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Background. Archery exercise exerts a rehabilitative efect on patients with paraplegia and might potentially serve as comple-
mentary physiotherapy for patients with Parkinson’s disease.Objective.Tis study aimed to examine the rehabilitative efects of an
archery intervention.Methods. A randomized controlled trial of a 12-week intervention was performed in patients with idiopathic
Parkinson’s disease. Tirty-one of the 39 eligible patients recruited from a medical center in Taiwan participated in the trial, of
whom 16 were in the experimental group practicing archery exercises and 15 were in the control group at the beginning; twenty-
nine completed the whole process.Te Purdue pegboard test (PPT), the Unifed Parkinson’s Disease Rating Scale I to III (UPDRS I
to III), physical ftness test, and timed up and go test (TUG) were used to assess the intervention efects of archery exercise. Results.
Compared to the control group, the outcome diferences between the posthoc and baseline tests in PPT, UPDRS I to III, lower
extremity muscular strength, and TUG in the experimental group (between-group diference in diference’s mean: 2.07, 1.59, 1.36,
−2.25, −3.81, −9.10, 3.57, and −1.51, respectively) did show positive changes and their efect sizes examined fromMann–Whitney
U tests (η: 0.631, 0.544, 0.555, 0.372, 0.411, 0.470, 0.601, and 0.381, respectively; Ps< 0.05) were medium to large, indicating that the
archery intervention exerted promising efects on improving hand fexibility and fnger dexterity, activity functions in motor
movement, lower extremity muscular strength, and gait and balance ability. Conclusions. Traditional archery exercise was
suggested to have a rehabilitative efect for mild to moderate Parkinson’s disease and could be a form of physiotherapy.
Nevertheless, studies with larger sample sizes and extended intervention periods are needed to ascertain the long-term efects of
archery exercise.

1. Introduction

Parkinson’s disease (PD) is the second most prevalent
neurodegenerative disorder after Alzheimer’s disease, and its
onset often occurs in the elderly. Te estimated global

burden of PD has increased from 2.5million in 1990 to
6.1million in 2016 and 9.4million in 2020, and the age-
standardized prevalence rates have increased by 21.7% [1, 2].
Tese changes have resulted in great public health concerns
regarding PD prevention and control since society has aged
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worldwide. Taiwan faces the same challenge, as Taiwan has
transformed into an aged society, and up to 40,000 patients
have been diagnosed with PD [3]. Te symptoms in patients
with PD include motor symptoms such as bradykinesia,
rigidity, static tremor, and postural instability, and non-
motor symptoms such as sleep disorders, cognitive im-
pairment, anxiety, and depression. Without active treatment
and intervention, these symptoms will become more severe
as the disease progresses, eventually leading to a loss of daily
living activities in patients with PD.

Motor symptoms afect the functional mobility, balance,
and gait of patients with PD, which afect many activities of
daily living. Pharmacological and neurosurgical treatment of
PD may not exert optimal efects on reversing the de-
teriorating extremity function and mobility of patients with
PD [4, 5]; moreover, long-term medication may lead to
several motor complications [6].

Te use of complementary and alternative medicine and
physiotherapy has been recommended as adjuvant strategies
to improve motor function, functional mobility, and bal-
ance. Tremor and impaired fnger dexterity are recognized as
early symptoms in patients with PD, and reductions in their
amplitude and/or frequency are treatment targets. However,
whether complementary approaches are benefcial for im-
proving PD functions is still a highly debated issue [7], and
along with medical interventions, exercises have been
proposed as promising strategies [8]. Evidence on the ef-
fectiveness of a variety of exercises used to improve motor
dexterity and reduce tremor has been provided, including
treadmill exercise, cycling exercise, aerobic exercise, whole
body vibration, stretching exercises, balance training,
strength training, curved-walking training, and cued
training [9–24]. Some types of exercises designed to enhance
specifc body functions, such as upper body karate training
in a seated situation [25], tango exercises [26], hand
movements using a virtual cube pick and place task [27], and
limb pure eccentric training [28], were also reported to exert
positive efects.

In addition to the usual exercise interventions described
above, Qigong [29, 30], Tai Chi [31], Wuqinxi [32, 33], yoga
[34], Irish set dancing [35], active theatre therapy [36, 37],
and archery [15] were proposed as complementary thera-
peutic methods for improving the motor function of patients
with PD, and empirical evidence showed more or less fa-
vorable efects not only on motor function but also on
psychological well-being (e.g., the reduction in depression,
apathy, and anxiety). Although archery training was much
less applied, it appeared to be a promising approach for
improving upper extremity functions.

Archery is a static sport with a stable sequence of
movements throughout the shot. Te movements include
standing in a proper position with postural stability, pushing
the bow, drawing the bow string with a three-fnger hook,
sighting the target, relaxing the fexor group muscles of the
forearm, and actively contracting the extensors to release the
arrow [38–40]. An archer should control relevant muscles to
achieve a good shot; due to the nature of the archery, this
exercise is assumed to have the potential to maintain or
improve the extremity functions of patients with PD.

However, very few intervention programs have applied
archery in the rehabilitation of patients with PD and lack
sufcient evidence on its efect; therefore, this study aimed to
examine the efects of an archery intervention using a ran-
dom-controlled trial.

2. Materials and Methods

2.1. Study Design and Participants. A randomized controlled
trial of a 12-week archery training course was designed to
improve the impairments associated with Parkinson’s disease
(PD).Te clinical diagnosis of PD was based on the UK Brain
Bank Criteria [41] and determined by neurologists with
movement disorder expertise in China Medical University
Hospital, Taichung, Taiwan. Te criteria for eligibility were as
follows: aged 40 years or older, on a stable medication regime,
with a Hoehn and Yahr scale score ranging from 1 to 4, and
no signifcant impairment in cognitive function assessed from
the Chinese version of Cognitive Abilities Screening In-
strument (CASI C-2.0) [42]. Te exclusion criteria were as
follows: unable to fully participate in the 12-week study
period, already enrolled in another pharmaceutical or exercise
intervention, extremity dysfunction severely afecting
movement, frailty, severe impairments in vision, and any
conditions considered by their neurologists unsafe and un-
suitable to participate in the trial, for example, severe
comorbidities such as diabetes and heart disease.

After receiving approval from the Research Ethics
Committee of China Medical University and Hospital
(CRREC-106-083 AR-1), we started this study on December
7, 2017. Initially, 59 volunteers were recruited; and among
the volunteers, 16 were unable to fully participate in the trial,
and one already participated in another study. Terefore, 39
participants provided written informed consent, and a ran-
dom assignment approach was then applied to allocate them
into the experimental group (n� 20) and the control group
(n� 19). During the pretest task for collecting baseline data,
four of the participants in each group withdrew. During and
after the 12-week course, one participant in the archery
exercise intervention group withdrew and one participant in
the control group was unable to complete the post-test task.
Figure 1 shows the fowchart of participant inclusion
throughout the study period.

2.2. Intervention. Te participants in the experimental
group were assigned to take the archery training course. Te
course was designed by three archery trainers after dis-
cussion with the neurologists to provide participants with
PD appropriate movements of drawing the bow and re-
leasing the arrow. Te trainers were traditional archery
coaches with professional licenses issued by the Taiwan
National Archery Association. Tis archery training aimed
to improve the functions of the upper extremities; as patients
with PD had stepping problems in terms of balance and
stability, sitting postures were adopted for the participants’
safety. Participants in the experimental group were assigned
to two classes with approximately 10 participants in a class.
Each trainer was assigned to instruct 3-4 participants who
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were all on medication and carefully directed each partic-
ipant’s performance on arching actions. Tree-stage archery
training was designed during the 12-week intervention.
Basic arching (1st stage), advanced shooting (2nd stage), and
integrative practice (3rd) were arranged in the frst three
weeks, the next four weeks, and the fnal fve weeks, re-
spectively. Each archery practice lasted for two hours and
was held once a week in the Student Activity Center of the
China Medical University next to its afliated hospital.
Before starting the archery practices, sitting posture exer-
cises for warming up and stretching the upper extremities
and fnger skeletal muscles using elastic bands were led by
coaches for approximately 15minutes. For participant
safety, a physical therapist was assigned to accompany them
and observe their ongoing activities to avoid injury. Each
participant was provided an elastic band and encouraged to
practice the upper extremity and fnger stretching actions at
home to improve their archery skills. A telephone interview
was conducted once a month to provide care and support to
participants.

Participants in the control group received standard care.
Te care included a face-to-face personal interview edu-
cating them on how to stretch the upper extremities (UE)
and fnger skeletal muscles and self-care in daily living
activities by delivering a pamphlet.

2.3. Outcome Measures. Te primary outcome measure was
tests of UE impairment and activity using the Purdue
pegboard test (PPT). Te test involves two abilities: gross
movements of arms, hands, and fngers and fne motor
extremity ability, through which fnger dexterity and arm
and hand coordination are assessed. Participants were asked
to place as many pegs as they can and the number was
recorded when time elapsed. Te related information on
PPTand its execution could be reached in elsewhere [43–45].
Te secondary outcomes were several measures on assessing
the progression of PD symptoms. Parts I to III of the Unifed
Parkinson’s Disease Rating Scale (UPDRS) were used to
evaluate the efects of the intervention. UPDRS consists of

Recruited eligible PD patients (n=56)

Concealed randomization (n=39)

Experimental group:
Archery exercise (n=20)

Control group: 
Standard care (n=19)

Withdrawal during pretest (n=4) Withdrawal during pretest (n=4)

Unwilling to keep 
participation (n=1)

Unable to participate 
in post-test (n=1) 

Posttest for analysis (n=15) Posttest for analysis (n=14)

Excluded (n=17)
Self-evaluating unable to complete the
12-week participation (n=16) 

(i)

as a study subject in other study (n=1) (ii)

12-week observation (n=15)

Only telephone interview(i)

12-week intervention (n=16)
2-hour archery class/week
Telephone interview

(i)
(ii)

Figure 1: Flowchart of participants through the 12-week clinical trial.
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four parts, each of which consists of a 5-point ranking
subscale. Te frst 4-item subscale is designed to assess in-
telligence, behavior, and emotions, including mentation,
thought disorder, depression, and motivation/initiative. Te
second 13-item subscale is designed to assess daily living
abilities, including speech, salivation, swallowing, hand-
writing, cutting ford, dressing, hygiene, turning in bed,
falling, freezing, walking, tremor, and sensory symptoms.
Te third 27-item subscale is designed to assess motor
ability, including speech; facial expression; resting tremor of
the face, lips, chin, right hand, left hand, right foot, and left
foot; action tremor of the hands (right and left); rigidity of
the neck, upper extremities (right and left), and lower ex-
tremities (right and left); fnger taps (right and left); hand
grips (right and left); hand pronate/supinate (right and left);
leg agility (right and left), rising from a chair; posture; gait;
postural stability; and bradykinesia. Te assessed score
ranges from 0 to 4 points; the higher the score, the more
severe the symptoms [46, 47]. Changes in body composition,
limb muscular strength and endurance, limb fexibility,
cardiorespiratory endurance, agility, and balance ability
were also assessed using a physical ftness test suitable for the
elderly. In addition, gait and balance were assessed using the
timed up and go (TUG) test [48]. A logbook was delivered to
participants to remind them to track medication records and
the status of “on” and “of” drug efects.

2.4. Statistical Methods. Te statistical analyses in this study
were conducted using SPSS 25.0 for Windows. Te chi-
square and Fisher’s exact tests were used to compare the
discrete variables’ distributions between the experimental
and control groups; the Mann–Whitney U test was used to
compare the continuous variables’ distributions. Te Wil-
coxon signed-rank test andMann–WhitneyU test were used
to examine the diferences between the post-test and pretest
in the outcome measures within and between groups, re-
spectively. Te efect size statistic was also provided, where
a value less than 0.3 indicates a small efect, 0.3 to 0.5 in-
dicates amedium efect, and greater than 0.5 indicates a large
efect [49].

3. Results

At baseline (before implementing the archery intervention),
equal distributions of sociodemographic characteristics and
factors that may be associated with PD progression were
observed between the experimental and control groups
(Table 1). Te mean age of patients with PD in the exper-
imental group was 69.4 years (SD: 7.3), which was slightly
older than that in the control group (67.2 years, SD: 10.7).
More participants were male than female (over 50%), had at
least a high school diploma, and most were married and in
families with income levels ranging from 20,000 to 59,999
New Taiwan Dollar (NTD, symbol: NT$). Te mean du-
ration from the initial PD diagnosis was approximately
5 years; most patients were diagnosed with stage 2 PD,
followed by stage 3. More than 60% reported a weekly
exercise time >4 hours, and the drug that the patients took

most was the levodopa. In addition, no diferences in the UE
impairments and activity functions at baseline were ob-
served between the two groups, as shown in Table 2, in which
the primary outcome (PPT) and the secondary outcomes
(UPDRS, a physical ftness test for body composition, limb
muscle strength and endurance, limb fexibility, cardiore-
spiratory endurance, and agility, and a TUG test for gait and
balance abilities) were examined.

During the intervention, two subjects discontinued
participation, and fnally, 15 subjects in the experimental
group and 14 subjects in the control group completed the
post-test outcomes. Te potential efects of this archery
intervention on improving the physical functions of par-
ticipants with PD are shown in Table 3, in which the
comparison of the primary and secondary outcomes showed
diferences between baseline and posthoc tests, including
diferences within and between groups. Te mean values of
the diferences between the post-test and baseline (post-test
record minus pretest record) in the primary outcomes of
right hand, left hand, and both hand PPTs within the ex-
perimental group indicated signifcant positive improve-
ment (mean (SD): 1.77 (1.45), 1.06 (1.40), and 1.02 (1.19),
respectively; Ps< 0.05), and the corresponding η values were
greater than 0.5, showing large efects (η: 0.802, 0.609, 0.668,
respectively). Te mean values of the diferences in the
secondary outcomes, namely, UPDRS I to III, extremity
fexibility (upper and lower), lower extremity muscular
strength, cardio endurance, and TUG test, also showed
signifcant positive improvements with large efects. All
diferences in outcomes between the post-test and baseline
within the control group were insignifcant, although most
of the diferences suggested that their corresponding
functions tended to regress. Signifcant diferences with
medium to large efects in the diferences between the post-
test and baseline in the outcomes of PPT, UPDRS I to III,
lower extremity muscle strength, and TUG tests between the
experimental and control groups were observed (between-
group diference’s mean: 2.07, 1.59, 1.36, −2.25, −3.81, −9.10,
3.57, and −1.51 and efect size: 0.631, 0.544, 0.555, 0.372,
0.411, 0.470, 0.601, and 0.381, respectively; Ps< 0.05), sug-
gesting that the archery intervention exerted promising
efects on improving hand fexibility and fnger dexterity,
activity functions in motor movement, lower extremity
muscular strength, and gait and balance abilities.

Te between-group diferences in the outcomes between
the post-test and baseline were analyzed using Man-
n–WhitneyU tests to obtain more information on the efects
of this archery intervention on each secondary outcome
assessed using the UPDRS subscales (I to III). As shown in
Figure 2, among UPDRS I items, the decreased depression
score (mean± SD: −1.00± 1.25) of the experimental group
was signifcantly diferent (P � 0.022) from the increased
depression score (mean± SD: 0.11± 1.72) of the control
group, and the efect size was medium (η� 0.426). Among
UPDRS II items, the severity in the function of handwriting
was signifcantly decreased to a greater extent in the ex-
perimental group (mean± SD: −0.43± 0.70) than in the
control group (mean± SD: −0.07± 0.48) (P � 0.045), and
the efect size was medium (η� 0.372); improvements in the
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functions of turning in bed and facial expressions were
observed in the experimental group, but the functions in the
control group were worse; both between-group diferences
were signifcant (mean± SD: −0.40± 0.54 v.s. 0.36± 0.63,
P � 0.003; −0.27± 0.62 v.s. 0.14± 0.50, P � 0.037, re-
spectively), where the efect size for turning in bed was large
(η� 0.551) and for facial expression was medium (η� 0.388).
Among the UPDRS III items, the severity of right upper
extremity, fnger taps of the left hand, and left leg agility were
signifcantly decreased in the experimental group but in-
creased in the control group, and these between-group
diferences were signifcant (mean± SD: −0.43± 1.03 v.s.
0.29± 0.61, P � 0.033; −0.30± 0.62 v.s. 0.29± 0.61,
P � 0.026; −0.50± 0.82 v.s. 0.50± 0.65, P � 0.002, re-
spectively). Te results also found a large efect for left leg

agility (η� 0.584) and medium efects for the right upper
extremity (η� 0.396) and for the left-hand fnger taps
(η� 0.414).

4. Discussion

During the archery intervention, no adverse events oc-
curred, indicating that performing archery exercise while in
a sitting posture is a safe intervention for patients with
Parkinson’s disease. Based on the results of the present
study, archery exercise exerted a positive efect in improving
several motor functions of patients with mild to moderate
PD. One of the study strengths is the randomized controlled
design and stratifcation of patients by PD disease stage
(Hoehn and Yahr stages 1 to 4) to control for the

Table 1: Te distribution of sociodemography and factors related to PD progression between the experimental and control groups at the
baseline.

Outcome variables Experimental group (N� 16) Control group (N� 15) M-W U (Z)/χ2 (df) P valueN (%)/mean (SD) N (%)/mean (SD)
Sociodemographic characteristics
Age (years) 69.38 (7.25) 67.20 (10.73) 102.00 (−0.71) 0.476
Sex
Male 9 (56.3) 11 (73.3) 0.99 (1) 0.320
Female 7 (43.7) 4 (26.7)

Education
Junior or less (<9 years) 5 (31.3) 7 (46.7) 0.78 (1) 0.379
Senior or more (≥9 years) 11 (68.7) 8 (53.3)

Religion
Yes 10 (62.5) 10 (66.7) 0.06 (1) 0.809
No 6 (37.5) 5 (33.3)

Marital status†

Single 1 (6.3) 1 (6.7) 0.654
Married 14 (87.5) 11 (73.3)
Divorced 1 (6.3) 1 (6.7)
Widowed 0 (0.0) 2 (13.3)

Family income (NT$)†

<20,000 2 (12.5) 2 (13.3) 0.142
20,000–39,999 3 (18.8) 7 (46.7)
40,000–59,999 3 (18.8) 3 (20.0)
≥60,000 8 (50.0) 2 (13.3)
Missing 0 (0.0) 1 (6.7)

PD disease status
Time length (years) 4.65 (5.83) 5.47 (4.92) 90.00 (−1.19) 0.233
Hoehn and Yahr scale†

Stage I 1 (6.3) 1 (6.7) 1.000
Stage II 11 (68.8) 10 (66.7)
Stage III 3 (18.8) 3 (20.0)
Stage IV 1 (6.3) 1 (6.7)

Drug dosage taken (mg)
Levodopa 372.66 (336.10) 370.00 (290.24) 113.00 (−0.28) 0.781
Benserazide 26.95 (26.98) 40.00 (49.43) 110.00 (−0.40) 0.687
Carbidopa 14.06 (35.32) 15.00 (42.05) 115.00 (−0.31) 0.758
Amantadine 59.38 (73.53) 23.33 (56.27) 83.50 (−1.69) 0.091
Pramipexole 0.12 (0.26) 0.11 (0.26) 119.00 (−0.06) 0.954
COMT 75.00 (204.94) 20.00 (77.46) 112.00 (−0.62) 0.538

Exercise†

≤4 hours/week 6 (37.5) 4 (26.7) 0.704
>4 hours/week 10 (62.5) 11 (73.3)

Note: †denotes using fsher exact test; M-W U: the Mann–Whitney U statistic; Z: the Z-test score.
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confounding efects of unequal distribution of disease se-
verity between the experimental and control groups on the
intervention outcomes. Te results in Tables 1 and 2 in-
dicated comparable characteristics between groups before
initiating the archery exercise course. Nevertheless, as most
of the participants in this study were patients with stage 2
and 3 PD, the implication is that the efect of this archery
rehabilitation intervention has limitations for patients with
stage 4 PD and/or with severe symptoms.

Archery was one of the frst sports introduced in the
medical treatment of paraplegics and tetraplegics and was
documented to be an ideal remedial exercise for training
muscle groups of the arm, shoulder, and trunk muscles
mainly used in archery [15]. To our knowledge, no re-
habilitation program using archery exercises to help patients
with PD has been developed; our study is the frst to describe
its efect by performing a randomized controlled trial.

Te electrical activity of the muscle groups involved in
the archery exercise was monitored using electromyography
in an experimental study [15] and revealed that deltoids on
both sides for securing horizontal and vertical positions of
the arms, the biceps of the right arm for drawing and the left
triceps for holding the bow in extension, the trapezius and
rhomboid for bracing the shoulders while loading pulling
the bow in horizontal draw, and latissimus dorsi and serratus
anterior of the trunk muscles were all involved during the
archery exercise. In addition, the palm of the hand, all fnger
muscles, and extensions of the wrist involved in the hook
attachment and before the release of the arrow were exer-
cised while performing the archery intervention. While
a patient with PD focused on succeeding in shooting the
target point from attaching the hook to the bow string,
drawing the bow string back, twisting the hand, to releasing
the arrow during the archery exercise, all involved muscle
groups were activated and thus had the potential to enhance
strength.

As patients with PD expressed many ambitions in
pursuing success in shooting at the target point while
performing the archery intervention in our study, this 12-
week intervention of practicing archery actions along with
using elastic bands to repeatedly activate their fngers, arm,
trunk, and leg muscles helped patients with PD alleviate
their symptoms, stabilize their gait and balance, and improve
their extremity functions. Tese improvements were
documented in the results of the present study, in which
signifcantly greater diferences in the post- and pretest
numbers of placed nails (the changes of the primary out-
comes of the three PPT tests) were observed between the
experimental group and the control group (see Table 3),
indicating that the archery intervention improves the
functions of arms, hands, and fnger dexterity in patients
with PD. Signifcantly lower diferences in post-and pretest
scores of UPDRS I to III (the lower the value, the better the
function) were observed for the experimental group than the
control group (see Table 3), indicating that the archery
intervention improved several motor functions required for
daily living that mainly involve the upper and lower ex-
tremities, such as hand writing, turning in bed, facial ex-
pressions, right upper extremity, left fnger taps, and left leg
agility in particular (see Figure 2). Our fndings are similar to
the efects found in studies using other complementary
therapies [29–37]. Additionally, participants in the experi-
mental group improved their mentation, behavior, and
mood (as assessed using UPDRS I) after the archery in-
tervention, suggesting that practicing the archery exercise
may have the potential to induce joyful feelings or even self-
fulfllment feelings in patients with PD who succeeded in
shooting the target point repeatedly, which in turn decreased
their depressive symptoms. It is worth noting that similar to
other complementary approaches such as Wuqinxi exercise
[32, 33], yoga [34], and active theatre [36, 37], the archery
approach also helps to improve psychological well-being.

Table 2: Te upper extremity impairments and activity functions between the experimental and control groups at the baseline.

Outcome variables Experimental group (N� 16) Control group (N� 15) M-W U (Z) P valueMean (SD) Mean (SD)
Purdue pegboard test
Right hand test 10.57 (4.31) 10.20 (2.36) 95.50 (−0.97) 0.332
Left hand test 10.31 (4.10) 9.49 (2.95) 94.00 (−1.03) 0.303
Both hands test 8.04 (3.58) 7.40 (2.41) 97.00 (−0.91) 0.363

UPDRS
UPDRS I 4.87 (3.42) 5.13 (3.23) 113.00 (−0.28) 0.781
UPDRS II 11.50 (7.76) 13.33 (8.42) 92.00 (−1.11) 0.267
UPDRS III 33.31 (18.90) 38.53 (17.20) 92.00 (−1.11) 0.268

Physical ftness
BMI 24.64 (2.66) 24.89 (2.90) 110.00 (−0.40) 0.693
Waist-hip ratio 0.89 (0.08) 0.95 (0.18) 97.00 (−0.91) 0.363
UE fexibility −19.63 (16.81) −19.93 (13.61) 115.00 (−0.20) 0.843
LE fexibility −6.44 (13.07) −9.27 (11.50) 108.50 (−0.46) 0.649
UE muscle strength 15.19 (7.05) 16.87 (7.95) 99.00 (−0.83) 0.405
LE muscle strength 13.19 (5.04) 11.13 (3.80) 83.50 (−1.45) 0.147
Cardiorespiratory endurance 34.69 (14.64) 26.53 (12.87) 72.50 (−1.88) 0.060
Right side static balance 17.41 (13.62) 16.81 (13.05) 115.50 (−0.19) 0.850
Left side static balance 16.48 (12.79) 12.51 (10.23) 111.50 (−0.34) 0.735

TUG test 12.78 (7.64) 11.38 (4.34) 103.50 (−0.65) 0.514
Note: M-W U: the Mann–Whitney U statistic; Z: the Z-test score; UE: upper extremities; LE: lower extremities.
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Te diferences in outcomes indicated a signifcant in-
crease in the lower extremity muscle strength, as assessed
using physical ftness tests, and a signifcant decrease in the
time required to complete the TUG test before and after the
test in the experimental group compared to those in the
control group (see Table 3), which also suggested that the
archery intervention exerted a positive efect on increasing
the muscle strength of the legs. A potential explanation for
this fnding is that practicing archery in a seated posture
requires patients with PD to strengthen their lower ex-
tremity muscles to stabilize their upper extremities and
trunk while they hold up the bow and arrows before re-
leasing a shot. Te strength of the muscles involved in
performing a successful shot might be increased through
archery exercises, which may in turn improve the gait and
balance of patients with PD.

In the archery intervention, the use of an elastic band at
home by the PD participants to practice the actions involved
in the archery classes may have a potential infuence on the
positive efects of this archery intervention. Figure 3 shows
an important part of the practice, in which a trainee was
encouraged to practice the archery movement with one of
the legs raised, the left leg in particular, by using an elastic
band at home to stabilize their shooting actions for suc-
cessfully reaching the target center in class. Figure 4 shows
the actual shooting practices in class. By performing these
actions, the strength of the muscle groups involved in the
action, namely, the arms, the right forearm, in particular,
hands and fngers, was expected to be increased. Te dex-
terity of the hands and fngers was also improved by the
practice of buckling the string and gripping the bow with
bent fngers using hand muscles. Te aforementioned
practices may explain the improved functions of the arms,
hands, and fnger dexterity assessed using the PPT and
improved hand writing, decreased rigidity of the right upper
extremity, and improved tapping function of the left fnger
assessed using UPDRS. In addition, a practicing archer with
a seating posture that is asked to leave the body a distance
from the back of the chair (see Figure 4) might also po-
tentially improve the agility of the left leg and strengthen the
trunk muscles. By stabilizing and balancing the whole body

to achieve a good shot, the strength of the involved muscles
would be enhanced by the aforementioned practices.

5. Conclusions

With the advantage of using a random clinical trial design,
this study suggested that traditional archery exercise exerts
positive efects on ameliorating a depressed mood and
improving the motor functions of arms, hands, and legs and
fnger dexterity in patients with PD, such as hand writing,
turning in bed, decreased rigidity of the right upper
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Figure 2: Te signifcant diferences in the within-group diferences (post-test-baseline) for the assessed functions by UPDRS I to III
between the experimental and control groups after the archery intervention.

Figure 3: A training on drawing a bow by using an elastic band
with the left leg raised for patients’ practices at home.

Figure 4: Patients performed archery with keeping their trunks
a distance from the backs of their chairs.
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extremity, tapping movement of the left fngers, and agility
of the left leg in particular. Te strength of leg muscles and
the gait and balance were also signifcantly improved.
Nevertheless, due to the small number of eligible partici-
pants with PD and the short period of intervention
(3months) in this study, these conclusions should be
interpreted with caution. Further studies using an RCT
design that recruit more participants are needed to achieve
sufcient statistical power, and the time of the intervention
should be increased to ascertain the long-term efects of the
traditional archery exercise.

Data Availability

Te data are not available because based on Taiwan Personal
Data Protection Act and Human Subjects Research Act, the
study participants were assured that their data would remain
confdential and would not be shared.

Conflicts of Interest

Te authors declare that they have no conficts of interest.

Authors’ Contributions

CHT and CYC conceptualized and designed the study.
WNW, TY, and TNW contributed to the conceptualization
and design. WNW assisted in performing the intervention
program and data collection. MKL, YWY, and CHT pro-
vided professional and administrative support, performed
the assessment and contributed to data collection and in-
terpretation of the results. CYC andWNWanalyzed the data
and interpreted the results. CYC drafted the initial manu-
script and CHT revised the manuscript for important in-
tellectual content and provided overall supervision of
the study.

Acknowledgments

Te authors would like to thank the archery coaches Yu-Te
Lin, Kuei-Hua Tung, Chido Chu, and Jyun-HongDong from
Full-Win Traditional Archery School, Taipei, Taiwan, for
their assistance in implementing the archery training course
for the study participants and neurological nurses and
doctors in the Department of Neurology, China Medical
University Hospital for their assistance in the recruitment of
the study subjects.Te authors would also like to thank Yang
Orthopedics Clinic Keelung, Taiwan (106426BM), the
Ministry of Science and Technology, Taiwan (MOST 112-
2321-B-039-007- & MOST 111-2314-B-039-080-), and
China Medical University Hospital, Taiwan (DMR 112-215
& DMR 111-223) for their sponsorships by providing f-
nancial and administrational support to this study.

References

[1] N. Maserejian, L. Vinikoor-Imler, and A. Dilley, “Estimation
of the 2020 global population of Parkinson’s disease (PD)
[abstract],” Movement Disorders, vol. 35, no. 1, pp. S79–S80,
2020.

[2] E. R. Dorsey, A. Elbaz, E. Nichols et al., “Global, regional, and
national burden of Parkinson’s disease, 1990–2016: a sys-
tematic analysis for the Global Burden of Disease Study 2016,”
Te Lancet Neurology, vol. 17, no. 11, pp. 939–953, 2018.

[3] W. M. Liu, R. M. Wu, J. W. Lin, Y. C. Liu, C. H. Chang, and
C. H. Lin, “Time trends in the prevalence and incidence of
Parkinson’s disease in Taiwan: a nationwide, population-
based study,” Journal of the Formosan Medical Association,
vol. 115, no. 7, pp. 531–538, 2016.

[4] S. H. Fox, R. Katzenschlager, S. Y. Lim et al., “Te Movement
Disorder Society evidence-based medicine review update:
treatments for the motor symptoms of Parkinson’s disease,”
Movement Disorders, vol. 26, no. 3, pp. S2–S41, 2011.

[5] O. Rascol, P. Payoux, J. Ferreira, and C. Brefel-Courbon, “Te
management of patients with early Parkinson’s disease,”
Parkinsonism & Related Disorders, vol. 9, no. 1, pp. 61–67,
2002.

[6] K. R. Chaudhuri, P. Odin, A. Antonini, and P. Martinez-
Martin, “Parkinson’s disease: the non-motor issues,” Par-
kinsonism & Related Disorders, vol. 17, no. 10, pp. 717–723,
2011.

[7] G. Mirabella, “Is art therapy a reliable tool for rehabilitating
people sufering from brain/mental diseases?” Journal of
Alternative & Complementary Medicine, vol. 21, no. 4,
pp. 196–199, 2015.

[8] C. Voelcker-Rehage, D. F. Kutz, and C. Voelcker-Rehage,
“Exercise-induced changes in basal ganglia volume and their
relation to cognitive performance,” Journal of Neurology and
Neuromedicine, vol. 1, no. 5, pp. 19–24, 2016.

[9] J. Mehrholz, J. Kugler, A. Storch, M. Pohl, K. Hirsch, and
B. Elsner, “Treadmill training for patients with Parkinson’s
disease,” Cochrane Database of Systematic Reviews, vol. 2015,
no. 9, Article ID CD007830, 2015.

[10] G. Ebersbach, D. Edler, O. Kaufhold, and J. Wissel, “Whole
body vibration versus conventional physiotherapy to improve
balance and gait in Parkinson’s disease,” Archives of Physical
Medicine and Rehabilitation, vol. 89, no. 3, pp. 399–403, 2008.

[11] S. Farashi, L. Kiani, and S. Bashirian, “Efect of exercise on
Parkinson’s disease tremor: a meta-analysis study,” Tremor
and Other Hyperkinetic Movements, vol. 11, no. 1, pp. 15–10,
2021.

[12] C. Youm, Y. Kim, B. Noh, M. Lee, J. Kim, and S. M. Cheon,
“Impact of trunk resistance and stretching exercise on fall-
related factors in patients with Parkinson’s disease: a ran-
domized controlled pilot study,” Sensors, vol. 20, no. 15,
p. 4106, 2020.

[13] F. Y. Cheng, Y. R. Yang, Y. R. Wu, S. J. Cheng, and
R. Y. Wang, “Efects of curved-walking training on curved-
walking performance and freezing of gait in individuals with
Parkinson’s disease: a randomized controlled trial,” Parkin-
sonism & Related Disorders, vol. 43, pp. 20–26, 2017.

[14] N. E. Allen, J. Song, S. S. Paul et al., “An interactive videogame
for arm and hand exercise in people with Parkinson’s disease:
a randomized controlled trial,” Parkinsonism & Related
Disorders, vol. 41, pp. 66–72, 2017.

[15] L. Guttmann and N. C. Mehra, “Experimental studies on the
value of archery in paraplegia,” Spinal Cord, vol. 11, no. 2,
pp. 159–165, 1973.

[16] I. S. Wong-Yu and M. K. Mak, “Task-and context-specifc
balance training program enhances dynamic balance and
functional performance in parkinsonian nonfallers: a ran-
domized controlled trial with six-month follow-up,” Archives
of Physical Medicine and Rehabilitation, vol. 96, no. 12,
pp. 2103–2111, 2015.

Parkinson’s Disease 9



[17] A. Nieuwboer, G. Kwakkel, L. Rochester et al., “Cueing
training in the home improves gait-related mobility in Par-
kinson’s disease: the RESCUE trial,” Journal of Neurology,
Neurosurgery & Psychiatry, vol. 78, no. 2, pp. 134–140, 2007.

[18] A. Carvalho, D. Barbirato, N. Araujo et al., “Comparison of
strength training, aerobic training, and additional physical
therapy as supplementary treatments for Parkinson’s disease:
pilot study,” Clinical Interventions in Aging, vol. 10,
pp. 183–191, 2015.

[19] A. L. Ridgel, J. L. Vitek, and J. L. Alberts, “Forced, not vol-
untary, exercise improves motor function in Parkinson’s
disease patients,” Neurorehabilitation and Neural Repair,
vol. 23, no. 6, pp. 600–608, 2009.

[20] M. D. Sage and Q. J. Almeida, “Symptom and gait changes
after sensory attention focused exercise vs aerobic training in
Parkinson’s disease,” Movement Disorders, vol. 24, no. 8,
pp. 1132–1138, 2009.

[21] K. Tanaka, R. F. Santos, F. Stella, L. T. B. Gobbi, and S. Gobbi,
“Benefts of physical exercise on executive functions in older
people with Parkinson’s disease,” Brain and Cognition, vol. 69,
no. 2, pp. 435–441, 2009.

[22] D. K. White, R. C. Wagenaar, T. D. Ellis, and L. Tickle-
Degnen, “Changes in walking activity and endurance fol-
lowing rehabilitation for people with Parkinson disease,”
Archives of Physical Medicine and Rehabilitation, vol. 90, no. 1,
pp. 43–50, 2009.

[23] Y. R. Yang, Y. Y. Lee, S. J. Cheng, and R. Y. Wang, “Downhill
walking training in individuals with Parkinson’s disease:
a randomized controlled trial,” American Journal of Physical
Medicine & Rehabilitation, vol. 89, no. 9, pp. 706–714, 2010.

[24] A. Ashburn, L. Fazakarley, C. Ballinger, R. Pickering,
L. D. McLellan, and C. Fitton, “A randomised controlled trial
of a home based exercise programme to reduce the risk of
falling among people with Parkinson’s disease,” Journal of
Neurology, Neurosurgery & Psychiatry, vol. 78, no. 7,
pp. 678–684, 2006.

[25] S. S. Palmer, J. A. Mortimer, D. D. Webster, R. Bistevins, and
G. L. Dickinson, “Exercise therapy for Parkinson’s disease,”
Archives of Physical Medicine and Rehabilitation, vol. 67,
no. 10, pp. 741–745, 1986.

[26] R. P. Duncan and G.M. Earhart, “Randomized controlled trial
of community-based dancing tomodify disease progression in
Parkinson disease,” Neurorehabilitation and Neural Repair,
vol. 26, no. 2, pp. 132–143, 2012.

[27] I. Cikajlo and K. Peterlin Potisk, “Advantages of using 3D
virtual reality based training in persons with Parkinson’s
disease: a parallel study,” Journal of NeuroEngineering and
Rehabilitation, vol. 16, no. 1, p. 119, 2019.

[28] L. E. Dibble, T. F. Hale, R. L. Marcus, J. P. Gerber, and
P. C. LaStayo, “High intensity eccentric resistance training
decreases bradykinesia and improves quality of life in persons
with Parkinson’s disease: a preliminary study,” Parkinsonism
& Related Disorders, vol. 15, no. 10, pp. 752–757, 2009.
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