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Abstract

Parkinson's disease is a chronic progressive disease of the nervous system associated
with the basal ganglia and is characterized by rigidity, bradykinesia, tremor, and insta-
bility of posture. In addition, it causes indirect disabilities and complications. The aim of
this study was to evaluate the effects of self-check home exercise on fall prevention in
patient with Parkinson’s disease. The present study included 20 patients who met the
study criterion, which was a diagnosis of Parkinson's disease. The present study was
conducted over 12 weeks in the exercise therapy center of the G University Hospital.
Periodically, once a month at the first, fifth, and ninth-week sessions, a neurosurgeon, a
rehabilitation physician, a nurse in charge of neurosurgery programs dedicated to Park-
inson’s disease, a physiotherapist, and an occupational therapist attended the home exer-
cises program to provide group lessons to subjects, to provide feedback regarding the
home exercises program, and to carry out a self-monitoring checklist performance rate.
The results showed significant differences in TUG, FRTA, FRTP, FES, STS, 10MWT,
MBI, and QoL (p<.05). The present study involved showing patients with Parkinson's
disease how to easily perform home exercises and how to provide ongoing feedback for
motivation. The home exercises program of the present study is expected to improve the
lives of patients with Parkinson's disease.
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1. Introduction

The development of medical technology, growth of the economy, and improvement of
living standards have brought about an increase in the elderly population in Korea. This
increase has created social problems, population aging, etc. According to statistics re-
leased by the Korean Statistical Information Service in 2013, the elderly population aged
over 65 years, accounts for 7.33% of the total population. Thus, Korea is expected to
become an aged society (14%) in 2018 and a super-aged society (20%) in 2026. As Korea
becomes a rapidly aging society, aging-associated diseases are increasing accordingly.

A typical aging-associated disease is Parkinson's disease. A review of aging-associated
disease incidences for 10 years revealed that Parkinson's disease had the second highest
growth rate after dementia. Parkinson's disease was first described by James Parkinson in
1817 and is a chronic progressive disease of the nervous system associated with the basal
ganglia, and is characterized by rigidity, bradykinesia, tremor, and instability of posture.
In addition, it causes indirect disabilities and complications [1]. Major symptoms include
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disturbances of movement and gait, changes in sensation, cognitive and behavioral disor-
ders, functional disorders of the autonomic nervous systems, gastrointestinal changes,
and cardiovascular changes. Disease onset is insidious and progress of the disease is slow.
Inability to perform routine functions, roles, and activities often occurs in patients with
Parkinson's disease [2].

Therapeutic approaches for patients with Parkinson's disease include medication, sur-
gical operations, and exercises. For medication, levodopa is used to supplement the lack
of dopamine in the basal ganglia of the brain to counteract the imbalance in neurotrans-
mitters. Levodopa is known as the most effective anti-Parkinson drug but it has been re-
ported to cause exercise complications such as movement agitation, dyskinesias, etc., or
psychological side effects including hallucinations and delusions [3]. The side effects of
the drug increase the incidence of surgical therapy. Thus, surgery therapy is preferentially
applied to the patients who do not respond to drug treatment or have severe side effects.
However, surgery is expensive and results in postoperative side effects, which may result
in a worsened quality of life [4].

Conversely, non-pharmacologic non-invasive exercise therapy is known to promote
brain-derived neurotrophic factors, prevent atrophy of the brain, and affect cognitive abil-
ities. It is also known to promote the secretion of glial-derived neurotrophic factors, in-
crease the uptake of dopamine, and prevent the death of the motor cell [5-7]. Due to the
effects of exercise therapy, many exercise therapies targeted at patients with Parkinson's
disease have been conducted. A review of the effects of exercise therapy found that the
improvement of the ability to balance may have a positive impact on fall prevention. In
addition, it has been reported that exercise therapy improves walking ability, activities of
daily living (ADL), and enhances the quality of life in patients and their caregivers [4, 8-
10]. Moreover, it causes functional improvement in movement and has positive effects on
mental status of patients such as attention, recognition, and emotional control [11].

However, patients with Parkinson's disease experience difficulties in regularly visiting
hospitals and receiving exercise therapy due to other complications, such as serious dete-
rioration of balance, cognitive impairment, and depression, and also because of the risks
of accidents, such as falls [12]. Furthermore, patients with Parkinson's disease have other
problems including the burden of medical expenses due to ongoing medical visits, provi-
sion of transport to visit the hospital as an outpatient and corresponding costs, and the
physical and mental burdens on the caregiver. This causes functional deterioration and
waorsening conditions as well as psychological problems [13, 14]. Considering these prob-
lems, home exercise therapy has been often used to reduce the risk of falling accidents,
bring about medical cost-effectiveness, and reduce costs and burdens associated with
securing transportation to health facilities. Specifically, according to previous studies,
home exercises, such as fall prevention programs for the elderly, balance promotion pro-
grams for stroke patients, and postural control programs for patients with Parkinson's
disease, were widely applied in various diseases, and the effects were demonstrated [13,
15]. However, despite the many benefits of home exercises, factors that militate against
the effects of home exercises have been pointed out, which include a low rate of exercise
performance and incorrect exercise performance by patients in situations where it is diffi-
cult for the therapist to carry out sustainable management [15]. Therefore, the present
study attempted to demonstrate the effects of more advanced home exercises by allowing
patients to check themselves using daily self-tests and regularly training patients and their
caregivers to overcome the shortcomings of more advanced home exercises.
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2. Methods

2.1. Study Design

The present study was based on a cross-sectional study design. Groups were divided
into a pre-tested home exercises program applied group and a post-tested home exercises
program applied group.

2.2. Participants

The present study included 20 patients who met the study criterion, which was a diag-
nosis of Parkinson's disease in the department of neurology of G University in | Metro-
politan City. The patients were on anti-Parkinson medication and were all in an “on-
state" status indicating that they showed drug effects when tested. All the subjects were
informed about the contents of the present study and consented to the experiments. The
inclusion criterion of the present study was a diagnosis of Parkinson's disease by a neu-
rologist. Patients able to walk without a walking aid, who had atypical Parkinson's syn-
dromes such as progressive supranuclear palsy or manifold atrophy, who had symptomat-
ic parkinsonism due to medication, or patients with cognitive disabilities were excluded.
In addition, subjects who did not attain 70% in the 12-week performance rate of home
exercises using a self-check list were excluded.

2.3. Procedure

The present study lasted over 12 weeks in the exercise therapy center of the G Univer-
sity Hospital. Periodically once a month at the first, fifth, and ninth-week sessions, a neu-
rosurgeon, a rehabilitation physician, a nurse in charge of neurosurgery programs dedi-
cated to Parkinson's disease, a physiotherapist, and an occupational therapist attended the
home exercises program to provide group lessons to subjects, to provide feedback regard-
ing the home exercises program, and to carry out the self-monitoring checklist perfor-
mance rate. In addition, patients’ caregivers were encouraged to participate in the home
exercises program so that patients could perform the home exercises program being clari-
fied about its purpose and procedure. Details were provided on how to process the home
exercises program conducted by experienced physiotherapists, and occupational thera-
pists. Moreover, fall prevention education was given. Materials containing the photos and
methods of the home exercises program that subjects could refer to after returning home
were distributed with a self-monitoring checklist. On the fifth week, subjects were re-
trained to understand the home exercises program. Fine hand skills training and ADL
training were given to subjects and a performance rate inspection with a self-monitoring
checklist was conducted. On the ninth week, the home exercises program was conducted
and included a training of the facial muscles, voice training, and a questionnaire assessing
patient satisfaction with respect to the home exercises program. For participants in the
present study, pre- and post-evaluation of subjects were conducted for a one-week period
before and after the research was conducted. A questionnaire-based survey was per-
formed assessing items including balance, walking, muscle strength, falling indexes,
ADL, and quality of life in patients with Parkinson’s disease.

2.4. Methods

Subjects were asked to perform the home exercises program once a day in a relaxed
condition at home, using the knowledge gained in the group lessons and the brochure
provided. The program included four movements: sit and stand, wall push-ups, lying
down and lifting the leg, and lying down and lifting the buttocks. A total of three sets
needed to be conducted 15 times per set. A rest period of 2 minutes was allowed between
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sets. In order to prevent injuries, all the joints were stretched for about 10 minutes before
the start of the home exercises program [16]. After completing the home exercises pro-
gram, subjects were allowed to mark their accomplishment on a self-monitored checkilist.

2.5. Assessment Tool and Data Collection

2.5.1. Ten-meter Walk Test: While the subject walked down a section totaling 10 m, the
time required to walk a 6-m section was measured using a second clock [17-19]. The
assessment of walking speed is a measurement method with high reliability and validity
[20]. The average of the values measured two times consecutively was used as the final
value.

2.5.2. Timed Up and Go Test: The timed up and go (TUG) test is used to evaluate the
walking and balance ability in the elderly and was developed to improve objectivity and
reliability. For the test procedure, the subject is asked to stand up from a chair with
armrests at the word “Start,” to walk for 3 m at the most stable and comfortable speed, to
walk back to the original location, and to sit in the chair. The time from the word “Start”
to the time when the patient sits back on the chair is recorded in seconds using a
stopwatch. The time was measured two times and the average value was adopted as the
final value. The intra-rater and inter-rater reliability of this test was r = .99 and r = .98,
respectively [21].

2.5.3. Functional Reach Test: The functional reach test (FRT) was carried out to
evaluate the patient’s ability to balance. Duncan et al. (1990) reported that this test has a
significant relation to the dynamic balance that predicts falls in the elderly. They
suggested that if the measured value is less than 15.24 cm, the balance ability decreases
which increases the risk of falling [22]. For the start stance, the subject was asked to
clench the two fists in a standing position with both feet apart in shoulder-width on the
fixed supporting surface, to extend the elbow, and to bend the shoulder joint forward at
90°. While maintaining a position horizontal to the installed bar at the height of the
acromion, the subject was asked to stretch the arm to the maximum and to maintain it for
5 seconds without losing balance. In this posture, the first point of the third metacarpal
distally was recorded, this point was allowed to stretch maximally and the distance
between the first and the last point was measured in centimeters. The functional reach
test carried back and forth. Each arm was measured two consecutive times and the
average value was used. In this test, the intra-rater reliability was r = .89 and the inter-
rater reliability was r = .98 [23].

2.5.4 Sit-to-stand Test: The sit-to-stand (STS) test is used to evaluate lower extremity
strength muscle-test and measures the number of times a patient sits down and stands up
from a chair with a backrest and an armrest. During the procedure, subjects were asked to
cross their arms on the trunk and to minimize the movement of the arms. The evaluator
then pressed the start button of the stopwatch when the “Start” command was issued to
the subject and the stop button when the “Stop” command was given.
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2.5.5. Falls Efficacy Scale: The falls efficacy scale (FES) was measured using a Korean
FES version of the scale developed by Tinetti et al. (1990) [24]. A person-to-person
interview with patients was conducted to identify any fears in performing 10 different
actions on a scale of 1 to 10. Subjects who expressed much fear of falling were assigned
10 points while those who did not express any fears of falling were assigned 0 points.
The total score ranges from a minimum of 10 to a maximum of 100 points. Lower scores
mean less fear of falling. The internal agreement of this scale was validated with
Cronbach's a = 0.92 [25].

2.5.6. Korean-version of the Modified Barthel Index: The Korean version of the
modified Barthel index (K-MBI) was developed based on independence in carrying out
basic ADL. This evaluation method reflects daily living abilities, independent functions,
and changes in improved functions in patients with Parkinson’s disease. Ten items were
evaluated including personal hygiene, bathing, eating, waste management, climbing stairs,
dressing, stool control, urine control, and movement from walking/chair and car/bed. This
test is a 5-point scaled test, from total dependence to independence, with a maximum
score of 100. Inter-rater reliability was 0.95 - 0.98 and test-retest reliability was 97 - 1.00
(very high) [26, 27].

2.5.7 Quality of Life Index in Patients with Parkinson’s Disease: Parkinson's disease
guestionnaire (PDQ)-39 developed by Jenkinson et al. (1995) is a self-survey method for
evaluating the quality of life of patients with Parkinson's disease and consists of 8 scales
and 39 questions. The 8 scales comprise the following: movements (10 items), ADL (6),
emotional aspects (6), symptoms (4), social support (3), cognition (4), communication (3),
and physical insecurity (3 items) [28]. The internal agreement of these test questions is
evident with a Cronbach's o = 0.59-0.94 and an inter-rater reliability of r = 0.67-0.87 [29].
The PDQ-8 was designed to select one most critical question from each of the 8 scales of
PDQ-39. PDQ-8 and PDQ-39 have a high correlation (Pearson’s r = 0.96, ICC = 0.95)
[29]. The evaluation was conducted by checking 5 different answers to each of the 8
questions via a one-on-one interview involving the participant and the therapist. The
contents of the answer are “Not at all” (0 points), “Yes, sometimes” (1 point), “Yes,
often” (2 points), “Yes, very often” (3 points), and “Always” (4 points). Scores range
from 0 points (lowest) to 32 points (highest). If calculated based on 100 points, higher
points mean a higher quality of life, while lower points imply a lower quality of life.

3. Results

Eighteen patients with Parkinson's disease participated in the study. The general char-
acteristics of the study subjects are shown in Table 1.

Table 1. General Characteristics of the Participants

Experimental group

(n=18)

Sex (male/female) 18 (5/13)
Age (years) 69.83+6.59
Height (cm) 158.38+7.72
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Weight (kg) 57.38+6.76

Duration(year) 5.44+2.57

Values are presented as mean * standard deviations.

Patients with Parkinson's disease were analyzed in terms of balance, muscle strength of
the lower extremity, walking, ADL, and variables related to the quality of life. TUG, used
to evaluate balance ability, showed a significant difference (p <. 05) with a decrease of
0.98 + 1.73 seconds and FRTA and FRTP which were used to evaluate balance ability,
showed a significant difference (p <.05) with an increase of 2.00 + 3.46 cm and 2.16 +
3.65 cm, respectively. FES, used to evaluate the fear of falling, showed a significant dif-
ference with a decrease of 1.66 = 2.52 (p < .05), not strength STS assessment showed a
significant difference increasing 2.88 + 3.23 times (p < .05). FES, used to evaluate the
fear of falling, showed a significant difference (p < .05) with a decrease of 1.66 + 2.52
and STS which was used to assess the muscle strength assessment of the lower extremity,
showed a significant difference (p < .05) with an increase of 2.88 + 3.23 times. The 10-m
walk test, used to evaluate walking ability, showed a significant difference (p < .05) with
a decrease of 0.73 + 0.67 seconds. MBI which was used to assess ADL, revealed signifi-
cant differences (p < .05) with an increase of 5.55 + 6.85 points and QoL, used to assess
the quality of life, also showed significant differences (p < .05) with a decrease of 1.44 +
1.09 points (Table 2).

Table 2. Changes in The Pre-test and Post-test

Pre-test Post-test Difference (post-pre) t(p)
TUG (sec) 13.59+4.81 12.60+4.47 -0.98+1.73 2.415(0.027)
FRTA (cm) 17.04+6.39 19.04+7.02 2.00+3.46 2.446(0.026)
FRTP (cm) 9.15+6.05 11.31+7.18 2.16+3.65 2.512(0.022)
FES (score) 12.94+7.53 11.27+6.61 -1.66+2.52 2.805(0.012)
STS (number) 24.61+7.22 27.50+6.92 2.88+3.23 3.790(0.001)
10MWT (sec) 6.57+2.30 5.84+2.04 -0.73+£0.67 4.629(0.000)
MBI (score) 78.38+17.26 83.94+14.18 5.55+6.85 3.439(0.003)
QoL (score) 7.38+6.39 5.94+6.59 -1.44+1.09 5.588(0.000)

Values are presented as mean + standard deviations.

TUG: timed up and go test, FRTA: functional reach test anterior, FRTP: functional reach
test posterior, FES: Falls efficacy scale, STS: sit to stand, 10MWT: 10-m walk test, MBI:
modified Barthel index, QoL: quality of life.
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4. Discussion

Parkinson's disease occurs because of dopamine deficiency in the cerebral basal gan-
glia. Patients with Parkinson's disease have a disability in the integration of sensory and
movement [30]. For these patients, physical activities and exercises exert a positive effect
on the central nervous system. This promotes the recovery of the nervous system and
limits the progression of the disease [31].

The purpose of this study was to develop a home exercises program for patients with
Parkinson's disease who have difficulty in carrying out ADL and in receiving regular
treatment at medical institutions because of serious deterioration of balance, cognitive
impairment, depression, and other complications. Home exercises, to date, have been
difficult to systematically manage because of low rates of exercise performance and in-
correct performance of exercises. Thus, the present study attempted to create a table for
patients to self-check themselves and overcome any shortcomings by educating patients
and caregivers on a regular basis. Exercise programs that improve balance, walking, and
quality of life in patients with Parkinson's disease have been generally reported to be
effective [11]. However, it is difficult to substantially apply the exercise programs since
patients with Parkinson's disease have different home environments, distances from the
hospital, and therapeutic environment [32]. In the present study, which overcame these
shortcomings, self-check and regular training were conducted for participants. Thus, they
were educated on various items of the home exercises program, such as sitting and stand-
ing up, wall push-ups, lying down and lifting the leg, muscle strengthening of the lower
extremity including lying down and lifting the buttock, and stretching of the neck, shoul-
ders, and back. The results found a significant difference in quality of life (p < .05), bal-
ance, lower-extremity muscle strength, walking, falls efficacy, and daily life behaviors in
patients with Parkinson's disease.

Previous studies have been conducted that reported that home exercises have a positive
effect on physical functions in patients with Parkinson's disease; however, research on the
method for improving the performance rate of home exercises has been incomplete.
Therefore, methods for increasing the performance rate of the home exercises were re-
ferred to. Schoo (2005) conducted an experiment involving 115 elderly people with knee
and hip osteoarthritis, The results revealed better outcomes in the group who had feed-
back materials through booklets containing pictures, audio, and video [33]. In addition,
another experiment of caregivers of adolescent and pediatric patients with brachial plexus
palsy was performed by providing them with DVDs of home exercises. The results re-
vealed functional recovery of the upper extremity, the gaining of confidence, and an in-
crease in the frequency of exercises [34]. Therefore, the present study attempted to in-
crease the performance rate of home exercises by educating not only subjects, but care-
givers, issuing brochures of the home-exercises methods, and regularly inspecting a self-
monitored checklist. This method produced positive results.

Studies on the elderly have demonstrated that stretching and muscle-strengthening ex-
ercises have a positive effect on the functional mobility of the joints, balance, walking,
fall prevention, and enhancement of the quality of life [35-37]. In addition, muscle-
strengthening exercises for patients with mild or moderate Parkinson's disease caused the
improvement of motor functions [38, 39]. Hirsch et al. (2003) reported that high-intensity
resistance training and balance training in parallel improved muscular strength and bal-
ance abilities [40]. Gobbi et al. (2009) reported that exercise programs in various areas
positively impacted walking, balance, and muscular strength, rather than a single exercise
program, and thus, had an effect on fall scores, ADL indices, and quality of life [41]. The
present study revealed significant results in walking, balance, lower-extremity muscle
strength, sensitivity of falls, ADL index, and quality of life by providing an exercises
program that was regularly performed, once a day, through four ways of muscle-
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strengthening exercises for the lower and upper extremities and the trunk and via the
stretching of all the joints.

The present study evaluated the provision of simple home exercises to patients with
Parkinson's disease and continuous feedback for motivation. Although the present study
was a cross-sectional study of few subjects, all evaluated indices showed significant val-
ues. Thus, the home exercises program of the present study is expected to help patients
with Parkinson's disease.
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