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Abstract

Introduction/Aim Clinical worsening has been common in people with Parkinson's disease (PD) during the social distancing
due to pandemic. It is unclear if telerehabilitation applied during social distancing preserves clinical aspects of people with
PD who are frequent exercisers before the pandemic. Thus, we compared the effects of 10 months of supervised, home-based,
real-time videoconferencing telerehabilitation (SRTT) and nonexercising control on clinical aspects in people with PD who
are frequent exercisers before the pandemic.

Methods Fifty-seven (SRTT group) and 29 (nonexercising control group) people with PD were retrospectively assessed
(Clinical Trials Registry: RBR-54sttfk). Only the SRTT group performed a 60-min online training sessions, 2—3 days per
week, for 10 months (April 2020 to January 2021) during social distancing. Quality of life (PD Questionnaire [PDQ-39]),
walking (item 28 from the Unified Parkinson’s Disease Rating Scale part III [UPDRS-III]), posture (item 29 from the UPDRS-
II), and freezing of gait (New-FOG questionnaire [NFOGQ]) were retrospectively assessed before (February—March 2020)
and during social distancing (February—March 2021). The assessments were performed in-person and remotely before and
during social distancing, respectively.

Results There were no between-group differences at baseline (p > 0.05). SRTT preserves PDQ-39 and walking scores but not
posture and NFOGQ scores, while nonexercising control worsens scores in all variables. In addition, SRTT is more effective
than nonexercising control in preserving PDQ-39 and walking scores.

Conclusion During social distancing, long-term SRTT preserves the subjective quality of life and walking, but not subjective
posture and FOG in people with PD who are frequent exercisers before the pandemic.
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tancing policies to contain the spread of the Coronavirus dis-
ease 2019 (COVID-19). Social distancing, such as physically
distancing from other people, staying at home or avoiding
crowded areas decreases social interaction [1] and physical
activity levels [2], which negatively affect the quality of life
of individuals with chronic diseases [3], such as Parkinson’s
disease (PD) [4, 5].

PD is a chronic neurodegenerative disease mainly char-
acterized by motor signs (e.g., gait disturbances). A higher
COVID-19 mortality rate has been described in individuals
with advanced PD and longer disease duration [4]. People
with PD have reported more fear of the COVID-19 pandemic
[S5, 6], increased self-isolation and social distancing [5], and
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increased body weight and risk of falls [7]. Social distancing
decreased the physical activity levels and the quality of life,
as well as worsened clinical aspects (walking, posture, and
freezing of gait [FOG]) [5] and balance [7] of people with
PD. In Brazil, a country with large socioeconomic differ-
ences, the self-reported clinical worsening and the reduc-
tion in the physical activity volume in people with PD dur-
ing social distancing were aggravated by restricted access
to telerehabilitation and e-health systems [5], which were
already precarious in this country, even before the COVID-
19 pandemic [8]. Thus, the implementation of low-cost
remote rehabilitation is urgently needed to improve the qual-
ity of life of these people during social distancing.

A recent review has reinforced the use of telerehabilita-
tion to improve the remote provision of exercise to people
with PD to maintain physical mobility and emotional well-
being, mainly during social distancing [9]. Although many
recent studies have been published on telerehabilitation in
PD [9], which include virtual reality, exergaming, or per-
sonal sessions (1:1), there is no evidence of the effect of
telerehabilitation, real-time videoconferencing exercise ses-
sions, implemented during social distancing due to COVID-
19 pandemic on clinical aspects of PD.

Thus, this retrospective study compared the effects of
10 months of nonexercising control and supervised, home-
based, real-time videoconferencing telerehabilitation
(SRTT) on clinical aspects (subjective quality of life, walk-
ing, posture, and FOG) that worsened during social distanc-
ing in people with PD living in Brazil [5]. SRTT included
exercise sessions of sitting and standing dance and physio-
therapy (lower- and upper-limbs free weight exercises, coor-
dination exercises, and stationary walking with and without
dual task), which are known to improve walking, posture,
FOG, and quality of life of people with PD [10-12]. Thus,
we hypothesized that SRTT but not nonexercising control
applied during social distancing would preserve clinical
aspects of people with PD who are frequent exercisers before
the pandemic.

Materials and methods
Study design and participants

This retrospective study was conducted between February
2020 (before the pandemic) and March 2021 (during the
pandemic) during social distancing (e.g., staying at home).
The Brazilian Ministry of Health confirmed the first case
of COVID-19 on February 25, 2020. As no lockdown was
imposed, social distancing was initiated on March 11, 2020.

A convenience sample of people with PD (n=286) who
are frequent exercisers before the pandemic and users from
the Brazil Parkinson Association participated in this study.
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The diagnosis of idiopathic PD was confirmed by a move-
ment disorders specialist from Brazil Parkinson Association
in accordance with UK Parkinson’s Disease Society Brain
Bank diagnostic criteria [13].

Data of those participants (Hoehn and Yahr stage between
1 and 4 [14]) were included in this study if the participants
met all inclusion criteria, as follows: (1) 35 to 90 years of
age; (2) social distancing during the COVID-19 pandemic
since March 2020; (3) frequent exercises (60-min session,
2-3 days per weeks, for 6 months) before the pandemic and
users from Brazil Parkinson Association; (4) absence of
dementia and severe depression; (5) absence of severe hear-
ing and visual problems that make it impossible to perform
SRTT; and (6) adhered to SRTT or nonexercising control
from April 2020 in the Brazil Parkinson Association. Par-
ticipants were classified as having FOG if they answered
affirmatively the first question of the New FOG Question-
naire (NFOGQ) [15] following the presentation of a video
showing examples of individuals experiencing FOG.

Individuals gave their written informed consent to par-
ticipate. The study was approved by University’s Ethical
Committee (School of Arts, Sciences and Humanities of
the University of Sao Paulo) and registered at the Brazilian
Clinical Trials Registry (ReBEC, number: RBR-54sttfk).

Study procedures

Participants were assessed in the clinically defined ‘‘on’’
state (fully medicated) within 1.5 h of taking their morn-
ing dose of dopaminergic medication by the same physical
therapist before and during social distancing. Although we
did not use the previously-suggested criterion for DOPA-
responsiveness (difference between on and off scores on the
Unified Parkinson’s Disease Rating Scale part III [UPDRS-
III] > 5) [16, 17], after participants took the first dosage of
medication, they were asked to remain seated for at least
20 min, which has been deemed as an appropriate time win-
dow for the medication to improve their motor state [18], as
we have previously published [19]. Before social distancing
(February to March 2020), the assessments were conducted
face-to-face at Brazil Parkinson Association’s facilities. Dur-
ing social distancing (February to March 2021), real-time
videoconferencing assessments (post-test) were performed
24 h after the last session of SRTT. Free videoconferencing
software programs (e.g., Skype or Google Meet) were used.
Participants used a webcam and a computer, a mobile phone
or a tablet that they had at home when engaging in the vide-
oconferencing assessments. The participants were instructed
to do the assessments in adequate places of their homes (e.g.,
enough space and access to the quiet and distraction-free
area) to avoid communication issues (patient and physical
therapist) and limited view of the patients due to the camera
angle.
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Outcome measures included subjective quality of life,
walking, posture, and FOG severity. A physical therapist
who did not participate in exercise intervention assessed
quality of life using the Parkinson’s Disease Questionnaire
(PDQ-39) [20], walking and posture using items 28 and 29
from the UPDRS-III, respectively [21], and FOG severity
using the NFOGQ [15]. A previous study demonstrated the
feasibility between face-to-face and real-time videoconfer-
encing assessments for items from UPDRS-III including
walking and posture [22], which do not require physical
interaction between individual with PD and assessors. See
Supplementary Material for a detailed description of the
assessments.

Interventions

We applied real-time videoconferencing exercise sessions to
provide feedback to participants in real-time and to observe
if people with PD were performing exercises safely and cor-
rectly, as previous studies used assistance via phone calls or
email but not real-time videoconferencing have found issues
of exercise execution [7, 23, 24].

The nonexercising control group did not perform any
exercise intervention. Only the SRTT group performed exer-
cise intervention. Participants were trained in the clinically

defined ‘‘on’’ state and underwent a 60-min online train-
ing session, 2-3 days per week, for 10 months (April 2020
to January 2021). SRTT included two sessions of sitting
and standing dance activities and one session of sitting and
standing physiotherapy exercises as demonstrated in Fig. 1.
During exercise sessions, two physiotherapists supervised
up to 12 people per group. One physiotherapist gave instruc-
tions on the training protocol and conducted the exercise
sessions, while another physiotherapist provided feedback
for the people with PD on the correct execution of the move-
ment, which is very important as feedback on performance
plays a crucial role in motor rehabilitation [25]. Although
telerehabilitation causes some problems related to a limited
view of the participant due to camera angle and difficulty
obtaining a valid assessment of movement during exercise
practice and assessments [24], real-time videoconferencing
exercises allow patients to actively interact with the physi-
otherapist, which increases confidence and feedback on exer-
cise practice [23]. See Supplementary Material for details
of SRTT intervention.

The equipment used to increase the difficulty and pro-
gression of the exercises included sticks, weights (plastic
bottles or packaged food from 500 g to 2 kg), and elastic
bands with different color-coded resistance levels. Training
intensity was maintained between 10 and 13 points of the

SRTT
intervention

Sitting and Standing
Senior Dance

(2 days p/week, 60-
min session)

Physiotherapy

(1 day p/week, 60-min

session)
I

Brazilian songs-based
rhythmic movements
(head, neck, upper and
lower-limbs) that
included motor (circular,
extension, and flexion),
psychomotor, and
cognitive skills

(60 minutes)

Lower and
upper-limbs free
weight exercises

(half squat,
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chest press, knee
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(25 minutes)
| |

Coordination
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and backward
and single leg
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|
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10 times for 1
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interval

60 seconds
interval

Fig. 1 Schematic representation of the supervised, real-time videoconferencing telerehabilitation (SRTT)
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rating of perceived exertion, which are perceived exertion
as fairly light and somewhat hard, respectively.

Adherence (how frequently the participants attempted
real-time exercise) also was used as a proportion of com-
pleted exercises from the total number of exercises to be
performed during the total participation online period.

Statistical analyses

Normality and the presence of extreme observations were
assessed through the Shapiro—Wilk test and box-plots,
respectively. To compare the characteristics between groups
at baseline, we used independent t-tests. Chi-square was
used to determine whether the proportion of freezers and
non-freezers and men and women was different between
groups.

Data were analyzed with a magnitude-based inference
using effect sizes (ES). The estimated mean and standard
deviation (SD) delta changes from each group were used to
calculate ES and confidence interval (CI). Thus, to test for
the effects of SRTT and nonexercising control on outcomes,
ES and CI were calculated for within-group (before vs. dur-
ing social distancing) and between-groups (changes) com-
parisons [26]. The 95% CI of the ESs were calculated using
a non-central t distribution [27, 28]. Positive and negative
CI [i.e., not crossing zero (0)] were considered as signifi-
cant. The ES has been suggested for group comparisons as
it allows the determination of the magnitude of the treat-
ment effects, the interpretation of its practical significance,
and it does not give a dichotomic answer (i.e., significant
or not significant) [28]. ESs were classified as small (ES
0.20-0.49), medium (ES 0.50-0.79), and large (ES >0.80)
[29].

To compare the levodopa equivalent dose [30], a mixed
model for the repeated measure was applied, assuming
groups (SRTT and nonexercising control) and times (before
and during social distancing) as fixed factors and people
with PD as a random factor. The Tukey post hoc was used for
multiple comparisons when a significant F' value was found.

Results are presented as mean (SD). Statistical procedures
were implemented using SAS 9.2® (Institute Inc., Cary, NC,
USA) and the level of significance was set at P <0.05.

Results

Participants’ characteristics

Eighty-six participants from Brazil Parkinson Associa-
tion who were performing physical exercises before social
distancing start in S3o Paulo city (March 22, 2020) were

included in this study. All participants volunteered for the
study, signed the written consent and fulfilled inclusion
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criteria. Eighty-six participants performed baseline test-
ing (before social distancing) and were divided into SRTT
(n=157) and nonexercising control (n=29) groups, if they
adhered (SRTT) or not (nonexercising control) to telereha-
bilitation during social distancing. No participant dropped
out of study (Fig. 2).

At baseline, there were no between-group differences
in demographic, anthropometrical, or clinical outcomes
(Table 1), as expected, there was only difference between
the number of freezers and non-freezers between groups
(P=0.026).

SRTT preserves the subjective quality of life
and walking

The PDQ-39 and walking scores showed no significant ES
after SRTT (ES=- 0.01 and ES =— 0.05, respectively)
but showed significant and small ESs after nonexercis-
ing control (ES =0.50 and ES =0.47, respectively), which
demonstrate that only SRTT preserves the subjective qual-
ity of life and walking during social distancing in people
with PD who are frequent exercisers before the pandemic.
When comparing SRTT and nonexercising control groups,
SRTT showed a significant and moderate effect on the
PDQ-39 scores (ES=— 0.71) and a significant and small
effect on the walking scores (ES =— 0.47). Details are
given in Table 2 and Fig. 3.

SRTT does not preserve subjective posture and FOG

The posture and NFOGQ scores showed significant
and small ESs after SRTT (ES =0.23 and ES =0.29,
respectively) and after nonexercising control (ES =0.41
and ES =0.25, respectively), which demonstrate that both
groups worsen subjective posture and FOG during pan-
demic. There was no between-groups difference at post-
training for posture scores (ES =0.08) and NFOGQ scores
(ES =0.04). Details are given in Table 2 and Fig. 3.

Adherence and adverse events

Adherence to the SRTT was high. Participants performed
89.2 + 6.8 sessions (89%). Only two adverse events were
reported during SRTT sessions. One participant reported
sustained injuries (low-back pain) for three weeks while
performing stationary walking with the dual task, but no
medical intervention was required. Another participant fell
while doing chest-press with an elastic band with a high
resistance level, but no medical intervention was required.
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[ Enrollment and data collection ]

Individuals with PD who exercised before social
distancing and assessed for eligibility (n= 86)

Baseline assessments before social distancing
(February to March 2020, n = 86)

Individuals with PD followed during social
distancing (n = 86)

Individuals with PD who
adhered to SRTT between
April 2020 and January 2021

Individuals with PD who
adhered to Control
intervention between April

(n=57)

2020 and January 2021

Lost to follow-up (n=0)

Lost to follow-up (n=0)

March 2021)
m=157)

[ Analyzed ] [ Follow-up J [ Intervention }

Assessed and analyzed during
social distancing (February to

Assessed and analyzed during
social distancing (February to
March 2021)
mn=29)

Fig.2 Consort diagram. SRTT: supervised, real-time videoconferencing telerehabilitation; Control: nonexercising control group

Medication dosage through the study

We did not attempt to prevent participants from chang-
ing their medication dosage during the study period for
ethical reasons. Although at the beginning of the study
all participants were taking their usual medication dos-
age and had stable dopaminergic therapy for at least three
months, during the study period some participants modi-
fied the dose of their medication. Eleven exercise group
participants and 5 control group participants had their
levodopa doses increased and 2 control group participants

added amantadine to their usual medication dosage. The
neurologist decided to adjust the drug treatment based on
participant complaints regarding FOG severity during rou-
tine appointments. The physical therapist was responsible
for registering the changes reported by the patients after the
routine appointments with their neurologists. It is important
to highlight that we performed additional analyses with-
out these participants (see Supplementary Table 1), which
did not significantly influence on the results presented in
Table 2. In addition, we did not observe significant changes
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Table 1 Characteristics of the

participants at baseline, by
group. Mean(SD)

SRTT Control p value
Characteristics (n=57) (n=29)
Men/women (number) 30/27 15/14 0.934
Freezers/Non-freezers (number) 21/36 9/20 0.026
Age (years) 66.9 (9.8) 65.1 (9.9) 0.422
Educational level (years) 11.7 (5.7) 11.4 (5.6) 0.795
Body mass (kg) 70.0 (12.5) 65.2 (12.1) 0.110
Height (cm) 1.6 (0.1) 1.7 (0.1) 0.193
Body mass index (kg/mz) 25.9 (4.6) 23.9(5.3) 0.099
MoCA (score) 24.5 (2.8) 24.9 (3.6) 0.187
Years since diagnosis (years) 7.6 (5.2) 8.0 (5.7) 0.758
Modified Hoehn and Yahr staging scale (a.u) 2.6 (0.7) 2.8 (0.6) 0.359
1 1 0
1.5 1 0
2 20 9
3 31 17
4 4 3
L-Dopa equivalent daily dose (mg/day) 619.7 (341.3) 618.1 (451.5) 0.986
UPDRS-III (score) 31.8(17.4) 33.6 (15.7) 0.647
Days practicing social distancing (days/week) 6.4 (1.2) 6.7 (0.7) 0.170
Outcomes
PDQ-39 (%) 32.3(13.8) 33.0(13.3) 0.182
Walking from UPDRS-III (score) 1.3 (0.8) 1.4 (0.8) 0.997
Posture from UPDRS-III (score) 0.9 (1.1) 1.0 (0.7) 0.621
NFOGQ (score) 15.2 (7.1) 16.5 (7.6) 0.768

SRTT supervised, real-time videoconferencing telerehabilitation, Control nonexercising control group,
MoCA Montreal Cognitive Assessment, a.u. arbitrary units, UPDRS-III Unified Parkinson’s Disease Rat-
ing Scale part III, PDQ-39 Parkinson’s Disease Questionnaire, NFOGQ New-freezing of gait questionnaire

Table 2 Mean(SD) of the 8, Effect size (ES) and Confidence Interval (CI) for each outcome measure

Outcomes SRTT

Control SRTT vs. Control

Mean(SD) ES ES 95% CI Low/High Mean(SD) ES  ES95%CI Mean(SD) ES ES 95% CI Low/High
Low/High
PDQ-39 (%) 0.05(9.23) —-0.01 —0.22/0.21 6.65(14.52) 0.50 0.17/0.82  7.70(14.93) -0.71 -1.12/-0.31
Walking (%) 0.04 (0.73) —0.05 —0.33/0.24 0.38(0.73) 047 0.16/0.77  0.55(0.95) —047 -0.90/-0.04
Posture (%)  0.23 (0.60) 0.23 0.05/0.41 0.28(0.84) 041 0.01/0.80 0.03(0.82) 0.08 —0.28/0.44
NFOGQ (%) 2.05(3.63) 0.29 0.14/0.44 1.89(4.83) 0.25 0.06/0.44  0.28(3.23) 0.04 —0.33/0.42

SRTT Supervised, real-time videoconferencing telerehabilitation, Control Nonexercising control group, PDQ-39 Parkinson’s Disease Question-
naire, NFOGQ New-freezing of gait questionnaire

in medication dose [30] for any group before and during  walking, posture, and FOG severity in people with PD
social distancing as demonstrated in Table 3. who are frequent exercisers before the pandemic. Our

findings showed that SRTT preserves the subjective
quality of life and walking but not subjective posture

Discussion and FOG in people with PD who are frequent exercisers

before the pandemic. On the other hand, nonexercising
To the best of our knowledge, this is the first study to ret-  control worsens all outcomes during social distancing.
rospectively compare the effects of 10 months of SRTT  Additionally, SRTT was more effective than nonexercis-
and nonexercising control on subjective quality of life,  ing control in preserving PDQ-39 and walking scores at

@ Springer



Acta Neurologica Belgica

A

44
42
40
384
361 During
344
324
30 Before
28

Worse

PDO-39 (%)

During Before

SRTT Control
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Before
0.8+
Before

Posture from UPDRS-III (score) 0

SRTT Control

Fig.3 Mean (SD) over the two time points (before and during social
distancing) in the SRTT group (supervised, real-time videoconferenc-
ing telerehabilitation) and Control group (nonexercising) for percep-
tion of quality of life (A panel), walking (B panel), posture (C panel),

B
R
s
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s
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'§ " | Before & Before
3
210
SRTT Control
20
2
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S 5| 184
3
& During
G 164
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& During
= 144
B Before
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12
SRTT Control

and freezing of gait (D panel). Abbreviations: UPDRS-III: Unified
Parkinson’s Disease Rating Scale part III; PDQ-39: Parkinson’s Dis-
ease Questionnaire; NFOGQ: New-freezing of gait questionnaire

Table 3 Mean(SD) over the
two time points (before and
during social distancing) in

Medications dose

SRTT Control

Before During Before During

the SRTT group (supervised,
real-time videoconferencing
telerehabilitation) and control
(nonexercising control group)
for antiparkinsonian medication
dose

L-Dopa (mg/day)
Amantadine (mg/day)
Entacapone (mg/day)
MAORB inhibitors (mg/day)
Dopamine agonists (mg/day)

L-Dopa-equivalent daily dose (mg/day)

380.7 (3432)  394.5(351.5) 349.8 (316.6) 355.7 (337.2)

159.0 (88.1)  159.0(88.1)  125.0(95.7)  128.5(96.1)
62.7 (55.1) 62.7 (55.1) 127.7 (44.0)  127.7 (44.0)
14.6 (6.4) 14.6 (6.4) 133 (5.8) 13.3(5.8)
2.7(1.9) 2.7(1.9) 2.3(2.5) 2.3(2.5)

619.7 (341.3)  633.5(363.7) 618.1 (451.5)  627.5 (460.3)

post-training in people with PD who are frequent exercis-
ers before the pandemic.

SRTT preserves the subjective quality of life
and walking during social distancing

We have previously demonstrated that reduced quality of life
was a common predictor of worse motor (e.g., walking and
balance) and non-motor (e.g., sleep problems and fatigue)
aspects of daily life experiences during social distancing
of people with PD (n=478) living in Brazil [5]. Decreased

quality of life during social distancing was aggravated by
the lack of provision and/or access to telerehabilitation pro-
grams [5], as physical exercise has an integral impact on
the quality of life of individuals with PD [31]. Our study is
the first to show that 10 months of SRTT during social dis-
tancing can preserve the quality of life compared to before
the social distancing. In addition, SRTT is more effective
than nonexercising control in preserving the quality of life.
Thus, our findings reinforce the need and potential benefits
of using telerehabilitation strategies for individuals with PD
during social distancing. We used a supervised, group-based
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real-time videoconferencing telerehabilitation at home and
our results are consistent with previous findings in which
nine months of individualized, tablet-based physiotherapy
program at home improved the quality of life (PDQ-8) of
people with PD compared to a nonexercising control group
[32]. Thus, home-based telerehabilitation strategies, either
individualized [32] or in group (Table 2), can positively
impact the quality of life of people with PD who are frequent
exercisers before the pandemic.

In addition, high adherence rates to telerehabilitation,
such as the one found in our study (89%) seem to be essential
for beneficial effects of this intervention in quality of life, as
a recent clinical trial showed that high adherence (> 80%)
to home-based telerehabilitation is positively correlated to
a better quality of life of individuals with PD [33]. Adher-
ence seems to be crucial when exercising at home, since the
individual’s motivation to get more involved in his/her own
healthcare and to embrace continuity of care are essential for
an assertive telerehabilitation practice [34].

Regarding walking, we have previously found that peo-
ple with PD living in Brazil reported problems with sub-
jective walking (item 2.12 of the MDS-UPDRS part II)
during social distancing [5]. Walking is directly related to
functional mobility, which is frequently impaired in PD and
tends to get worse as the disease progresses [35], even dur-
ing pharmacological treatment (e.g., levodopa) [35]. Thus,
it is expected that people with PD who did not adhere to
SRTT (the nonexercising control group) during social dis-
tancing had more walking deficits than people who adhered
to SRTT. Our findings showed that SRTT was more effec-
tive than nonexercising control in preserving walking during
social distancing. SRTT involved several exercises, such as
standing dance, stationary walking while talking (e.g., cog-
nitive tasks), and lower- and upper-limbs free weight exer-
cises, which are interventions known to positively impact
walking in PD [10-12]. Our findings are in accordance with
a previous study which showed that seven months of indi-
vidualized telerehabilitation including motor and cognitive
tasks, dual-task activities, and free weight exercises for both
upper and lower limbs improved walking (2-m walk test)
in people with PD [33]. Taken together, telerehabilitation
strategies at home (individualized or group-based) can posi-
tively impact the walking of people with PD who are fre-
quent exercisers before the pandemic, although our study is
the first to demonstrate the SRTT benefits on walking during
social distancing.

SRTT does not preserve subjective posture and FOG
during social distancing

We found that subjective posture and FOG got worse after

SRTT as much as after nonexercising control. Thus, SRTT is
not effective to preserve the posture and FOG of people with
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PD who are frequent exercisers before the pandemic. In PD,
abnormal posture and FOG are the main symptoms linked to
falls [36]. Abnormal posture in PD is associated with deficits
in flexed posture, trunk flexion and rotation, muscle rigidity,
and loss of postural reflexes, which are observed in moderate
to severe stages of PD. In fact, in our study, most partici-
pants (56%) had moderate stages of PD, which indicate that
our participants had abnormal posture. Abnormal posture
affects the individual’s ability to speak clearly, moving the
neck and upper extremities, postural control, and perception
of the body’s position in space. Thus, rehabilitation pro-
grams able to improve posture are urgently needed for this
population. Schenkman et al. [11] showed that 10 weeks of
an individualized exercise-program specifically designed to
improve posture (e.g., functional axial rotation) and func-
tional reach improved the spinal flexibility and function of
people at moderate stages of PD when compared to non-
exercising control (without physical exercise). Our SRTT
program did not include specific exercises to improve spinal
flexibility, as participants performed most of the exercises in
the sitting position, while in the study of Schenkman et al.
[11] participants performed exercises moving from a supine
to a sitting position. In addition, our participants performed
group- and home-based exercises, while in the study of
Schenkman et al. [11], participants performed individual-
ized and facility-based training, which could have enabled
participants to practice the exercises at their optimal capac-
ity. Therefore, the implementation of exercise interventions
designed to target posture is important for people with PD
and should be incorporated into telerehabilitation programs
in the future.

Our study has also identified that 54.3% and 31% of
the people from SRTT and nonexercising control groups,
respectively, were characterized as freezers. The NFOGQ
scores increased after SRTT and nonexercising control dur-
ing social distancing compared to before the pandemic,
which demonstrates that sitting and standing dance and
physiotherapist exercises have no positive effects on subjec-
tive FOG severity. A recent meta-analysis showed that inter-
ventions aimed directly at the alleviation of subjective FOG
severity or FOG-provoking triggers (e.g., external cueing
and treadmill training with cues) are beneficial for freezers
[10]. Although our SRTT program included motor-cognitive
exercises that are beneficial in reducing NFOGQ scores [37],
our telerehabilitation protocol was not challenging enough
to reduce NFOGQ scores, once triggers for FOG include
performing complex activities, such as cognitive challenges
while walking and overcoming environmental challenges
(e.g., obstacles and turning). Home-based training limits
people with PD to perform exercises at their optimal capac-
ity, which result in less improvement in balance and gait
when compared to facility-based training [38]. Additionally,
people with PD may experience more fear of falling when
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performing more challenging exercises at home, as fear of
falling is a perceived barrier to exercise in this population
[39]. Future telerehabilitation programs should be designed
to safely target FOG. A possibility is to perform the exercise
in the presence of a caregiver. For example, Gandolfi et al.
[40] demonstrated that seven weeks of home-based virtual
reality balance training with the progressive challenge of
postural control and in the presence of a caregiver is a fea-
sible alternative to in-clinic balance training for reducing
postural instability in people with PD [40]. Thus, future
telerehabilitation studies designed to reduce FOG should
consider the presence of a caregiver to monitor the individu-
als with PD during challenging training sessions, warranting
its safety.

Strength and limitations of this study

The strength of this study is that we were able to apply
10 months of SRTT to people with mild-to-severe stages
of PD with minimum adverse events and high adherence
to treatment during social distancing due to the COVID-19
pandemic, which demonstrate the feasibility of SRTT for
this population during social distancing.

Our study also has limitations: i) due to social distancing,
post-intervention assessments were all performed by vide-
oconferencing. Although a previous study [22] demonstrated
the feasibility between face-to-face and real-time videocon-
ferencing assessments for items from MDS-UPDRS that
were used in the present study, there is no study demon-
strating the feasibility between face-to-face and real-time
videoconferencing assessments for PDQ-39 and NFOGQ,
which require future investigation; ii) the most of the par-
ticipants (57%) had a mild cognitive impairment (score <25
in the Montreal Cognitive Assessment), which might limit
the engagement in remote therapy. However, a previous
study found positive effects of home-based telerehabilita-
tion on walking and balance in people with PD with mild
cognitive impairment [33], which demonstrate that people
with PD with cognitive impairment can perform telereha-
bilitation; iii) our study did not include follow-up evaluation
after the telerehabilitation program. Thus, we do not know
if the improvement in subjective quality of life and walking
were retained; iv) all participants and investigators were not
blinded in this study, which increase the risk of selection
and detection bias. However, the same physical therapist
who assessed participants before and during social distanc-
ing did not participate in the exercise intervention, which
decreases the risk of performance bias; v) the present study
has an intrinsic limitation because of the retrospective study
design itself. Thus, long-term randomized controlled trials
are needed to validate the reported benefits of the SRTT on
quality of life and walking during social distancing in people
with mild-to-severe PD; vi) future studies should compare

home-based telerehabilitation vs. in-person rehabilitation in
people with PD, as a previous study showed similar gains
in arm motor function regardless of type of rehabilitation
(in-person or home-based teherehabilitation) in people
after Stroke [41]; and vii) although this was a convenience
sample size, an exploratory sample size estimate (G*Power
v. 3.0.10, Universitit Kiel, Germany) suggests that a total
sample size of 54 people with PD would be needed to obtain
a significant and moderate effect (ES =0.50, a=0.05,
1-$=0.95) on the PDQ-39 scores when comparing SRTT
vs. nonexercising control group. Although this indicates
that the present study had an appropriate sample size, as
we observed a significant and moderate effect (-0.71) on the
PDQ-39 scores when comparing SRTT vs. nonexercising
control, both groups were unbalance, thus, large prospec-
tive and randomized controlled trials are needed to confirm
our findings.

Conclusions

SRTT is more effective than nonexercising control in pre-
serving the subjective quality of life and walking in individ-
uals with mild-to-moderate PD who are frequent exercisers
before the pandemic, although SRTT does not positively
affect the subjective posture and FOG. In addition, SRTT
has shown high adherence (89%). Although long-term SRTT
can preserve the subjective quality of life and walking dur-
ing social distancing, future prospective and randomized
controlled trials are needed to investigate the effects of the
SRTT program on quality of life, walking, posture, and FOG
in people with PD.
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