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Abstract: Objective: To evaluate the efficacy of exercise interventions combined with Selegiline in ameliorating freez-
ing of gait (FOG) in Parkinson’s disease (PD) patients. Methods: A total of 60 PD patients with FOG treated in the 
First People’s Hospital of Fuyang District from January 2020 to January 2023 were retrospectively collected and 
analyzed. Patients were divided into a control group (n = 28, treated with Selegiline alone) and an observation 
group (n = 32, treated with Selegiline and exercise interventions). Gait parameters, FOG indices, motor and bal-
ance functions, Berg Balance, psychological status, and quality of life were compared between the groups pre- and 
post-treatment. Results: After treatment, the observation group exhibited longer step length, higher step speed, and 
lower step frequency (P = 0.000, 0.003, 0.001, respectively), with enhanced balance as indicated by lower Timed 
Up and Go Test and higher Berg Balance Scale scores than the control group (P = 0.000, 0.000, respectively). The 
Beck Depression Inventory and Beck Anxiety Inventory scores were notably lower in the observation group than 
those in the control group (P = 0.000, 0.004, respectively). Additionally, the observation group showed better quality 
of life across several dimensions of the Parkinson’s Disease Quality of Life Questionnaire, including mobility, activi-
ties of daily living, emotional well-being, stigma, social support, cognition, communication, and bodily discomfort (P 
= 0.000, 0.000, 0.000, 0.000, 0.017, 0.000, 0.000, 0.000, respectively) than the control group. Conclusion: The 
combination of exercise interventions and Selegiline effectively rectifies the gait parameters, enhances the balance 
function, alleviates psychological distress, and improves the overall quality of life in PD patients experiencing FOG.
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Introduction

Parkinson’s disease (PD), often referred to as  
a common neurodegenerative disorder in the 
elderly, increases in incidence notably after the 
age of 60 [1]. PD results from a combination of 
aging, genetic factors, environmental toxins, 
oxidative stress abnormalities, and mitochon-
drial dysfunction [2]. It is marked by the pro-
gressive degeneration of nigrostriatal dopami-
nergic neurons and the presence of Lewy bod-
ies. Clinically, PD is characterized by several 
core symptoms: resting tremor, bradykinesia, 
rigidity, and impairments in posture and gait, all 
of which progressively worsen over time. In 
more advanced stages, over 50% of patients 
may experience freezing of gait (FOG) after liv-
ing with PD for a decade or longer [3]. FOG sig-
nificantly hinders the mobility of PD patients 

and increases their risk of falls and associated 
disabilities, thereby severely affecting their 
daily activities and social participation. This 
highlights the importance of addressing FOG in 
the diagnosis and treatment of PD [4, 5].

The etiopathogenesis of FOG is primarily asso-
ciated with reduced dopamine secretion in the 
basal ganglia, leading to an imbalance between 
dopaminergic and cholinergic neurotransmis-
sion [6]. Selegiline, a monoamine oxidase B 
(MAO-B) inhibitor, acts as a disease-modifying 
agent for FOG by reducing dopamine degrada-
tion and enhancing its availability [7]. This 
adjustment helps restore the balance between 
dopaminergic and cholinergic systems, thus 
alleviating symptoms of FOG. Despite the symp-
tomatic relief offered by pharmacotherapy, its 
long-term use may lead to adverse effects, 
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increasing interest in non-pharmacological 
adjunct therapies [8]. Studies have shown  
that complementary therapies such as Tai Chi, 
Qigong, and Yoga can alleviate both motor and 
non-motor symptoms of PD [9]. Visual and audi-
tory cues have been demonstrated to regulate 
stride rhythms, improve gait parameters, and 
enhance mobility [10]. Additionally, physical 
therapy has been shown to reduce motor  
symptoms and medication dosage in PD 
patients [11]. While various studies confirm the 
benefits of exercise therapy for FOG, the meth-
ods and their impact on FOG vary.

Our study retrospectively analyzed the effects 
of exercise interventions focused on muscle 
strength, balance, and gait training using  
treadmills in 60 PD patients with FOG. We  
utilized quantifiable measures such as the 
Freezing of Gait Questionnaire (FOG-Q) and the 
Timed Up and Go Test (TUGT) to assess the 
impact on gait freezing and balance. The study 
also examined improvements in the psychologi-
cal state of patients post-intervention.

Materials and methods

Study design and grouping

This retrospective analysis received approval 
from the Ethics Committee of The First Peo- 
ple’s Hospital of Fuyang District. We conducted 
a search in the hospital’s electronic medical 
record system from January 2020 to January 
2023 using the keywords “Parkinson’s dis-

(H-Y) staging between II and III. (5) Completion 
of 12 weeks of continuous treatment.

Exclusion criteria: (1) Presence of organic cra-
nio-cerebral disease. (2) Diagnosis of second-
ary PD. (3) Cognitive impairment. (4) FOG not 
caused by PD. (5) Severe concurrent cardio-
cerebral and cerebrovascular diseases. (6) 
Psychiatric disorders. (7) Physical disability pre-
cluding participation.

Participants were assigned to treatment gro- 
ups based on their therapeutic regimen. 
Patients treated exclusively with Selegiline 
were placed in the control group (n = 28), while 
those who received combined physical ex- 
ercise interventions along with Selegiline were 
placed in the observation group (n = 32).

Treatment methods

Patients in the control group were administer- 
ed Selegiline hydrochloride tablets (Midol- 
py, Orion Corporation; 5 mg, 100 tablets; 
HJ20160342). This medication is routinely 
used for treating FOG. The treatment regimen 
began with one tablet each morning during the 
first week, escalating to two tablets daily - one 
in the morning and another in the afternoon - 
from the second week through the twelfth week 
[13].

In addition to the same regimen of Selegiline 
hydrochloride as the control group, patients in 
the observation group participated in a struc-

Figure 1. Flow chart of case selection.

ease” and “freezing of gait”, 
identifying 103 potential par-
ticipants. Following the inclu-
sion and exclusion criteria, 60 
PD patients with FOG were 
selected for inclusion in the 
study. The process of case 
selection is illustrated in 
Figure 1.

Inclusion criteria: (1) Diagno- 
sis of primary PD according to 
the 2015 criteria of the 
International Parkinson and 
Movement Disorder Society 
(MDS) [12]. (2) Evidence of 
FOG as assessed by the FOG-
Q. (3) Disease duration of at 
least one year, with no medi-
cation. (4) Hoehn and Yahr 
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tured exercise intervention program, which 
included.

Plyometric and muscle training

Upper limb and shoulder muscle training: 
Patients performed five sets of swinging their 
arms backward, clasping hands, and extend- 
ing upwards. Additionally, with assistance for 
shoulder stabilization, patients exerted reverse 
force in a lateral position, holding for 5 seconds 
in two sets.

Lumbar and hip muscle training: In a supine 
position, patients alternately performed hip 
flexion and knee holding in ten sets. In the 
prone position, with arms at their sides, they 
lifted their lower limbs using their waist as a 
pivot, maintaining the position for 5 seconds in 
five sets.

Lower limb muscle training: Patients performed 
squats with their feet shoulder-width apart, 
descending to the lowest comfortable point 
and holding for 5 seconds in five sets.

Movement training

Lift-off training: Holding a gymnastic bar, pa- 
tients swung it to one side, rotated their bodies 
to align with the bar, and shifted their weight 
onto the corresponding foot, naturally lifting the 
opposite foot off the ground. This exercise was 
repeated in ten sets.

Turning training: Patients navigated around 
obstacles, alternating between left and right 
turns, with each direction repeated in five sets.

Balance training: Standing with feet shoulder-
width apart, patients swayed their bodies front-
to-back and side-to-side, shifting their center of 
gravity to maintain balance for five minutes.

Single-leg standing: Concentrating their center 
of gravity on one foot, patients tried to maintain 
balance for five minutes.

Gait training: Patients used a treadmill with the 
speed adjusted from slow to fast, targeting a 
steady speed of 1.0-1.5 m/s. Forward move-
ment exercises lasted two minutes and were 
repeated in eight sets.

Backward walking: With hands on the hips and 
maintaining a steady center of gravity, the 

speed was gradually increased to between  
0.5-1.0 m/s. Backward walking exercises also 
lasted two minutes and were repeated in eight 
sets.

Considering the physical condition of patients, 
the exercise regimen was structured as fol- 
lows: Exercises 1 and 2 were conducted one to 
two times daily, and exercise 3 was performed 
twice daily. The entire intervention lasted 12 
weeks [14].

Data collection and scale scoring methods

Data were systematically collected one day 
before treatment initiation and at the 12-week 
post-treatment mark, extracted from the diag-
nostic and evaluation records of the patients. 
The collected data encompassed several 
indicators:

Gait parameters: These were assessed throu- 
gh footprint analysis, whereby patients’ feet 
were dusted with white powder, and they were 
then asked to walk on a long, smooth platform 
for five minutes. The measured parameters 
included average stride length, stride frequen-
cy, and stride speed.

FGO-related indices: Freezing of gait was  
evaluated using the FOG-Q and UPDRS III 
focused on motor examination. The FOG-Q, 
which assesses perceptions of freezing, its 
impact, frequency, duration, initiation, and  
turning, comprises six items scored from 0 to  
4, with a total possible score of 24 points - a 
higher score indicates more severe FOG. The 
UPDRS, a globally recognized scale for PD, 
comprises four sections: I (mental, behavioral, 
and mood disorders), II (activities of daily liv-
ing), III (motor examination), and IV (complica-
tions of therapy). This study specifically utilized 
part III, which includes 14 items that rate 
speech, limb movements, gait, and stability, 
each scored from 0 to 4, yielding a maximum  
of 56 points, with higher scores indicating more 
severe motor symptoms [15].

Gait and balance-related indicators: The Timed 
Up and Go Test (TUGT) and the Berg Balance 
Scale (BBS) were employed. The TUGT required 
patients to rise from a chair, walk to a line 3 
meters away, return, and sit down, with the 
sequence repeated three times to obtain an 
average time. The BBS is a comprehensive 
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measure of balance and walking capability, 
consisting of 14 progressively challenging 
movements scored from 0 to 4, with a total 
possible score of 56 points, where higher 
scores reflect better balance [16].

Psychological state-related indicators: The 
Beck Depression Inventory (BDI) and the Beck 
Anxiety Inventory (BAI) were used to assess 
psychological states. Both inventories contain 
21 items scored from 0 to 3, with total scores 
up to 63 points. BDI scores above 17 suggest 
depression, and BAI scores above 15 indicate 
anxiety.

Quality of life-related indicators: The Par- 
kinson’s Disease Quality of Life Questionnaire 
(PDQ-39), tailored for PD patients, was em- 
ployed. It covers eight domains: mobility (10 
items), activities of daily living (ADL, 6 items), 
emotional well-being (6 items), stigma (4  
items), social support (3 items), cognition (4 
items), communication (3 items), and bodily 
discomfort (3 items). Each item is scored from 
0 to 4, with a total score of 156 points; higher 
scores indicate poorer quality of life [17].

Treatment efficacy: Treatment efficacy was de- 
termined by changes in FOG-Q scores, calcu-
lated using the formula: (FOG-Qbefore treatment - 
FOG-Qafter treatment)/FOG-Qbefore treatment × 100%.  
An improvement rate exceeding 50% was con-
sidered markedly effective, 20%-50% effec- 
tive, and below 20% ineffective. The overall 
treatment efficacy rate was calculated as  
(number of markedly effective + number of 
effective)/total number of cases × 100%.

Outcome measures

Primary outcomes included gait parameters, 
freezing of gait-related indices (FOG-Q, UPDRS 
III), gait and balance-related indicators (TUGT, 
BBS), and treatment efficacy. Secondary out-

comes encompassed psychological state-relat-
ed indicators (BDI, BAI) and quality of life-relat-
ed indicators (PDQ-39).

Statistical analysis

Data were analyzed using SPSS version 21.0. 
Continuous variables were presented as  
means ± standard deviations. The paired sam-
ple t-test was utilized for intra-group compari-
sons, and the independent sample t-test for 
inter-group comparisons. Categorical variables 
were expressed as rates, and analyzed using 
the chi-square test. A p-value of < 0.05 was 
considered statistically significant.

Results

Comparison of general data between the two 
groups

Baseline demographic and clinical characteris-
tics, such as gender, age, PD duration, body 
mass index (BMI), and Hoehn-Yahr staging, 
were collected and analyzed for both groups. 
Statistical analysis indicated no significant dif-
ferences in these baseline characteristics 
between the groups (P > 0.05), as detailed in 
Table 1 and illustrated in Figure 2.

Comparison of gait parameters between the 
two groups

Before treatment, no significant differences 
were observed in gait parameters (step length, 
step frequency, step speed) between the 
groups (P > 0.05). After 12 weeks of treatment, 
the observation group exhibited statistically 
significant improvements, with longer step 
lengths, higher step speeds, and lower step  
frequencies compared to the control group  
(P = 0.000, 0.003, 0.001 respectively), as pre-
sented in Table 2 and Figure 3.

Table 1. Comparison of baseline data between the two groups (
_
x  ± s)/[n (%)]

Group Number of 
cases

Gender (male/
female) Age (years) Duration of PD 

(years) BMI (kg/m2) H-Y staging 
(II/III)

Observation group 32 18/14 66.78±7.56 5.57±1.63 23.86±2.56 15/17
Control group 28 15/13 67.14±7.35 5.69±1.68 23.80±2.62 14/14
t/χ2 - 0.043 0.176 0.280 0.090 0.058
P - 0.835 0.853 0.780 0.929 0.809
BMI: body mass index; H-Y staging: Hoehn-Yahr staging.
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Comparison of FOG indices between the two 
groups

Initially, the FOG indices, including the FOG-Q 
and Part III of the UPDRS III, showed no sig- 
nificant differences between the groups (P > 
0.05). After 12 weeks of treatment, the obser-
vation group demonstrated significantly lower 
FOG-Q and UPDRS III scores than the control 

group (both P = 0.000), indicating marked 
improvements, as shown in Table 3 and Figure 
4.

Comparison of gait balance-related indices 
between the two groups

At the outset, there were no significant differ-
ences in gait and balance-related indices, spe-

Figure 2. Comparison of baseline data. The difference between the two groups in terms of gender (A), H-Y staging 
information (B), age (C), disease duration (D), and BMI (E) is not statistically significant (all P > 0.05). BMI: body 
mass index; H-Y staging: Hoehn-Yahr staging. OG, observation group; CG, control group.

Table 2. Comparison of gait parameters (
_
x  ± s)

Group Number 
of cases

Step length (cm) Step frequency (steps/min) Step speed (m/min)
Before  

treatment
After 12 weeks 

of treatment
Before  

treatment
After 12 weeks 

of treatment
Before  

treatment
After 12 weeks 

of treatment
Observation group 32 15.49±2.89 29.29±4.25 106.38±17.99 79.54±13.34 16.38±3.82 23.19±4.77
Control group 28 16.38±3.69 20.52±4.62 104.35±16.27 92.85±17.13 17.04±4.51 19.03±5.58
t - 1.046 7.657 0.456 3.379 0.614 3.113
P - 0.300 0.000 0.650 0.001 0.542 0.003
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cifically the TUGT and BBS, between the two 
groups (both P > 0.05). However, after 12 

weeks of treatment, the observation group 
achieved statistically significant better out-

Figure 3. Comparison of gait parameters between the two groups. Before treatment, no significant differences were 
observed in stride length (A), cadence (step frequency) (B), and walking speed (C) between the two groups (P > 
0.05). After 12 weeks of treatment, the observation group exhibited longer stride length, higher walking speed, and 
lower step frequency compared to the control group, with these differences being statistically significant (P = 0.000, 
0.003, 0.001). OG, observation group; CG, control group.

Table 3. Comparison of freezing of gait-related indices between the two groups (
_
x  ± s, points)

Group Number of 
cases

FOG-Q UPDRS III

Before treatment After 12 weeks of 
treatment Before treatment After 12 weeks of 

treatment
Observation group 32 15.07±3.32 9.93±1.64 28.65±6.04 17.47±4.76
Control group 28 14.69±3.36 12.11±2.41 26.52±4.07 22.67±4.58
t - 0.440 4.140 1.508 4.296
P - 0.662 0.000 0.137 0.000
FOG-Q: Freezing of Gait Questionnaire; UPDRS III: part III of the Unified Parkinson’s Disease Rating Scale.

Figure 4. Comparison of freezing of gait indices between the two groups. Before treatment, no significant difference 
was found in the FOG-Q (A) and UPDRS III (B) scores between the two groups (Both P > 0.05). After 12 weeks of 
treatment, the observation group had lower FOG-Q and UPDRS III scores compared to the control group, showing 
statistically significant differences (P = 0.000, 0.000). OG, observation group; CG, control group. FOG-Q: Freezing of 
Gait Questionnaire; UPDRS III: part III of the Unified Parkinson’s Disease Rating Scale.
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comes, with lower TUGT times and higher BBS 
scores than the control group (both P = 0.000), 
as depicted in Table 4 and Figure 5.

Comparison of psychological state indices be-
tween the two groups

Prior to treatment, no significant differences 
were observed in the psychological state indi-
ces (BDI and BAI scores) between the two 
groups (both P > 0.05). After 12 weeks of treat-
ment, the observation group displayed signifi-
cantly lower BDI and BAI scores compared  
to the control group, suggesting improvements 
in psychological well-being (P = 0.000 for BDI 
and P = 0.004 for BAI). These results are pre-
sented in Table 5 and illustrated in Figure 6.

Comparison of quality of life-related indices 
between the two groups

Before treatment, there were no significant dif-
ferences in the PDQ-39 scores across dimen-

ment in FOG-Q scores, was higher in the obser-
vation group (75.00%) compared to the control 
group (57.14%). However, this difference was 
not statistically significant (P = 0.143), as 
detailed in Table 8 and Figure 9.

Discussion

In PD, the loss and degeneration of nigros- 
triatal dopaminergic neurons impair both volun-
tary and reflexive motor control, as well as pos-
tural regulation. The side effects of medica-
tions such as levodopa and amantadine can 
exacerbate motor dysfunctions in PD, with FOG 
being one of the most severe gait disorders 
[18].

In this study, the observation group, which 
received exercise-based physical interventions 
in addition to standard pharmacotherapy, 
showed significant improvements in gait param-
eters post-treatment compared to the control 
group. The interventions included the use of a 

Table 4. Comparison of gait and balance parameters between the two groups (
_
x  ± s, points)

Group Number of 
cases

TUGT (s) BBS (points)

Before treatment After 12 weeks of 
treatment Before treatment After 12 weeks 

of treatment
Observation group 32 15.25±2.74 10.67±1.93 32.65±6.29 42.68±4.88
Control group 28 16.29±2.92 13.93±2.48 31.93±9.38 35.59±6.66
t - 1.423 5.718 0.353 4.742
P - 0.160 0.000 0.725 0.000
TUGT: Timed Up and Go Test; BBS: Berg Balance Scale.

Figure 5. Comparison of gait and balance parameters between the two 
groups. Before treatment, there were no significant differences in the gait 
and balance parameters (TUGT and BBS) between the two groups (P > 0.05). 
After 12 weeks of treatment, the observation group had lower TUGT scores 
(A) and higher BBS scores (B) compared to the control group, with statisti-
cally significant differences (P = 0.000, 0.000). TUGT: Timed Up and Go Test; 
BBS: Berg Balance Scale.

sions between the two groups 
(P > 0.05). Post-treatment,  
the observation group de- 
monstrated significantly lower 
scores in all PDQ-39 dimen-
sions, including mobility, ac- 
tivities of daily living, emotion-
al well-being, stigma, social 
support, cognition, communi-
cation, and bodily discomfort, 
indicating a substantial im- 
provement in quality of life  
(all P = 0.000 except for soci- 
al support P = 0.017). These 
results are depicted in Tables 
6 and 7, and Figures 7 and 8.

Comparison of treatment effi-
cacy between the two groups

The treatment efficacy, de- 
fined by the rate of improve-
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gait plate to train specific walking frequencies 
and speeds, enhancing step rhythm. Additi- 
onally, muscle-strengthening exercises were 
employed to enhance core, upper, and lower 
limb muscle strength. This combination 
improved the dynamic interaction between 
active joints and muscles, leading to enhanced 
gait parameters in patients experiencing FOG.

FOG episodes in PD typically occur during the 
“off” phase and show a notable response to 
dopaminergic therapy, aligning with the man-
agement of the end-of-dose phenomenon. 
However, during the “on” phase, or when FOG 
persists in both “on” and “off” phases, dopami-
nergic medications often fail to provide  
adequate relief, highlighting the necessity for 
incorporating non-pharmacological treatments 
[19].

In this study, after 12 weeks of treatment, the 
FOG indices, specifically the FOG-Q and UPDRS 
III scores, were significantly lower in the obser-
vation group compared to the control group. 
This indicates that the combined regimen of 
exercise interventions and Selegiline adminis-
tration effectively reduces FOG symptoms,  
particularly enhancing initiation and turning 
speeds. Selegiline, known for its neuroprotec-
tive effects through the reduction of free radi-
cals, plays a crucial role in alleviating FOG 
symptoms.

Previous research has demonstrated the ben-
efits of complex exercise regimens on FOG. For 
instance, adaptive resistance training has  
been shown to improve FOG and facilitate  
neural remodeling [20]. A meta-analysis of 19 
studies involving 913 patients indicated that 

Table 5. Comparison of psychological state indices between the two groups (
_
x  ± s, points)

Group Number of 
cases

BDI BAI

Before treatment After 12 weeks of 
treatment Before treatment After 12 weeks of 

treatment
Observation group 32 23.36±4.38 13.46±3.30 20.72±3.34 13.84±4.26
Control group 28 23.06±5.08 18.84±4.32 21.02±5.86 16.84±3.23
t - 0.246 5.458 0.247 3.039
P - 0.807 0.000 0.805 0.004
BDI: Beck Depression Inventory; BAI: Beck Anxiety Inventory.

Figure 6. Comparison of psychological state indices between the two groups. At baseline, the BDI (A) and BAI (B) 
scores, which assessed psychological state, did not significantly differ between the two groups (P > 0.05). After 12 
weeks of treatment, the observation group demonstrated lower BDI and BAI scores than the control group, exhibiting 
statistically significant differences (P = 0.000, 0.004). BDI: Beck Depression Inventory; BAI: Beck Anxiety Inventory.



The efficacy of exercise interventions combined with Selegiline

2860	 Am J Transl Res 2024;16(7):2852-2863

Table 6. Comparison of PDQ-39 scores before treatment between the two groups (
_
x  ± s, points)

Group Number of 
cases Mobility ADL Emotional 

Well-being Stigma Social  
support Cognition Communication Bodily Discomfort

Observation group 32 27.90±3.83 16.40±2.86 17.26±2.37 12.54±1.68 8.33±1.36 12.42±2.12 9.24±1.37 8.35±0.97
Control group 28 27.68±3.81 16.79±2.21 16.56±1.71 12.30±1.58 7.94±1.18 12.39±2.13 9.19±1.36 8.24±0.93
t - 0.223 0.585 1.295 0.568 1.178 0.055 0.142 0.447
P - 0.825 0.561 0.200 0.573 0.244 0.957 0.888 0.657
PDQ-39: Parkinson’s Disease Quality of Life Questionnaire; ADL: activities of daily living.

Table 7. Comparison of 12-Week PDQ-39 scores after treatment between the two treatment groups (
_
x  ± s, points)

Group Number 
of cases Mobility ADL Emotional 

Well-being Stigma Social support Cognition Communication Bodily  
Discomfort

Observation group 32 17.61±4.45 8.82±2.12 11.00±1.85 7.15±1.51 6.57±1.37 6.86±1.74 5.06±1.26 4.53±1.01
Control group 28 22.81±3.91 11.57±1.93 15.39±1.71 10.16±1.44 7.49±1.52 10.72±1.44 7.62±1.30 7.31±1.18
t - 4.776 5.225 9.498 7.871 2.466 9.280 7.736 9.834
P - 0.000 0.000 0.000 0.000 0.017 0.000 0.000 0.000
PDQ-39: Parkinson’s Disease Quality of Life Questionnaire; ADL: activities of daily living.
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physical therapy offers short-term effective-
ness in improving FOG [21]. Exercise interven-
tions not only stimulate neural activity in the 
brain but also promote remodeling of the cen-
tral nervous system. Rhythmic adjustments 
during gait plate training help patients focus 
more on walking mechanics, thus correcting 
gait disturbances. Additionally, strength train-
ing exercises combat muscle atrophy and 
enhance patients’ ability to control their move-
ments more effectively.

Patients with PD exhibit abnormal limb motor 
function, reduced limb muscle strength, and 
impaired balance [22]. It has been established 
that FOG compromises posterior visual percep-
tion and increases the risk of falls. FOG pa- 
tients often face postural instability and bal-
ance issues due to their condition and pro-
longed medication use [23].

In this study, the TUGT values in the observa-
tion group were lower than those in the control 

cise interventions on balance function in PD 
patients with FOG.

Depression in PD patients is associated with 
the progression of the illness and disruption of 
dopamine secretion. It has been found that 
non-motor symptoms induced by PD, such as 
anxiety and depression, are independent risk 
factors for exacerbating FOG in patients [26].

In this study, the reductions in BDI and BAI 
scores after 12 weeks of treatment were  
greater in the observation group than in the 
control group. This indicates that the combina-
tion of exercise and Selegiline interventions 
may alleviate adverse psychological emotions 
in PD patients with FOG. Selegiline blocks 
dopamine degradation and inhibits its reup-
take, extending the action duration of both 
endogenous and exogenous dopamine. Addi- 
tionally, exercise interventions actively engage 
patients, fostering enjoyment and stimulating 

Figure 7. Comparison of quality of life between the two groups before treat-
ment. Before treatment, the difference between the PDQ-39 dimension 
scores of the two groups was not significant (P > 0.05). PDQ-39: Parkinson’s 
Disease Quality of Life Questionnaire.

Figure 8. Comparison of quality of life between the two groups after treat-
ment. After 12 weeks of treatment, the observation group demonstrated 
significantly lower scores in the dimensions of mobility, daily life activities, 
emotional well-being, stigma, social support, cognitive function, communica-
tion, and bodily discomfort compared to the control group, showing statisti-
cally significant differences (P = 0.000, 0.000, 0.000, 0.000, 0.017, 0.000, 
0.000, 0.000). PDQ-39: Parkinson’s Disease Quality of Life Questionnaire.

group after 12 weeks of treat-
ment, and the BBS scores 
were higher. This suggests 
that physical exercise inter-
ventions enhance balance 
function in PD patients with 
FOG. These interventions im- 
prove limb mobility, promote 
joint and muscle balance, 
reinforce the memory of spe-
cific balance postures, and 
enable adaptive posture ad- 
justments during walking or 
unexpected situations to pre-
vent falls.

A study involving 35 PD 
patients showed that resis-
tance training could bolster 
muscle strength and balance, 
positively impacting patients 
[24]. It was also noted that 
balance and resistance gro- 
up training significantly im- 
proved reactive postural res- 
ponses in PD patients with 
FOG, thereby enhancing bal-
ance function [25]. These out-
comes are consistent with  
the results of the current 
study, supporting the benefi-
cial effects of physical exer-
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endogenous dopamine secretion, thereby 
relieving negative emotions.

Quality of life assessments revealed that the 
improvement in of PDQ-39 scores after 12 
weeks of treatment in the observation group 
surpassed that in the control group. This  
suggests that the synergistic effect of exer- 
cise and Selegiline not only mitigates physical 
symptoms of FOG but also enhances overall  
life quality.

The study concluded with an analysis of treat-
ment effects based on improvements in FOG-Q 
scores, revealing higher efficacy in the observa-
tion group compared to the control group, 
though without statistical significance. This is 
attributed to the limited criteria for evaluating 
treatment effectiveness and the small sample 
size, highlighting a limitation of this study. 
Future research should establish more compre-
hensive criteria for treatment efficacy and 
include a larger patient cohort to more accu-
rately assess the therapeutic impact.

In summary, the combination of exercise inter-
ventions and Selegiline in PD patients with FOG 
can rectify gait abnormalities, significantly 
improve balance and FOG functions, alleviate 

psychological distress, and enhance quality of 
life.
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