS) was used as an evaluation tool for the pain
level of the subject's shoulder joint. This evaluation tool consists of a total of four items, each
of which includes: (1)what is the current pain level, (2)what is the average level of pain experi-
enced usually, and (3)what is the lowest level of pain. Fourth, it is composed of questions about
what level of pain is the most severe. For each question, “0” was placed on a horizontal line
ranging from 0 to 10 cm, with 0 indicating no pain and 10 indicating the most severe pain. Ocm
was scored as 0 points, and 10cm was scored as 10 points, and the scores for the questions on
a total of four items were summed and averaged, and the values were multiplied by 10. On the
QVAS, a high total score indicates severe pain[12]. The reliability of this evaluation tool is
r=.76~.84[13].

2.3.2. Level of dysfunction

To evaluate the level of arm dysfunction of the study subjects, the shoulder pain and disability
index(SPADI) was used. The composition of this evaluation sheet is divided into two categories,
the degree of pain and the degree of discomfort. The degree of pain is divided into 5 questions
and the degree of discomfort is divided into 8 questions, for a total of 13 questions. A score of
0 means no pain or no functional discomfort at all, and a score of 10 indicates very severe pain
or very severe discomfort. he total score was the average value obtained by adding the scores
of the 13 items. The higher the score on the SPADI, the worse the dysfunction of the arm is[14].
The reliability of SPADI is ICC=.99, showing high reliability[15].

2.3.3. Shoulder range of motion

When measuring the range of motion(ROM) of the shoulder joint of the study subjects, it was
measured in two postures. In the first posture, the angles of flexion, extension, and abduction
were measured in the upright posture, and in the second posture, the angles of internal and
external rotation were measured in the supine posture. A bubble inclinometer(Baseline, USA)
was used as a measurement tool. The reliability of the bubble inclinometer is ICC=.95[16]. In
order to measure the exact angle, the angles of bending, extension, abduction, internal rotation,
and external rotation were measured twice, and the average value was used. In addition, in
order to prevent the compensatory action that can occur from all angles, the shoulders were
attached to the wall in the standing position and the shoulders did not come off the floor in the
lying position. If a compensation action occurred during the measurement, the evaluation was
conducted again. The bending angle was measured at the front center of the upper arm, the
extension angle was measured at the back center of the upper arm, and the abduction angle
was measured at the center of the deltoid muscle central fiber. The medial and lateral rotation
angles were measured at the center of the forearm[16].

2.3.4. Assessment of shoulder blade position

The scapular index(SI) was used to evaluate the subject's scapular posture. When measuring
the scapular index(Sl), it was performed twice each on the right and left sides, and the average
value was used. A tape measure(rollfix, hoechstmass, germany) was used as a measurement
tool. The method to evaluate the Sl was the distance from the midpoint of the sternal notch(SN)
to the medial surface of the coracoid process(CP) of the scapula(SN-CP) and the 3rd thoracic
vertebra The distance from the 3 thoracic spine(3TS) to the posterolateral angle of the acro-
mion(PLA)(TS-PLA) was measured. In order to measure the distance of the SN-CP on the oper-
ated side from the front, the SN and CP points were marked with a sticker and measured twice
each. In order to measure the distance of the 3TS-PLA on the operated side from the back, the
3TS and PLA areas were marked with stickers and measured twice. The way to calculate Sl is
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SI=(SN-CP/TS-PLA)x100[17]. In order to accurately measure the lengths of SN-CP and 3TS-PLA,
the average value was used by measuring twice, and the average value was used by obtaining
the value twice for accurate measurement of the Sl value. The larger the value of SI, the more
shoulder external rotation, scapular retraction, or adduction, and the smaller the value, the
more shoulder internal rotation, or scapular protraction, or abduction[18]. The reliability of the
S| shows high reliability with ICC=.96 on the right side and ICC=.93 on the left side[19].

2.3.5. Quality of life level

A functional assessment cancer therapy-breast(FACT-B) was used to evaluate the quality of
life of the study subjects. This evaluation tool used a method in which the patient himself read
the questionnaire and marked 'V' in the number, and the same measurer measured it. FACT-B
consists of a total of 38 questions with 5 items: socio-familial status, physical status, emotional
status, functional status, and other status. FACT-B uses a 5-point scale in the form of 0 to 4
points, with 0 points meaning 'not at all' and 4 points meaning 'very much so'. The physical state
is about disease symptoms and side effects of treatment, the socio-familial state is about the
quality of communication and relationships with acquaintances and family, the emotional state
is about the psychological part of breast cancer patients and their attitude toward the disease,
and the functional state is to evaluate activities and roles in daily life, and other conditions are
to evaluate my current condition due to breast cancer[20]. The score of FACT-B is evaluated by
summing the scores for each question in each submission, calculating the total score, multiply-
ing by the number of questions, and dividing by the number of questions answered. The inverse
questions are the questions of physical condition, questions '1,3,4,5,6' for normal conditions,
and questions '1,2,3,5,6,7,8,9,10' for other conditions. to be. The reliability of FACT-B shows
high reliability with ICC=.90[21].

2.4. Analysis method

Statistical analysis of this study used SPSS Ver 21.0 for Windows. Statistical analysis of the
study was performed using SPSS Ver 21.0 for Windows. The general characteristics of the study
subjects were analyzed using descriptive statistics. Kolmogorov-Smirnov test method was used
for normality test, paired t-test was used to compare the difference between the two groups
before and after the intervention, and independent t-test was used to compare the difference
between the two groups. The significance level was set to a=.05.

3. Result
3.1. General characteristics of research subjects

A total of 40 subjects participated in the study, 20 in the XBG group and 17 in the GBG group.
There were 4 dropouts in the XBG group and 2 in the GBG group. There were 16 patients in the
XBG group and 15 patients in the GBG group. The average age of the study subjects was
49.23+8.90 years and the average weight was 56.52+5.64 kg, and the average height was
162.81+4.61 cm. There were 13 right arm and 3 left arm in the XBG group, and 13 right arm and
3 left arm in the GBG group, showing no significant difference. In addition, the surgical sites
between the two groups were right and left in 8 patients in the XBG group, and right in 6 patients
and left in 9 patients in the GBG group, and there was no significant difference between the
two groups. The operation time between the two groups was 33.75+6.98 weeks in the XBG
group and 33.20+3.75 weeks in the GBG group, showing no significant difference. The time of
onset of pain was 13.38+5.75 weeks in the XBG group and 11.67+5.19 weeks in the GBG group,
showing no significant difference. As for the cause of pain, chemotherapy was used in 10 pa-
tients and 6 patients in the XBG group, and chemotherapy was used in 10 patients and surgery
was performed in 6 patients in the GBG group <Table 1> .
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Table 1. General characteristics of study participants.

XBG(n=16)2 GBG(n=15)b F

Age(yers) 49.44+7.62¢ 49.00+£10.36 .89
Weight(kg) 57.75%5.99 55.20%5.12 21
Height(cm) 161.38+4.16 164.33+4.72 .07
Dominant arm(R/L)¢ 13/3 13/2 .30
Mastectomy(R/L)e 8/8 6/9 .16
Surgery time(weeks) 33.75+6.98 33.2043.75 .79
Pain time(weeks) 13.3845.75 11.6745.19 .39
Pain reason((D)/Q)f 10/6 10/6 25

Note: 2XBG: xco-trainer exercise breast cancer group, "\GBG: general breast cancer group, Mean+SD, 9R: right/L: left, =R: right/L: left, f@: anticancer treatment @:
surgery.

3.2. Comparison of pain and functional impairment level evaluation between the two
groups

In the QVAS there was a significant difference when comparing the before and after differ-
ences between the XBG group and the GBG group(p<.01). When comparing the difference be-
fore and after within the XBG group and the GBG group, there was a significant decrease(p<.01).
The XBG group decreased significantly by 2.59+0.92 after the intervention than before the in-
tervention(p<.01) <Table2 >.

As for the level of functional disability, there was a significant second baby when comparing
the pre- and post-war differences between the XBG group and the GBG group(p<.01). Signifi-
cantly decreased in each group(p<.01). XBG group decreased more than GBG group(p<.01). The
XGB group significantly decreased to 2.91+1.11 after intervention(p<.01) <Table 2>.

3.3. Comparison of range of motion of the shoulder joint between the XBG group and the
GBG group

When comparing the anteroposterior difference between the XBG group and the GBG group,
the joint range of motion in flexion, extension, abduction, and lateral rotation significantly in-
creased(p<.01). In the difference between the two groups before and after, internal rotation
increased the joint range of motion, but there was no significant difference. In addition, there
was a significant difference in the bending angle of the XBF group and the GBG group before
intervention(p<.01). When comparing the anteroposterior difference between the two groups,
the joint range of motion for flexion, extension, abduction, external rotation, and internal rota-
tion significantly increased. When comparing the difference between before and after within
the group, the joint range of motion for flexion, extension, abduction, external rotation, and
internal rotation significantly increased(p<.01). In the XBG group, flexion increased to
28.33+4.92, extension increased to 13.91+3.12, abduction increased to 24.71+8.12, external ro-
tation increased to 20.25%5.70 and Internal rotation was significantly increased to
10.7241.66(p<.01) <Table 3>.

Table 2. Comparison of shoulder pain and dysfunction level in two group.

XBG(n=16)2 GBG(n=15)b t p
Pre 6.54+0.62¢ 6.52+0.87 0.10 .92
Post 3.95+1.07 5.70+0.82 5.06 .00t
QVASe
Diffd 2.591+0.92 0.8210.33 7.04 .00t
t 11.25" 9.75™
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Pre 6.57+0.58 6.46+0.78 0.43 .67

Post 4.01+0.86 5.13+1.07 3.21 .00t
SPADIf
Diff 2.91+1.11 1.33+0.66 4.79 .00t
t 12.13" 777"

Note:#XBG: xco-trainer exerdise breast cancer group, \GBG: general breast cancer group, Mean+SD, ddifference, *QVAS: quadraple visual analogue scale, 'SPADI:
shoulder pain and disability index, *p<.05, " p<.01, tthereis asignificant difference when compared with the GBG group(p<0.1).

3.4. Comparison of posture evaluation and quality of life evaluation between the two
groups

There was a significant difference in the position evaluation of the scapula when comparing
the anterior and posterior differences between the XBG group and the GBG group(p<.01). When
comparing the difference before and after within the XBG group and the GBG group, there was
a significant increase(p<.01). XBG group increased significantly more than GBG group(p<.01).
The XBG group increased significantly to 8.35+1.09 after the intervention than before the inter-
vention(p<.01) <Table 4>.

In the quality of life evaluation, there was a significant difference when comparing the before
and after differences between the XBG group and the GBG group(p<.01). Significantly increased
in XBG and GBG groups(p<.01). XBG group increased significantly more than GBG group(p<.01).
The XBG group increased significantly by 10.74+1.82 after the intervention than before the in-
tervention(p<.01) <Table 4>.

Table 3. Comparison of shoulder range of motion the XCO-trainer exercise breast cancer and general breast cancer group.

XBG(n=16)2 GBG(n=15)b t p
Pre 109.58+9.40¢ 98.67+7.19 3.42 .00t
| Post 137.92+6.20 109.00+8.23 10.08 .00t
Flex®
Diffd 28.33+4.92 10.33+4.64 9.75 .00t
t 19.9™" 8.6™
Pre 27.00+6.79 26.43+4.47 0.26 .80
] Post 40.91+6.43 32.89+4.48 3.82 .00t
Ext
Diff 13.91+3.12 6.46%+1.55 8.11 .00t
t 15.45™" 16.12™
Pre 100.08+7.45 101.00£9.30 0.28 0.78
b Post 124.79+£11.02 109.8319.67 3.75 .00t
Abds
Diff 24.71+8.12 8.83+2.54 7.18 .00t
t 10.54" 13.47™
Pre 25.92+7.18 30.47+7.77 1.56 13
Post 46.17+6.93 36.3318.23 3.31 .00t
Ext-roh
Diff 20.25+5.70 5.87+1.68 9.32 .00t
t 12.31* 13.49™
Pre 31.79+6.36 31.07+7.69 0.26 .80
_ Post 42.51+6.43 36.89+8.19 1.94 .06
In-ro'
Diff 10.7241.66 5.82+0.78 10.15 .00t
t 22.41™ 28.75™"

Note: aXBG: xco-trainer exerdise breast cancer group, bGBG: general breast cancer group, cMean+SD, ddifference, eFlexion, fExtension, gAbduction, gExtermnal
rotation, iintemal rotation *p<.05, **p<.01, Tthere is a significant difference when compared with the GBG group(p<0.1).
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Table 4. Comparison of upper extremity posture and dysfunction level in two group.

XBG(n=16)> GBG(n=15)P t p
Pre 66.91+3.92¢ 66.15+2.83 0.61 55
Post 75.2643.75 69.78+2.92 4.52 .00t
e

> Diffd 8.35+1.09 3.63+1.03 12.40 .00t

t 30.73* 13.64™
Pre 63.08+4.91 60.40+4.32 1.61 12
Post 73.8345.62 64.23+3.97 5.45 .00t

FACT-Bf

Diff 10.74+1.82 3.83+0.82 13.49 .00t

t 23.63" 18.20*

Note: aXBG: xco-trainer exercise breast cancer group, bGBG: general breast cancer group, cMean+SD, ddifference, eSl: scapular index, fFACT-B: functional assess-
ment cancer therapy-breast, *p<.05, **p<.01, tthereis a significant difference when compared with the GBG group (p<0.1).

4, Discussion

This study was conducted to investigate changes in shoulder joint posture after XCO-Trainer
exercise in women who had undergone breast cancer resection. As a result of the study, there
was a significant difference when comparing the before and after differences in shoulder joint
pain, functional disability, range of motion, shoulder blade posture, and quality of life.

There was a significant difference in pain when comparing the difference before and after in
the two groups(p<.01), and there was also a significant difference within the two groups(p<.01).
As a result of applying compound exercise for 4 weeks to 14 patients who underwent breast
cancer surgery, pain in the arm decreased after 4 weeks compared to before. In the range of
motion of the shoulder joint, it has been reported that there are significant differences in flexion,
extension, abduction, deflection, external rotation, and medial rotation, excluding exten-
sion[22]. In addition, as a result of applying exercise therapy to 40 patients undergoing radia-
tion therapy after breast cancer surgery, the group in which exercise therapy was applied to-
gether with radiation therapy showed a significant reduction in pain[23]. In order to reduce
joint pain and swelling, muscle cross-extension is used to induce contraction of the opposite
muscle, and when the agonist contracts, the antagonist muscle relaxes, so that the inflamed
muscles do not contract and maintain normal tension, reducing the inflammatory response[24].

There was a significant difference in the level of functional disability when comparing the
difference before and after the XBG group and the GBG group(p<.01). There was a significant
difference when comparing the difference before and after within each group(P<.01). Portela
et al[25]. found that when a combination of aerobic and resistance exercise was performed at
home or at a gym, the range of motion of the arm in women who had breast cancer surgery
increased, and women with upper extremity lymphedema also strengthened their upper ex-
tremity function, improving daily life. It is reported that they are living without difficulties in
life. In addition, as a result of a 6-month follow-up examination for women who had undergone
breast cancer resection, it was found that the range of motion of the shoulder joint and the
functional disability score of the arm were gradually improving. Due to this figure, it is reported
that breast cancer patients show that the function of the shoulder joint is increasing over
time[26]. Through various compound exercises, it is estimated that the structures around the
shoulder joint have the effect of increasing the movement of the shoulder joint by maximizing
the stability of the shoulder joint due to the muscles connected to the far and near sides[27].
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When comparing the anteroposterior difference between the XBG group and the GBG group,
there was a significant difference in all angles except medial rotation for the range of motion of
the shoulder joint(p<.01). In addition, when comparing the difference before and after within
the two groups, there was a significant difference at all angles(p<.01). Among women who un-
derwent breast cancer surgery, 52 women were randomly selected to exercise belly dance and
Pilates for 16 weeks. As a result, the range of motion of the shoulder joint significantly increased.
It has been reported that it has a positive effect on daily life and affects the quality of life [28].
In addition, Lobardi et al performed scapular stabilization exercises and stretching on the shoul-
der joint simultaneously for 2 months, and as a result, there was a significant difference in the
joint range of motion, such as flexion, extension, abduction, external rotation, and medial rota-
tion angles[29]. It has been reported that the angle of extension and abduction increases sig-
nificantly. The shoulder joint is the most unstable joint in the human body, and if the muscles
around the shoulder are restricted due to the cooperative control of the surrounding tissues,
the range of motion of the joint is also affected, which can cause the movement of the shoulder
joint to be limited[30].

There was a significant difference in the position of the shoulder blade when comparing the
anteroposterior difference between the XBG group and the GBG group(p<.01). When comparing
the difference before and after in the XBG group and the BGB group, there was a significant
increase(p<.01). As a result of applying scapular stabilization exercise for 6 weeks to 16 patients
who underwent breast cancer surgery, there was a significant difference in SI. When comparing
the difference before and after exercise, it has been reported that there was a significant dif-
ference between the SN and CP distance and SI[31]. In addition, as a result of training for 47
patients with shoulder impingement syndrome for 6 weeks, it has been reported that the MVIC
of the trapezius muscle and serratus anterior muscles around the shoulder significantly de-
creased and the movement of the scapula was also stabilized[32]. When breast cancer resection
is performed, the length of the pectoralis minor muscle is shortened, resulting in shortening,
and the correct posture of the scapula, which is internal rotation, upward inclination, external
rotation, extrusion, and depression, deviates from the normal alignment of the scapula. In ad-
dition, the position of the scapula affects the angle formed in the concave humerus, the distance
from the head of the humerus to the shoulder peak, and the space below the peak of the shoul-
der blade[33].

There was a significant difference in quality of life when comparing the before and after dif-
ferences between the XBG group and the GBG group(p<.01). In addition, there was a significant
increase in both groups(p<.01). After undergoing breast cancer surgery, mindfulness yoga was
performed for 6 weeks on 17 patients who voluntarily participated. It has been reported that
the quality of sleep has also improved[34]. In addition, as a result of applying the meditation
program to breast cancer patients to a total of 42 patients for 7 months, the right anxiety and
depression scores were lowered, and the quality of life score was also increased, indicating that
the quality of life was very improved, and it was reported that the patient's power was also
increased[35]. Gautam et al reported that the quality of life improved and the circumference of
lymphedema decreased as a result of applying strength training and breathing exercise to 32
people at home for 8 weeks[36].

In this study, when XCO-Trainer exercise was applied to women who underwent breast cancer
surgery, it was found to relieve shoulder joint pain, reduce functional disability, increase shoul-
der joint range of motion, correct shoulder posture, and improve quality of life.

The limitations of this study are: First, bilateral breast cancer subjects were excluded in the
selection of subjects. Second, it is difficult to apply to all breast cancer patients because the
study targeted patients who visited hospitals in a limited area. Third, it cannot be ruled out that
the XBG group and the GBG group were affected by the difference between the time of surgery
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and the time when pain started. Fourth, it is difficult to apply to all breast cancer patients be-
cause the target is set to patients who can recognize the explanation. Fifth, since the age group
of women who underwent breast cancer surgery was set at 30 years of age or older, it is difficult
to apply it to all age groups. Therefore, in order to restore pain, functional, physical, and psy-
chological functions to women who have undergone breast cancer resection, therapeutic inter-
vention is continuously required, and preventive treatment through various interventions is
considered to be necessary.

5. Conclusion

In this study, 37 women who underwent breast cancer resection were subjected to XBG
group(16 patients), 20 minutes of general physical therapy 3 times a week for 4 weeks, followed
by XCO exercise as an intervention, and GBG group(15 patients). Only general physical therapy
was applied as an intervention three times a week for four weeks, and the effect on shoulder
joint pain, functional disability, range of motion, shoulder blade posture, and quality of life be-
fore and after intervention was investigated. The conclusions from that are as follows.

1. The group that applied the XCO-Trainer exercise showed a significant decrease in pain.
There was a significant difference when comparing the difference before and after within
each group.

2. The group to which XCO-Trainer exercise was applied showed a significant decrease in
the level of functional disability. There was also a significant difference in comparison of
before and after differences between the two groups.

3. Inthe group applying the XCO-Trainer exercise, all angles increased in the range of joint
motion, but there was no significant difference only in internal rotation. There was a
significant difference when comparing the difference before and after within each group.

4. The group applying the XCO-Trainer exercise showed a significant increase in the shoul-
der blade posture. There was a significant difference when comparing the difference be-
fore and after in the two groups.

5. The group that applied the XCO-Trainer exercise significantly increased the quality of life.
There was a significant difference when comparing the difference before and after within
each group.

The group that applied the XCO-Trainer exercise significantly increased the quality of life.
There was a significant difference when comparing the difference before and after within each
group. Continuous and scientific follow-up research on XCO-Trainer according to types of sports
performance rehabilitation training, balance and coordination training, core strengthening, and
cardiovascular conditioning is needed.
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Abstract

Purpose: The purpose of this study was to review the alterations in muscle fibers in Parkinson's disease(PD).
The following were our review questions. (1)How has research on type | myofiber grouping in PD developed over
time? (2)What kinds of muscles are affected in which patients? (3)What are some possible pathophysiology and
mechanisms? Does type | myofiber grouping in PD differ from primary sarcopenia that occurs with aging?
(4)What are the clinical implications and possible therapeutic approaches for type | myofiber grouping in PD?.

” u

Method: To investigate the questions, we used combinations of keywords such as “Parkinson”, “skeletal mus-
cle”, “myofiber type”, “fast twitch”, “slow twitch”, “myofiber grouping”, and “motor unit” in PubMed and Google
Scholar. Articles on PD patients and normal elderlies that dealt with type | myofiber grouping and motor unit
alterations were included. References in the included articles were also considered.

Results: Research over the past five decades has identified various motor abnormalities and myofiber altera-
tions in PD patients, including the hypertrophy of slow-twitch type | myofibers and atrophy of fast-twitch type Il
myofibers across different muscles. One important finding is that Type | myofiber grouping, which is common in
aging, is more severe in PD, which could be due to the selective activation of low-threshold motor units and could
be also linked to abnormal alpha-synuclein aggregation, a factor associated with PD.

Conclusion: Research suggests that type | myofiber grouping in muscles, not just dopaminergic cell damage
in the substantia nigra, could influence motor symptoms of PD, indicating that alternative treatments beyond
dopaminergic drugs, such as high-intensity exercise, might be beneficial. However, given the limitations in these
studies, such as small participant numbers and the complexity of PD pathophysiology, future research is needed
to fully understand the phenomena in different PD subtypes and to develop more effective treatments.

Keywords: Parkinson’s Disease, Neurodegenerative Disease, Skeletal Muscle, Type | Myofiber Grouping,
Scoping Review

1. Introduction

Parkinson's disease(PD) is the fastest-growing and second-most common degenerative brain
disease, characterized by gradual degenerative changes in the central nervous system[1], but
changes in muscle fibers are less well-known. Edstrom(1970) was the first to report that the
sizes of red and white muscle fibers are altered in PD patients[2]. Edstrém discovered that the
group of white muscle fibers was atrophied and the group of red muscle fibers was either un-
changed or hypertrophied through muscle biopsy. According to the author, the change may be
caused by decreased muscular strength and increased rigidity. In comparison to the damage to
the nervous system in PD patients, the topic has received little attention since then, but ongoing
studies are still being reported.
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PD patients develop motor symptoms such as bradykinesia, rigidity, tremor, and postural in-
stability, and non-motor symptoms such as constipation, depression, anxiety, insomnia, fatigue,
pain, urinary symptoms, and autonomic dysfunction as the disease progresses[3]. Dopaminergic
drugs such as levodopa can effectively help PD patients manage their symptoms. However, more
than half of PD patients experience a wearing-off phenomenon 2 to 5 years after starting dopa-
minergic medication[4]. In a Korean study, about half of the patients who took dopaminergic
drugs for more than 12 months complained of the wearing-off phenomenon, and the patients'
Unified Parkinson's Disease Rating Scale(UPDRS) Part 3 score, a clinical scale of motor signs of
PD, deteriorated significantly in the off state(8 out of a total score of 108 points)[5]. In the case
of PD, a standard disease-modifying treatment has not yet been established. Therefore, there
is currently an unmet need for methods and techniques for managing and treating the dis-
ease[6].

Meanwhile, recent research suggests that, when applied over time, various types of exercise
may have disease-modifying effects on P[7]. It has been well established through studies using
several animal models that exercise has a neuroprotective effect, and studies using PD animal
models have also revealed that exercise exhibits a dopamine neuroprotective effect. The reason
for this effect is not fully understood, but researchers believe that exercise reduces the vulner-
ability of neurons by expressing neurotrophic factors[8]. On the other hand, there haven't been
many studies on the effect of exercise on the altered muscle fibers of PD patients. At this point,
a recent study suggests that resistance exercise can reverse type | myofiber grouping in PD pa-
tients. It is anticipated that additional research will be conducted in the future[9]. Therefore, in
this review, we aimed to thoroughly examine the changes in muscle fibers in PD and speculate
on the clinical implications and potential therapeutic approaches to the phenomenon.

2. Methods

2.1. Review questions
i. How has research on type | myofiber grouping in PD developed over time?
ii. What kinds of muscles are affected in PD patients?

iii. What are some possible pathophysiology and mechanisms? Does type | myofiber grouping
in PD differ from primary sarcopenia that occurs with aging?

iv. What are the clinical implications and possible therapeutic approaches for type | myofiber
grouping in PD?

2.2. Study selection

In this review, we included studies involving patients with PD. To investigate the questions,
we used combinations of keywords such as “Parkinson”, “skeletal muscle”, “myofiber type”,
“fast twitch”, “slow twitch”, “myofiber grouping”, and “motor unit” in PubMed and Google
Scholar. Articles on PD patients and normal elderlies that dealt with type | myofiber grouping
and motor unit alterations were included. References in the included articles were also consid-

ered.

3. Results and Discussion
3.1. Type | myofiber grouping in parkinson’s disease

Edstrom(1970) first reported that in PD patients, muscle fibers with a high concentration of
myofibrillar ATPase(fast-twitch, generally known as ‘white’, type Il fibers) were atrophied while
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fibers with a low concentration of myofibrillar ATPase(slow-twitch, generally known as ‘red’,
type | fibers) were either unchanged or hypertrophied, as discovered through a muscle biopsy.
The author suggests that the change may be due to muscular weakness and hypertonia in PD
patients[2]. Years later, Sica and colleagues(1973) observed a decrease in the number of func-
tional motor units and abnormal enlargement of the remaining motor units in the extensor dig-
itorum brevis muscle of PD patients. The authors associated these phenomena with these indi-
viduals' loss and dysfunction of alpha-motor neurons[10]. Meanwhile, Grimby and Han-
nerz(1974) observed that PD patients experiencing bradykinesia demonstrate a reduced capac-
ity to transition between tonic and phasic motor unit recruitment, and the reverse as well. The
authors propose that passive stretching of the muscle could potentially normalize voluntary
activity, while relieving the muscle load may rectify the abnormal termination of voluntary ac-
tions in PD patients[11]. In 1979, Edstrom and colleagues additionally found that in PD patients,
type | and type IlA fibers showed normal levels of sulfur and phosphorus. However, type |IB
fibers(usually referred to as Type IIX fibers in more recent literature), particularly the atrophic
ones, displayed a marked reduction in sulfur content and an increase in phosphorus content.
The authors attributed the findings to the disuse of high activation threshold fast-twitch type
1B motor units[12].

During the 1980s and 1990s, the idea again slowly developed. Dietz et al.(1981) observed that
PD patients frequently exhibited synchronized bursts of electromyography in the leg muscles
and increased muscle tone. The authors suggested that these observations may be partially
attributed to the increase in slow muscle fibers in PD patients. These fibers, given their unique
contractile properties, displayed a heightened resistance to stretching[13]. In 1991, Pedersen
and colleagues found that in PD patients, the time taken for the adductor pollicis muscle to
reach half tetanus contraction was notably shorter compared to a control group, a result unaf-
fected by medication status. Moreover, the speed at which muscles relaxed in PD patients was
notably increased compared to the normal control group, possibly indicating an elevated muscle
metabolism due to higher muscle tone. The authors suggested that the shortened muscle con-
traction time and increased muscle relaxation rate could be factors contributing to muscle stiff-
ness in PD patients[14]. In 1996, Rossi et al. indirectly evaluated PD patients’ muscle modifica-
tion using surface electromyography and muscle biopsy. The researchers discovered that in PD
patients, there was a tendency for type | fibers in the tibialis anterior muscle to hypertrophy.
This was also associated with a reduced rate of conduction velocity and changes in median fre-
guency during stimulated contraction of the same muscle in these patients[15].

In the 2000s, Nuyens et al.(2000) found that PD patients exhibited a decrease in resistive
torque during repetitive tasks when compared to healthy individuals. The researchers hypoth-
esized that this finding could be partially attributed to a reduction in voluntary muscle strength
and a shift in muscle fiber types towards low-threshold tonic fibers due to hypertonia, coupled
with the selective disuse of high-threshold phasic motor units[16]. In 2002, Inkster and col-
leagues conducted a study comparing lower leg strength and the capacity to stand up from a
chair between PD patients and control subjects. Despite the PD patients in this study having
mild PD and maintaining activity levels similar to the control group, the authors discovered that
these PD patients exhibited lower extensor torques in their hip and knee[17]. Building on this,
Paasuke et al.(2004) also identified leg extensor muscle weakness in PD patients, a condition
that was found to be associated with difficulties in rising from a chair. The authors underlined
the multifaceted nature of muscle weakness in PD patients, pointing to abnormal motor unit
discharge patterns and peripheral alterations in muscle fibers as potential contributing fac-
tors[18]. In 2004, another group of researchers explored if the muscle weakness observed in PD
patients was a result of reduced agonist activation, the engagement of a pathological oscillator,
or a combination of both. The researchers suggested that the high occurrence of type | fibers,
which exhibit lower discharge frequency, in the muscles of PD patients might have influenced
their findings[19]. In 2007, Mak et al. conducted a quantitative analysis of trunk rigidity in PD
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patients. They proposed that in PD patients, the resistance of trunk muscle tone increased more
noticeably with an increase in passive movement speed compared to the control group. Fur-
thermore, the data was more consistent in PD patients than in the control group. The authors
speculated that this could be attributed to alterations in the trunk muscles of PD patients[20].

In the decade of the 2010s, Mu et al.(2012) revealed that PD patients experiencing dysphagia
showed signs of fiber atrophy, fiber type grouping, and a transition from fast to slow myosin
heavy chain in their pharyngeal constrictor and cricopharyngeus muscles[21]. This research
group also identified a link between these phenomena and damage to the peripheral motor
nerves, such as nerve X, the pharyngeal branch of nerve X, intramuscular nerve branches, and
axon terminals in the neuromuscular junctions. This damage was assessed by examining the
histopathological marker of alpha-synuclein aggregates[22]. Kelly et al.(2014) investigated the
muscle tissue phenotype and discovered that PD patients had a larger cross-sectional area of
type | myofibers and greater type Il myofiber size heterogeneity than non-PD controls[23].
Nishikawa and colleagues(2017) explored the spatial distribution pattern of electromyography
during continuous contraction of the vastus lateralis muscle in both healthy individuals and
those with PD. The investigators found that in PD patients, the variations and alterations in the
activation pattern were less pronounced than in healthy individuals. The researchers theorized
that there could be irregularities in the descending commands originating from the basal ganglia
and directed to the motor neurons in PD patients, which may lead to aberrations in the recruit-
ment strategies of motor units. Additionally, the researchers suggested the potential for fiber
type grouping in PD patients, which could further impact changes in the amplitude distribution
of spatial electromyography([24]. Krumpolec and colleagues(2017) examined the impact of aer-
obic-strength workouts on total body metabolism and the properties of skeletal muscles in PD
patients and age-matched control subjects. The researchers found that the vastus lateralis mus-
cle in PD patients showed hypertrophy of type Il fibers after endurance training. Exercise could
also reduce the type I/type Il fiber ratio in both the control group and PD patients, according to
the study([25]. Kelly et al.(2018) likewise studied the impact of resistance training on the remod-
eling of motor units of the vastus lateralis muscle in PD patients, as well as young and older
adults without PD. PD patients showed greater motor unit remodeling than what is typically
seen in normal aging, and resistance training could potentially reverse myosin heavy chain ex-
pression in some of the grouped type | myofibers[9].

In the 2020s, Lavin et al.(2020) studied the transcriptional networks in skeletal muscle that
are associated with Type | myofiber grouping in PD patients, as well as in older adults who were
matched for both age and sex, and young adults who were matched for sex. The researchers
identified co-expression networks linked to phenotypes that were pathologically increased in
PD muscle tissue. The networks were associated with the size of type | myofiber groups and
another network was related to the percentage of type | myofibers found within these groups.
These networks were related to various biological processes, such as neurotransmission, neural
development, cell survival, regulation of the cell cycle, inflammation, and energy metabo-
lism[26]. Nishikawa et al.(2020) examined the motor unit behavior in female PD patients using
surface electromyography. The authors found out that compared to control subjects, PD pa-
tients exhibited laterality of motor unit activation in their legs. Furthermore, PD patients
demonstrated reduced muscle strength and irregular motor unit activity, which included in-
creased rates of motor unit firing and an abnormal relationship between the average motor unit
firing rate and motor unit threshold[27]. The same group of researchers(2022) compared the
vastus lateralis muscle activity in female PD patients and the healthy age-matched female con-
trols. In comparison to the control subjects, those with PD exhibited considerably higher en-
tropy and reduced heterogeneity in the electromyography signals from the more impacted side
of the lower limbs. Furthermore, this asymmetry in motor patterns continued to be present
even when the patients were on dopaminergic medications[28]. On another note, Ginanneschi
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and colleagues(2021) studied alterations in the excitability of the corticomotor pathway follow-
ing upper-limb exercise in patients with PD. They found that the score for Part 3 of the UPDRS
improved after two months of training, and this improvement was linked to a higher plateau of
the post-training input-output curve obtained through transcranial magnetic stimulation. The
authors proposed that this outcome suggests that exercise training might rehabilitate the re-
cruitment and firing rate of large motor units, specifically Type Il motor units, which are capable
of fast and powerful movements[29].

3.2. Type | myofiber grouping in various muscles of PD patients

Research spanning several decades has significantly enhanced our understanding of the type
| myofiber grouping in PD patients. Early studies in the 1970s detected atrophy in fast-twitch
muscle fibers and irregularities in shifting between motor unit types[1][9][10][11]. In the fol-
lowing decades of the 1980s and 1990s, observations included synchronized bursts of electro-
myography in leg muscles, faster muscle contraction and relaxation rates, and changes detect-
able through electromyography and biopsies. These phenomena were thought to be related to
modifications in muscle fibers and a preference for low-threshold tonic fibers[12][13][14]. Re-
search in the 2000s also highlighted decreased resistive torque, weakened leg muscles, and
trunk rigidity alterations in PD patients, suggesting abnormal motor unit discharge and muscle
fiber changes[15][16][17][18][19]. During the 2010s, studies by Mu and colleagues[20][21] un-
derscored the presence of dysphagia in PD patients, indicating signs of fiber atrophy, fiber type
grouping, and a shift in myosin heavy chain within their pharyngeal muscles. Additionally, other
researchers during this decade observed alterations in muscle activation, and the possible ad-
vantages of resistance training[9][23][24][25]. In the 2020s, research delved into transcriptional
networks in skeletal muscles, motor unit behavior, and the impact of exercise on large motor
units. Findings highlighted asymmetric motor unit activation, irregular motor unit activity, and
persisting asymmetry in motor patterns, even when under medication[26][27[28][29]. Over the
years, research has revealed a complex interaction between neuronal and muscular factors in
the pathology of PD patients. We can construct the following overview by categorizing these
studies according to specific muscles as shown in <Table 1>.

Table 1. The effect of type | myofiber grouping on specific muscles in parkinson's disease patients.

Fiber t
Muscle type oerpe Type | myofiber Type Il myofiber

Hypertrophy(in patients with marked rigidity)
Biceps brachii muscles or atrophy(in patients who were affected by
akinesia and had minor rigidity)[2]

Atrophy(2]; a significant decrease in
sulfur in atrophied type IIB fiber[12]

Atrophy(type IIB fibers), & decrease
sulfur concentration in atrophied type IIB
fibers[12]; heterogeneous type I
myofiber size[9][23]

Type | myofiber grouping[9][23][24]; increased
Quadriceps femoris muscles |type | myofiber group size, cross-sectional area,
and motor unit activation[9][23]

Hypertrophy, which was associated with
smaller conduction velocity, and median
frequency of the power spectrum(non-invasive
surface electromyography)[15]

Tibialis anterior muscles Atrophy in some cases[15]

Decrease in the number, and a transition
from a fast to slow myosin heavy chain in
the pharyngeal constrictor and
cricopharyngeus muscles[21]

Atrophy, type | myofiber grouping in the
Pharyngeal muscles pharyngeal constrictor and cricopharyngeus
muscles, associated with dysphagia[21]

Paraspinal muscles Hypertrophy[30] Loss[30]
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3.2.1. Biceps brachii muscles

Edstrom in the 1970s described that in the case of the biceps brachii muscle, there was a
tendency for type Il fibers to atrophy. For type | fibers, they appeared at normal size or even
showed a tendency for hypertrophy in patients with marked rigidity. Conversely, atrophy was
also observed in patients who were predominantly affected by akinesia and had minor rigid-
ity[2]. In 1979, Edstrom et al. conducted fiber type analysis of the muscle based on stainability
for alkali and acid-stable ATPase and measured relative concentrations of phosphorus, sulfur,
chlorine, and potassium. The authors discovered type |IB fiber atrophy and a significant de-
crease in sulfur in atrophied type IIB muscles in PD patients[12].

3.2.2. Extensor digitorum brevis muscles

Sica et al.(1973) discovered the functional motor unit loss and abnormally large remaining
motor units in the extensor digitorum brevis muscle of PD patients. In some of the PD patients,
the researchers discovered prolonged terminal motor latencies in the deep peroneal nerve and
a decreased response of the extensor digitorum brevis muscle[10].

3.2.3. Quadriceps femoris muscles

Edstrom et al.(1979) also investigated the fiber type of the quadriceps femoris muscle. The
researchers discovered that, like the biceps brachii muscle, type IIB fibers were atrophied in PD
patients, and that the sulfur concentration in atrophied type IIB fibers of the quadriceps femoris
muscle was decreased[12]. Later, Nishikawa et al.(2017) applied spatial electromyography and
discovered that alterations and variations in the vastus lateralis muscle activation patterns were
not as distinct in individuals with PD as in healthy subjects. This suggests that abnormal motor
unit recruitment strategies may be in effect, along with fiber type grouping in the muscles of
PD patients[24]. Kelly et al.(2014 & 2018) discovered that type | myofiber group size and cross-
sectional area, as well as motor unit activation were increased in PD patients when compared
to older and young adults. The researchers also discovered that type Il myofiber size was more
heterogeneous in PD patients than in non-PD controls[9][23].

3.2.4. Adductor pollicis muscles

Pedersen et al.(1991) discovered that the contraction time and relaxation rate were de-
creased and increased in PD patients, respectively. Because both muscle tone and metabolism
are generally elevated in PD patients, the authors hypothesized that the phenomenon could
have been caused by muscle stiffness. Because Parkinsonian medication did not affect muscle
contraction time or force output, the authors hypothesized that secondary changes in PD pa-
tients' muscles could influence muscle contraction characteristics in the long run[14].

3.2.5. Tibialis anterior muscles

Using muscle biopsy, Rossi et al. discovered a tendency for type | fiber hypertrophy and type
Il fiber atrophy in the tibialis anterior muscle of PD patients. The conduction velocity and me-
dian frequency of the power spectrum of the tibialis anterior muscle were smaller in PD patients
with type | fiber hypertrophy, according to non-invasive surface electromyography[15].

3.2.6. Pharyngeal muscles

Mu et al.(2012) revealed that pharyngeal constrictor and cricopharyngeus muscles in PD pa-
tients with dysphagia showed signs of fiber atrophy, especially type | fibers, fiber type grouping,
and a transition from fast to slow myosin heavy chain[21]. The same group of researchers also
discovered a link between these phenomena and damage to peripheral motor nerves such as
nerve X, the pharyngeal branch of nerve X, intramuscular nerve branches, and axon terminals
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in neuromuscular junctions. The histopathological marker of alpha-synuclein aggregates[22]
was used to assess this peripheral nerve damage.

3.2.7. Paraspinal muscles

Wrede et al.(2012) biopsied the paraspinal muscles of PD patients with camptocormia and
discovered hypertrophied type 1 fiber and loss of type 2 fibers, structural defects in the disor-
ganized fibers, and loss of oxidative enzyme activity and phosphatase reactivity. The author
hypothesized that such changes in the trunk muscles could result in camptocormia and dimin-
ished ability to maintain the trunk’s upright posture[30].

To sum up, the grouping of type | muscle fibers in PD seems to be muscle-specific and is
associated with the disease's duration, severity, and particular symptoms such as muscle weak-
ness and rigidity. While there are instances where atrophy of type | muscle fibers is reported, a
trend toward hypertrophy is often observed. Although hypertrophy of type | muscle fibers can
sometimes be found in ungrouped fibers, it is more commonly seen in grouped fibers[21][30].

In certain instances, like in the pharyngeal muscles, type | muscle fiber grouping can be ob-
served, but instead of hypertrophy, the muscle fibers may reduce in size[21]. Conversely, type
Il muscle fibers often show a tendency to atrophy. Exercise training has the potential to alter
both the composition and size of type | and Il muscle fibers. Overall, the proportion of type |
myofibers increases while the proportion of type Il myofibers decreases. These findings are at-
tributed to motor unit denervation-reinnervation[2][7][9][15][23].

3.3. Postulated pathophysiology and mechanisms

Type | myofiber grouping is a common aging phenomenon caused by denervation-reinnerva-
tion of muscle fibers, but the degree of such muscle fiber modification is reported to be more
severe in PD[9][31]. The following hypotheses have been proposed as the cause of muscle fiber
modification in PD patients. First, individuals with PD often selectively engage low-threshold,
tonic motor units, likely due to rigidity or decreased motor capability, and tend to keep high-
threshold motor units less active[21][31][32][33]. Furthermore, a decrease in activity in PD pa-
tients may result in atrophy, particularly in specific muscles due to muscle fiber disuse. As a
result, muscle fibers that are not used may atrophy, while remaining muscle fibers may undergo
compensatory hypertrophy[21][31][34][35].

Next, according to Mu et al., Type | myofiber grouping appears to be associated with abnor-
mal alpha-synuclein aggregation[22]. Alpha-synuclein is a presynaptic neuronal protein that is
genetically and neuropathologically linked to PD. In PD patients, alpha-synucleinopathy is
mostly studied in conjunction with damage to the enteric and central nervous systems[36].
However, the findings suggest that alpha-synucleinopathy-related peripheral nerve damage
may be linked to motor unit remodeling in PD[21][22], and more research is needed in this area.

Recently, peripheral neuropathy has been identified in PD patients, alongside the simultane-
ous occurrence of phosphorylated alpha-synuclein accumulations and mitochondrial dysfunc-
tion. Multiple research efforts suggest that such peripheral nerve impairment may be an inher-
ent trait of PD, although the exact mechanism is still unclear. The possible mechanisms behind
these phenomena have been suggested to include comorbidity of diabetes, mitochondrial dys-
function, oxidative stress, and mutations in the Parkin gene[37]. Furthermore, aggregates of
alpha-synuclein in the cutaneous nerves are proposed as a potential biomarker for patients with
idiopathic PD. In 2014, Donadio and colleagues found that patients with idiopathic PD exhibited
phosphorylated alpha-synuclein in their proximal peripheral nerves. This was associated with
small-fiber neuropathy and denervation of the leg epidermis. Given that these alterations were
not observed in other patients with parkinsonism, the researchers proposed that the presence
of phosphorylated alpha-synuclein could serve as a potential biomarker to differentiate idio-
pathic PD from other forms of parkinsonism[38]. More recently, Corra et al. noted a correlation
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between peripheral neuropathy and gait and balance impairments in PD patients[39]. While the
direct link between peripheral nerve damage and type | myofiber grouping in PD patients re-
mains unclear, it's noteworthy that these have been recently emphasized as characteristics in
PD patients. Therefore, more research is needed to develop personalized treatments based on
these findings. Motor unit remodeling caused by denervation-reinnervation of muscle fibers is
known to precede functional deterioration of the muscles in PD[9]. Denervated muscle fibers
either die or are reinnervated by the branching axons of nearby motor neurons. Motor unit size
and number decrease in the latter case, resulting in abnormal groupings of muscle fibers ex-
pressing the same myosin heavy chain isoform. As a result, abnormal recruitment of motor units
occurs in such grouped muscle fibers[37]. Dual innervation by two separate motor neurons oc-
curs in some aged muscle fibers, particularly in the elderly, which may explain why type | to
type Il conversion is possible[9]. Furthermore, regardless of exercise or drugs, these skeletal
muscle changes tend to occur from an early stage of the disease[33][40]. Muscle atrophy can
be observed as early as the initial stages of PD, and PD-related neuropathology can lead to
further muscle atrophy and weakness, creating a vicious cycle[41].

Type | myofiber grouping is found not only in PD patients but also in the muscles of the elderly.
Grouped type | myofibers exhibit some of the characteristics of type Il myofibers, such as re-
cruitment-dependent hypertrophy, low capillary supply, and sarcoendoplasmic reticulum cal-
cium ATPase expression. This implies that type Il muscle fibers converted to type | muscle fibers
via denervation-reinnervation are not fully converted to type | muscle fibers. Furthermore, type
Il muscle fibers converted to type | muscle fibers are thought to have a higher potential for
hypertrophy than original type | muscle fibers. As a result, these factors may be responsible for
the hypertrophy of type | myofibers in muscles where type | myofiber grouping has occurred[40].

The following may explain why the proportion and grouping of type | myofibers increase se-
lectively during muscle denervation-reinnervation. First, while denervation may occur at the
same rate for all myofiber types, it is reasonable to assume that preferential reinnervation to
type | myofibers occurs because motor units with lower thresholds are recruited first. Further-
more, motor symptoms of PD, which activate motor units with a low threshold and increase
skeletal muscle tone, may also facilitate reinnervation into type | myofibers by favoring the
maintenance of low-threshold motor units[2][9][42][43]. In a study of gene transcriptional pro-
filing of skeletal muscle samples, the increase in group size and the ratio of type | muscle fibers
in PD was found to be related to altered gene expression, and skeletal muscle itself could play
an active role in signal transduction to promote muscle fiber survival, nerve redistribution, and
remodeling[26].

3.4. Possible therapeutic approaches

Motor symptoms such as bradykinesia, postural instability, and rigidity in PD are typically
understood in relation to dopaminergic cell damage in the substantia nigra. However, according
to the above-mentioned research findings, type | myofiber grouping in various muscles of PD
patients also appears to affect motor symptoms such as rigidity or muscle weakness in the pa-
tients. For example, Mu et al. discovered that type | fiber grouping in pharyngeal muscles of PD
patients was associated with dysphagia. Dysphagia is a symptom of PD that doesn't respond
well to drug treatment[21]. Other researchers, including Pedersen et al.(1991) and Nishikawa
et al.(2022), also found PD-related motor patterns that appear to be related to type | myofiber
grouping that was unaffected by medication status[14][28]. These findings indicate that dopa-
minergic drugs cannot effectively treat PD symptoms stemming from muscle fiber modifications.
It is therefore critical to develop a variety of alternative disease-modifying interventions[21].

According to Kelly et al.[9][23], high-intensity exercise, such as resistance training, can im-
prove the size of muscles, mitochondrial function, and physical fitness in PD patients. The au-
thors discovered that after high-intensity exercise training, type Il myofibers in their study
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switched from more fatigable IIX to less fatigable IIA. In addition, there was hypertrophy in both
type | and Il fibers, and mitochondrial complex activity in the muscle fibers increased[23]. Re-
sistance training may also help to stabilize neuromuscular junction and motor unit activity. Re-
sistance training was found to reverse a portion of grouped type | myofibers in PD patients with
the most advanced type | myofiber grouping by reversing their myosin heavy chain expres-
sion[9].

These findings suggest that some grouped type | myofibers in PD patients can be converted
to type Il myofibers via strength training or high-intensity exercise. However, there is a lack of
research on how much exercise is most effective in grouped muscle fibers in PD patients. Fur-
thermore, many type Il muscle fibers in PD patients have already been grouped and converted
to type | myofibers. It is also important to consider the possibility that it will be difficult for all
the converted muscle fibers to recover to their original state. As a result, a variety of exercises
that can activate both the patients' remaining types | and Il myofibers must be developed to
ensure that the remaining motor units are not further damaged and are well maintained. Energy
metabolism issues or neuroinflammation, according to Lavin et al.[20], can also affect type |
myofiber grouping. As a result, it can be inferred that restoring impaired circadian rhythm and
energy metabolism, as well as improving PD patients' metabolic state may be beneficial in treat-
ment.

Meanwhile, therapies such as bee venom acupuncture, known for its neuroprotective effects,
could also be explored as options for PD patients to mitigate peripheral nerve damage. Studies
by Cho and colleagues in 2012 and 2018 showed significant enhancements in the UPDRS score
for PD patients who underwent bee venom acupuncture treatment[44][45]. While continuous
exposure to bee venom may not halt neurodegeneration sufficiently to prevent the manifesta-
tion of PD[46], it might exhibit local neuroprotective effects on the peripheral nerves of these
patients. Several animal-based studies have demonstrated that bee venom possesses a neuro-
protective effect against peripheral neuropathy. Research by Baher & Abo-Zeid showed that
administering bee venom during early stages served a neuroprotective role against the advance-
ment of diabetic neuropathy and could also reduce blood glucose levels in a rat model of dia-
betes[47]. Er-Rouassi et al.(2023) showed that injections of bee venom could promote the re-
covery of section-sutured facial nerves. Furthermore, these injections also enhanced functional
restoration and reinnervation, as seen in the improvements in whisker movement and normal-
ization of nasal deviation[48]. These findings indicate that bee venom exhibits a local neuropro-
tective effect. When applied locally, it could potentially impede further type | myofiber grouping
in individuals with PD. However, further research is needed to fully explore this potential.

4, Conclusion

Over the last five decades, research on PD patients has revealed a variety of motor abnor-
malities and muscle changes. Edstrom first reported selective changes in the sizes of red and
white muscles in PD patients in the 1970s. Since then, researchers have been investigating at-
rophy in fast-twitch muscle fibers, inconsistencies in shifting motor unit types, synchronized
bursts of electromyography, decreased resistive torque, weakened leg muscles, and changes in
trunk rigidity. It appears that different muscles in the trunk, as well as the upper and lower
extremities, are all affected in PD, with the general tendency being hypertrophy of slow-twitch
type | myofibers and atrophy of fast-twitch type Il myofibers.

Type | myofiber grouping, a common aging phenomenon, is markedly worse in PD, possibly
due to selective activation of low-threshold, tonic motor units. This remodeling, which is caused
by denervation-reinnervation, occurs before functional muscle deterioration in PD and results
in abnormal recruitment of motor units in grouped fibers. This grouping is also associated with
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abnormal alpha-synuclein aggregation, a neuronal protein linked to PD, suggesting that alpha-
synucleinopathy-related peripheral nerve damage could be linked to motor unit remodeling.

While motor symptoms of PD are typically attributed to dopaminergic cell damage in the
substantia nigra, research suggests that type | myofiber grouping in various muscles could also
influence symptoms such as rigidity or muscle weakness. Symptoms such as dysphagia, which
do not respond well to drug treatment, have been associated with type | fiber grouping. Conse-
quently, dopaminergic drugs may not effectively treat PD symptoms arising from muscle fiber
changes, highlighting the need for alternative interventions. High-intensity exercise like re-
sistance training, has been found to induce beneficial changes in muscle fibers, potentially con-
verting some grouped type | myofibers back to type Il in PD patients. However, challenges re-
main, including determining the most effective exercise volume and addressing metabolic issues
and neuroinflammation which can also affect type | myofiber grouping.

Meanwhile, according to some studies, the aggregation of alpha-synuclein and peripheral
nerve damage have been linked to type | myofiber grouping in PD patients. Moreover, periph-
eral nerve damage has been recently associated with idiopathic PD. The relationship between
the degree of peripheral nerve damage and type | myofiber grouping has not been thoroughly
explored yet. Therefore, additional research is needed to understand this potential correlation.
Bee venom acupuncture, known for its neuroprotective properties, might also be a potential
treatment for peripheral nerve damage in idiopathic PD patients. This could potentially prevent
type | myofiber grouping resulting from peripheral nerve damage in these patients, particularly
if applied in the early stages.

The studies included in this paper have the following limitations. First, a lot of difficult work
was required in studies that performed muscle biopsies on PD patients, typed the myofiber phe-
notype, and thoroughly evaluated the patient's muscle-specific motor function. As a result, the
number of subjects per study was typically limited to around ten people. As a result, the con-
sistency of the results may have weakened from study to study. Furthermore, the pathophysi-
ology of PD is heterogeneous and complex. There is a lack of understanding regarding how my-
ofiber grouping manifests in different subtypes of PD. As a result, more research in this field
will be required in the future to develop disease-modifying treatments for PD patients.
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Abstract

Purpose: The purpose of this study is to investigate the effects of home training(HT) and gym training(GT) on
body composition and basic physical fitness in female college students.

Method: In this study, 39 female first-year physical education students enrolled in K University in D city were
selected as the subjects of the home training group(HT, n=15), gym training group(GT, n=12), and control
group(Con, n=12). The subjects were fully informed of the purpose of the study and gave their voluntary consent
to participate in the study. Body composition was measured by Weight, Body Mass Index, Percent Body Fat, Body
Fat Mass, Lean Body Mass, and Skeletal Muscle Mass. Physical fitness was measured by grip strength, sit-ups,
vertical jump, sitting trunk flexion, and standing on one leg with eyes closed. The exercise program consisted of
a warm-up, main exercises(upper body, core, and lower body), and a cool-down, with the core exercises being
the same for both programs. Data processing for this study was performed using the SPSS 27.0 statistical pro-
gram to calculate the mean and standard deviation for each measure, and a two-way analysis of variance with
repeated measures was performed to examine the effect of each item by group and time of measurement. If the
interaction was significant, a paired samples t-test was performed, and a one-way analysis of variance was per-
formed to analyze the difference in the mean of the dependent variable between groups at the same time point.
Statistical significance was considered at p<.05 for all measures.

Results: The main effects of body composition period were significant(p<.05) for body weight, LBM, and skel-
etal muscle mass, with no significant group interaction. Post hoc tests of the main effect of time revealed a sig-
nificant main effect for body weight, but no significant post hoc differences from pre to post for any group. The
main effects of physical fitness period were significant(p<.01) for the vertical jump, grip strength(left), grip
strength(right), sit-ups, and standing on one leg with eyes closed, but the group interaction was not significant
for all items. Post hoc tests of the main effect of time showed that the HT group significantly(p<.05) increased
from pre to post in the standing vertical jump, grip strength(left) was significantly(p<.05) lower in the GT group
from pre to post, and sit-ups were significantly(p<.01) higher in the HT group from pre to post.

Conclusion: Gathering the results above, the home training group showed an increase in sit-ups and vertical
jump in place from the pre- to post-training, it is possible to see some effectiveness of the training, but it is difficult
to clear conclusions. Therefore, further research is needed to determine the effectiveness of home training.

Keywords: Female College Students, Home Training, Gym Training, Body Composition, Physical Fitness

1. Introduction

The sudden and disruptive lifestyle changes in recent years have brought about a major shift
in the paradigm of health promotion and physical activity. Since the outbreak, there has been a
sharp decline in the culture of exercise participation due to emotional, social, and personal rea-
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sons, but the desire to move, which is human nature, has created an atmosphere where meth-
ods for physical activity and health promotion are being explored and developed differently
than before the pandemic[1].

Even before the coronavirus pandemic, modernized societies have seen a decline in physical
activity due to the prevalence of sedentary work and automated workplaces, leading to a health
problem known as hypokinetic disease[2]. At the center of these changes is the growing popu-
larity of home training, a compound word that combines the words "home" for house and "train-
ing" for exercise, and has become a trend for the modern era[3]. With the current trend of
increasing utilization and frequency of video sites as well as social network services(SNS), it has
grown to become one of the most prominent and accessible health promotion and hobby activ-
ities for modern people in the post-COVID-19 era.

Home training refers to exercises that use your own body weight and do not use any specific
tools, and it is a Korean expression that refers to exercises that you do on your own at home to
maintain your health, lose weight, and get in shape[4][5]. It also saves time and money, which
is the biggest advantage of home training, and has become a trendy way to get in shape at home
without having to visit an indoor or outdoor sports center. Thanks to the use of electronic de-
vices, social media, and media technology, more and more people are using home training be-
cause they can access know-how and various exercise methods through video content without
having to communicate directly with professional trainers[6][7]. Accordingly, the demand for
home training that can be conveniently performed at home without time and space constraints
is increasing, and the related market is growing rapidly. For example, real-time, non-face-to-
face exercise programs using the video conferencing platform zoom have recently been re-
ported to be highly preferred, and studies have been published to verify the effectiveness of
exercise[8][9].

A review of the literature on face-to-face home training suggests that while it does not have
a significant effect on weight loss, regular home training has been reported to have positive
improvements in physical self-efficacy and psychological factors associated with depression in
obese individuals[10]. In addition, in the field of health and exercise psychology, home training
has been shown to improve an individual's objective physical performance, such as athletics or
dance, as well as their subjective physical performance[11][12].

In addition to improving these psychological factors, adequate levels of physical activity can
help relieve stress and prevent disease, and play an important role in health management, so it
can be seen that quality of life and home training are closely related[13][14]. Furthermore, a
study on the effects of four weeks of virtual home training on stress, depression, and self-effi-
cacy in adults confirmed the positive effects of home training on stress, depression, and self-
efficacy[3][15]. The results confirmed the positive psychological effects of online, non-face-to-
face home training for health for people with environmental and social limitations.

The studies discussed above have shown that participation in exercise has a positive impact
on self-efficacy and health, and that adequate levels of physical activity can help reduce stress
and prevent disease. However, the various benefits of a proper exercise program through home
training, which has gained popularity since COVID-19, have not been validated.

Therefore, this study investigated the effects of home training(HT) and gym training(GT) on
body composition and basic physical fitness of female college students.

2. Research Method

2.1. Participants
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The subjects of this study were first-year female students of physical education enrolled in D
City K University, and a total of 39 subjects were selected as home training group(HT, n=15),
gym training group(GT, n=12), and control group(Con, n=12). This study was selected as a person
who can perform physically and healthily without difficulty, and before entering this experiment,
it was conducted after receiving sufficient explanation of the purpose of the study and consent
to active participation. The physical characteristics of the research subjects are shown in <Table
1>,

Table 1. Characteristics of the participants.

Height(cm) Weight(kg) BMI(kg/m?) BFM(kg) LBM(kg)
HT(n=15) 163.07+4.98 58.47+6.95 22.00+2.59 15.59+4.67 42.87+3.77
GT(n=12) 160.79+4.33 59.7949.26 23.10+3.32 17.5845.54 42.21+4.29
Con(n=12) 161.78+5.61 56.97+4.06 21.83+2.01 15.1943.48 41.78+3.06

Note: All values are mean + standard deviation. BMI; body mass index. BFIM; body fat mass, LBIVI; lean body mass.

2.2. Measurement and methods
2.2.1 Body composition

Height(cm) and weight(kg) were measured using an anthropometric stadiometer(BSM370,
Bio-space, Korea). Weight(kg), Body Mass Index(kg/m?2), Percent Body Fat(%), Body Fat Mass(kg),
Lean Body Mass (kg), and Skeletal Muscle Mass(kg) were measured using a body composition
analyzer(Inbody 570, Korea) measured by bioelectrical resistance method. Before measuring,
remove your shoes and socks, remove any metal objects, stand on a step stool, hold the handle
with both hands, keep your arms straight down, and spread your armpits away from your body.
Body circumference was measured at the triceps, forearm, chest, abdomen, waist, hip, femur,
and lower leg(8 items) using a flexible, non-stretchable tape measure, and subcutaneous fat
thickness was measured at the triceps, biceps, subscapularis, chest, abdomen, superior iliac
spine, femur, and axillary region using a digital caliper(skyndex, USA).

2.2.2. Physical fitness
2.2.2.1. Grip strength

To assess muscle strength, participants were asked to stand up straight with their feet shoul-
der-width apart, let their arms hang down naturally, leave enough space between their armpits
and arms to fit a fist, and then pull the dynamometer with as much force as they could muster.
Two measurements were taken, alternating between the right and left hand, to record the high-
est value.

2.2.2.2. Sit-up

Muscular endurance was measured by sit-ups, which were performed while lying on a bench,
knees bent and raised to 90 degrees, hands clasped comfortably behind the head, elbows touch-
ing the knees in a single repetition for 30 seconds to record the maximum number of repetitions.

2.2.2.3. Vertical jump

Quickness was measured in the vertical jump, and the vertical jump is to measure the leaping
power, and the subjects were asked to jump as high as possible while standing with their knees
extended on a rubber plate with a sensor attached, and bending and extending their knees mo-
mentarily. However, no recoil was allowed before the jump, and the highest value was recorded
after two measurements.
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2.2.2.4. Sitting trunk flexion

Flexibility is measured by sitting up and forward bending, where you sit with your legs straight
and locked together. Without recoil, extend your hands forward side by side with your palms
facing up and record the distance you can extend your fingers. The highest value was recorded
after 2 measurements.

2.2.2.5. Standing on one leg with eyes closed

Balance is measured by standing on the leg with eyes closed with one leg folded and held up.
Once you're in position, close your eyes to start the measurement. The time is checked from
the moment you close your eyes while raising your arm and leg at the same time, and the end
point is when the raised leg falls down and touches the sleeping surface. This method measures
the time in seconds from the initial pose to the end.

2.3. Exercise program

There are two types of exercise programs: home training and gym training, and the exercises
are performed 3 times a week for 6 weeks for 1 set of 15 reps. The number of sets gradually
increased as the program progressed, culminating in 4 sets of 15 reps in week 6. The exercise
program consists of upper body strength, lower body strength, and abdominal(core) strength
exercises, with the exception of abdominal strength, which is the same for both home and gym
training programs. For each part, you can choose 3 out of 6 exercises for a total of 9 exercises,
followed by 5 minutes of stretching and aerobic exercise as a warm-up, 5 minutes of main ex-
ercise(10 minutes for upper body, 10 minutes for core, and 10 minutes for lower body), and 5
minutes of cool-down stretching.

Also, the researcher take a video all the exercises performed by the participants for each of
the home and gym training sessions for 6 weeks and provided them to all participants via
SNS(KakaoTalk). Verbal feedback was provided to ensure that the participants performed the
exercises in the correct way each week, and the researcher continuously checked the participa-
tion and performance of the exercises via smartphone messenger. The composition of the ex-
ercise program is shown in <Table 2> and <Table 3>.

Table 2. Home training exercise program.

Type Time(min) Intensity
Warm up Stretching 5min
Push up
Pulse down
Arm walk
Upper body
Cobra days
40min
Shoulder taps 1week
-15rep 1set,
Superman
Flank 2~3week
-15rep 2set,
Mountain climer
- 4~5week
Abdominal Scissor clap -15rep 3set,
exercise
In & out . 6week
Cycling 40min -15rep 4set
Butterfly crunch
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Back lunge + knee up

Side lunge

Forward lunge

Lower body
Squat side leg raise

Squat toe touch

Side toe tap

Cool down Stretching 5min

Table 3. Gym training exercise program.

Type Time(min) Intensity
Warm up Stretching 5min
Long pull
Lat pull down
Side lateral raise
Upper body
Back extension
Bent over barbell-low
Shoulder press
1week
Flank -15rep 1set,
Mountain climer
: 2~3week
Abdominal Scissor clap ) -15rep 2set,
. 40min
exercise In & out
4~5week
Cycling -15rep 3set,
Butterfly crunch
6week
Leg press -15rep 4set
Leg curl
Leg extension
Lower body
Hip abduction
Squat
Forward lunge
Cool down Stretching S5min

2.4. Experimental procedures

The two exercise programs used in this study were designed by the researchers themselves,
and the participants were given a video demonstration of the correct movements and exercises
to perform before the experiment. Before entering the experiment, a pretest was conducted to
measure body composition and physical fitness, and then the experiment was conducted. After
six weeks of exercise, the posttest was conducted in the same way as the pretest. In addition,
to check the progress of the experiment, after performing the exercise for one week, the par-
ticipants were asked to fill in the personal exercise checklist distributed by the researcher be-
fore the experiment by writing down the type of exercise, number of exercises, number of sets,
and exercise time(start time, end time) for each day. A total of 39 researchers participated in
the study, including 15 in the home training group, 12 in the gym training group, and 12 in the
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control group, excluding those who gave up(four in the control group) due to personal circum-
stances and injuries in daily life.

2.5. Statistical analysis

For data processing in this study, SPSS 27.0 statistical program was used to calculate the
mean and standard deviation of each measurement item, and two-way analysis of variance with
repeated measures was conducted to examine the effect of each item by group and measure-
ment time. When interactions were significant, a paired samples t-test was performed to ana-
lyze differences in the means of the dependent variables between time points within the same
group, and a one-way analysis of variance was performed to analyze differences in the means
of the dependent variables between groups at the same time point. The level of statistical sig-
nificance between all measures was p<.05.

3. Results

Here are the results of a six-week study of female college students to determine the before-
and-after effects of home training.

3.1. Body composition

The results of the analysis of changes in body composition by group and time after the exer-
cise program are shown in <Table 4>. As shown in <Table 4>, the main effect of period was
significant(p<.05) for body weight, LBM, and skeletal muscle mass, and there was no significant
difference in the group interaction. Post hoc tests of the main effect of time showed a significant
difference in body weight, but the post hoc tests showed no significant difference from pre to
post in all groups.

Table 4. Changes in body composition across groups and time periods.

Weight(kg) BMI(kg/m?) LBM(kg) BFP(%) SMM(kg)
Group

Pre Post Pre Post Pre Post Pre Post Pre Post
HT 58.47 58.49 22.00 21.91 42.87 42.87 26.26 26.28 23.52 23.56
+6.95 +7.25 +2.59 +2.56 +3.77 +4.15 +5.52 +5.70 +2.32 +2.54
GT 59.79 60.24 23.10 23.14 42.21 42.73 28.74 28.45 23.11 23.45
+9.26 +9.75 +3.32 +3.46 +4.29 +4.90 +5.19 +5.54 +2.60 +2.99
Con 59.97 57.81 21.83 21.96 41.78 42.68* 26.51 26.06 22.94 23.48*
+4.06 +4.26 +2.01 +1.86 +3.06 +3.32 +4.73 +4.60 +1.74 +1.90

Time 4.208* 0.144 5.021%* 0.598 5.496*

Group 0.401 0.826 0.094 0.836 0.074

G*T 1.286 0.714 1.601 0.209 1.301

Note: All values are mean * standard deviation, *p<.05, **p<.01, HG: home training group, GT: gym training, Con: control group, BMI: body mass index, LBIVI: lean
body mass, BFP: body fat percentage, SMM: skeletal musde mass.

3.2. Physical fitness

The results of the analysis of the changes in physical fitness by group and time after applying
the exercise program are shown in <Table 5>. As shown in <Table 5>, the main effect of time
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period was significant(p<.01) in the vertical jump, grip strength(left), grip strength(right), sit-up,
and standing on one leg with eyes closed. However, the group interaction did not show signifi-
cant differences in any of the items. Post hoc tests of the main effect of time showed that the
vertical jump was significantly(p<.05) higher in the HT group than in the pre-test, the grip
strength(left) was significantly(p<.05) lower in the GT group than in the pre-test, and the sit-up

was significantly(p<.01) higher in the HT group than in the pre-test.

Table 5. Changes in physical fitness across groups and time periods.

Vertical ium Grip Grip Sit-u Sitting trunk SOLE-closed
Jjump strength(L) strength(R) P flexion test
Group
Pre Post Pre Post Pre Post Pre Post Pre Post Pre Post
HT 34.14 |36.09*| 27.42 | 26.65 | 29.83 | 28.56 | 28.13 |29.67**| 21.73 | 23.02 | 65.33 | 49.07
+6.23 | £6.55 | £4.49 | £3.29 | +£4.49 | £4.18 | £4.82 | £4.75 | £5.44 | £4.22 |+57.91| £5.28
GT 31.53 | 32.84 | 27.71 | 26.58* | 29.26 | 28.76 | 27.58 | 28.75 | 22.14 | 21.37 | 51.25 | 36.75
+7.30 | £8.53 | £3.75 | £4.04 | £3.29 | £2.93 | £4.60 | £9.96 | £4.76 | £4.94 |+36.46|+18.14
Con 30.83 | 31.85 | 28.42 | 27.41 | 29.63 | 29.30 | 24.83 | 28.28* | 19.05 | 18.62 | 71.67 |42.33*
+4.05 | £4.21 | £4.34 | £3.52 | £5.23 | £4.56 | £3.30 | £5.12 | £6.66 | £7.57 |£51.33|+£29.95
Time 10.360** 5.843%* 4.404%* 8.586** 0.003 6.886*
Group 1.348 0.208 0.038 0.670 1.557 0.520
G*T 0.401 0.074 0.812 0.955 1.550 0.359

Note: All values are mean + standard deviation, *p<.05, **p<.01.
HT: home training, GT: gym training, Con: control, SOLE-closed test: standing on one led eyes dosed test.

4. Discussion & Conclusion
4.1. Body composition

Body composition refers to the relative and absolute amounts of the elements that make up
the body and includes body weight, body fat percentage, body fat mass, and skeletal muscle
mass. An adequate amount of fat is an essential component of the human body and is often
used to assess nutritional status. However, obesity, which is the accumulation of excess fat, is
associated with metabolic diseases such as diabetes, hypertension, and cardiovascular disease,
as well as musculoskeletal disorders, which threaten health[16].

The results of this study showed significant differences in body weight, LBM, and skeletal
muscle mass between periods, but no significant differences between groups or interactions.
LBM and skeletal muscle mass increased in the Con group after exercise, with no significant
changes in BMI and body fat percentage. In line with these findings, a previous study reported
that a 12-week online-based home training program for young adults resulted in significant dif-
ferences in body weight, body fat, and body fat percentage, but not in muscle mass[17]. An
eight-week program of non-face-to-face yoga in young adult men and women found that the
exercise group reduced body fat percentage and body fat mass, contradicting a study that found
statistically significant differences[18].

After 10 weeks of weight-bearing exercise in 26 middle-aged women, the researchers re-
ported a significant decrease in body fat mass, body fat percentage, and a significant increase
in skeletal muscle mass[19][20][21]. After a 12-week resistance training program in 17 obese
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middle-aged women, the researchers reported a decrease in body weight, body mass index,
body fat percentage, and an increase in lean body mass in the exercise group[22].

They reported that 10 weeks of non-face-to-face real-time mat Pilates training was effective
in improving body composition, cardiovascular function, and physical fitness in middle-aged
obese women with prolonged sedentary behavior[23][24].

Comparing the results of this study with previous studies, it is believed that the relatively
short duration of 6 weeks of exercise compared to 10-20 weeks of exercise in previous studies,
and the low to moderate intensity of exercise may be insufficient to cause fat loss and increase
skeletal muscle mass.

Therefore, follow-up studies should be conducted at a higher intensity for a longer period of
time 10 weeks or more, and the number of subjects should be increased, as well as the proper
distribution of groups in each group.

4.2. Physical fitness

In general, the elements of physical fitness that define physical fitness include strength,
muscular endurance, cardiorespiratory endurance, flexibility, and agility, and the fundamental
goal of improving physical fitness is to satisfactorily perform tasks that require muscular move-
ment by increasing strength, endurance, and coordination and by maintaining or improving flex-
ibility and joint range of motion[25][26].

The results of this study showed significant differences between the periods in the vertical
jump, grip strength(left), grip strength(right), sit-ups, and standing on one leg with eyes closed,
except for the sitting trunk flexion. After the exercise, the HT group showed a significant in-
crease in vertical jump and sit-ups, while the GT group showed a tendency to decrease grip
strength(left).

A previous study reported that 45 elderly women participated in a 10-week resistance exer-
cise program using elastic bands and found that the exercise group increased their handgrip
strength after 10 weeks, while no significant difference was found in latissimus dorsi
strength[27][28].

This study compared fitness factors by exercise type and intensity in 60 middle-aged women.
The results showed a greater increase in muscle strength in the moderate and high-intensity
resistance exercise groups than in the low-intensity resistance exercise group[29]. This study
found a significant increase in quickness of movement based on the timing of the measurements.
A previous study reported that 12 weeks of high-intensity interval training at an intensity of 70-
80% of HRmax in girls with body fat over 30% showed an increase in the experimental group,
but the difference was not statistically significant[30].

In this study, changes in body composition and physical fitness were measured before and
after exercise performance using an investigator-designed exercise program. However, since
physical fitness includes muscular strength, muscular endurance, cardiorespiratory endurance,
and flexibility, and other physical fitness items are very important for maintaining daily life at
all ages, not just adults, it is necessary to verify the effectiveness of the program in improving
physical fitness in various age groups and genders in subsequent studies. Since this study is a
case study, it is not possible to directly compare the results. In addition, the literature for direct
comparison is very limited, so we believe that more research in this direction is needed in the
future.

This study analyzed the effects of a home training and gym exercise program designed by the
researcher on body composition and physical fitness in female college students by applying 15
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repetitions per set three times a week for six weeks. Based on the results, the following conclu-
sions were drawn. In terms of body composition, there were significant differences in body
weight, LBM, and skeletal muscle mass between periods, but there were no differences between
groups. Therefore, it is considered somewhat insufficient to distinguish the effects of home
training and gym training, and it is difficult to confirm the effect of home training because there
was no difference with the control group.

However, since the home training group showed an increase in in vertical jump and sit-ups
from pre- to post-training, the effectiveness of the training can be somewhat confirmed, but it
is difficult to draw a clear conclusion. Therefore, further research is needed to determine the
effectiveness of home training.
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