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Background and aims. This study investigated the effect of Lee Silver-
man Voice Treatment® BIG (LSVT® BIG) on four major motor symptoms
(tremor, rigidity, bradykinesia, and postural instability/gait disorder) in
patients with Parkinson’s disease classified as Hoehn and Yahr (HY)

stages II-lll.
Methods. This retrospective, observational, single-center study includ-
ed 17 patients with Parkinson’s disease classified as HY stages II-ll. To

examine the effect of the LSVT® BIG, the total scores of the Movement
Disorder Society-sponsored revision of the Unified Parkinson’s Disease
Rating Scale (MDS-UPDRS) Part lll and each score of the major mo-
tor symptoms (tremor, rigidity, bradykinesia, and postural instability/
gait disorder) extracted from the MDS-UPDRS Part Il were assessed
pre- and post-LSVT® BIG. The Wilcoxon signed-rank test was used for
statistical analysis.

Results. The total scores of MDS-UPDRS Part Ill, bradykinesia, and
postural instability/gait disorder improved when comparing pre- and
post-LSVT® BIG (median [interquartile range]: 24 [16-36] to 18 [13-22],
8 [6-11] to 6 [5-8], and 5 [3-8] to 3 [1-5], respectively). The tremor and
rigidity scores showed a trend toward improvement but did not achieve
statistical significance (median [interquartile range]: 4 [0-6] to 3 [0-5],
and 4 [2-10] to 4 [2-6], respectively).

Conclusions. These results suggest that LSVT® BIG for patients with
Parkinson’s disease classified as HY stages II-lll is effective for improv-
ing bradykinesia and postural instability/gait disorder. The findings have
important clinical implications for preliminarily estimating the effect of
LSVT® BIG on each major motor symptom.

Key words: Parkinson’s disease, Lee Silverman Voice Treatment® BIG,
motor symptom
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INTRODUCTION

Parkinson’s disease (PD) is a progressive neurodegen-
erative disorder affecting the motor system. The four
major motor symptoms of PD include tremors, rigid-
ity, bradykinesia, and postural instability/gait disorder
(PIGD) 4. Tremors, rigidity, and bradykinesia appear in
the early stages of PD; although troublesome, they are
often mild and rarely debilitating 8. PIGD appears in the
advanced stage of the disease, and includes postural
changes with camptocormia and/or Pisa syndrome,
postural instability, and gait disorder with freezing gait
and/or festinating gait. These are major problems that
increase the frequency of falls. PD motor symptoms
gradually worsen over time, thus resulting in a decline
in functional and daily living activities 78.

It is imperative to treat moderate motor symptoms in
patients undergoing exercise therapy. Previous stud-
ies reported that the average duration between the
onset of motor symptoms and the diagnosis of PD is
approximately 2 to 3 years, and most patients exhibit
symptoms at HY stages II-lll at the time of diagno-
sis 219, Patients or their caregivers often overlook the
initial signs of PD because these symptoms are often
associated with normal physiological aging ''. In some
cases, when patients experience motor symptoms,
they consult traditional practitioners before consulting
a neurologist °.

The Lee Silverman Voice Treatment® BIG (LSVT® BIG)
is a popular exercise therapy employed in clinical
practice for patients with PD classified as HY stages
lI-1ll. Conceptually, the LSVT® BIG focuses on im-
proving self-perception and movement patterns by
proprioceptive recalibration via a therapist’s imitation
and tactile or visual cues 2. Particularly, LSVT® BIG
was developed to improve bradykinesia . Previous
studies showed that LSVT® BIG improved the scores
of the Unified Parkinson’s Disease Rating Scale (UP-
DRS) Part lll, which includes an evaluation of four
major motor symptoms (tremor, rigidity, bradykinesia,
and PIGD) in patients with PD, including those with
HY stages II-lll 11516, For example, Ebersbach et al.
reported that LSVT® BIG significantly improved the
UPDRS Part Il scores in patients with PD compared
with Nordic walking or unsupervised home-based
training programs .

However, to our best knowledge, there have been no
reports regarding the effects of LSVT® BIG on tremor, ri-
gidity, bradykinesia, and PIGD. Thus, the present study
aimed to investigate the effect of LSVT® BIG on each
of the four major motor symptoms in patients with PD
classified as HY stages II-Il.

METHODS

STUDY DESIGN AND PARTICIPANTS

This retrospective, observational, single-centre study
was conducted according to the Strengthening the
Reporting of Observational Studies in Epidemiology
statement 7.

Convenience sampling of inpatients and outpatients
between July 2018 and August 2022 at Kawamura
Hospital was used to recruit the patients. The inclusion
criteria were as follows: (1) PD diagnosis by a neurolo-
gist according to the UK Parkinson’s Disease Asso-
ciation Brain Bank Clinical Diagnostic Criteria '8, (2) PD
classified as HY stages lI-lll, (3) underwent the LSVT®
BIG as a prescribed therapy based on clinical deci-
sion and not for research purposes, and (4) ability to
understand verbal instructions. The following patients
were excluded: a history of neuromuscular disease
(except for PD) and with missing data. The levodopa
(L-dopa) equivalent daily dosage was calculated using
a previously published formula *°. All patients remained
on regular L-dopa medications during the LSVT® BIG
period.

LSVT® BIG

LSVT® BIG was prescribed for patients with PD who
were able to understand verbal commands; were on
stable levodopa medication; and who had recently ex-
perienced increasing motor symptoms, difficulty with
functional movements, and impaired activities of daily
living (ADLs) according to self- or family reports. The
study involved all patients receiving 16 face-to-face
exercise sessions with physical therapists certified in
LSVT® BIG. Each session lasted an hour long, 4 times
a week for 4 weeks. Additionally, a daily home exer-
cise program was implemented. The exercise sessions
comprised four parts in order of increasing difficulty: (1)
standardised whole-body movements, (2) functional
tasks, (3) hierarchy tasks, and (4) BIG walking.
Standardised whole-body movements consisted of
seven daily exercises performed with maximal am-
plitude and effort. The functional tasks consisted of
multiple repetitions of five functional component tasks
tailored to each individual. These exercises were func-
tionally goal-directed ADLs based on participants’ self-
identified movement problems, with sessions being
conducted during the first half of each session (30min
or more).

Hierarchy tasks consisted of one complex multistep task
tailored to achieve participants’ goals and interests. BIG
walking involves ambulating with high-amplitude (large)
and high-effort movements for distance and time. These
exercise sessions were conducted in the second half
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of each session (30min or less). These exercises were
multidirectional, sustained, and repetitive whole-body
movement patterns: two in a sitting position and five
in a standing position. The patients were instructed to
encourage their performance within the range of 7-8/10
on a modified Borg scale of their perceived maximum
effort 29, In addition, the patients were instructed to
perform larger movements during routine activities to
provide continuous exercise in everyday movements.

ASSESSMENT

The assessments were conducted by a physical thera-
pist who did not provide the LSVT® BIG. They were
performed the week before the LSVT® BIG was started
and 4 weeks after the LSVT® BIG was completed. All
assessments were made during the “on” medication
state (i.e., 1 hour after medication) to eliminate the dif-
ference in the medication cycle (e.g., on/off state). The
Mini-Mental State Examination was used in the cog-
nitive assessment. This examination is the most com-
monly used scale in cognitive function evaluation, with
an established reliability (Pearson’s correlation coef-
ficient [rho; p] > 0.82) and concurrent validity (Pearson’s
correlation coefficient [rho; p] > 0.66) 2.

The HY stage was evaluated to determine disease
severity. The Movement Disorder Society-sponsored
revision of UPDRS (MDS-UPDRS) Part Il was used
for specific assessment. Briefly, the MDS-UPDRS is a
modified version of the UPDRS that provides a more
detailed evaluation of PD symptoms 2. It is a 33-item
scale, and the maximum score is 132 points, with
higher scores indicating more severe motor symptoms.
The MDS-UPDRS Part lll has high internal consistency
(Cronbach’s alpha = 0.93) and concurrent validity in
patients with PD 23,

In this study, the MDS-UPDRS Part Il was used to
quantify the overall motor symptoms, including tremor,
rigidity, bradykinesia, and PIGD. Furthermore, based on
the definition used by Duncan and Earhart 24, the scores
for each of the four major motor symptoms were cal-
culated by summing the items corresponding to each
symptom: tremor (3.15-3.18), rigidity (3.3a-3.3e), brad-
ykinesia (3.4-3.8 and 3.14), and PIGD (3.9-3.13).

STATISTICAL ANALYSIS

The total MDS-UPDRS Part Ill scores were calculated
for each patient, and individual scores of the four major
motor symptoms, that is, tremor, rigidity, bradykinesia,
and PIGD, were extracted. Concerning the individual
scores, all data were first subjected to the Shapiro-
Wilk test for normality. Subsequently, normally distrib-
uted data were analysed using a paired t-test, whereas
non-normally distributed data were analysed using the
Wilcoxon signed-rank test. All statistical analyses were

performed using R software (version 4.1.0; R Founda-
tion for Statistical Computing, Vienna, Austria). Statisti-
cal significance was set at p < 0.05.

RESULTS

All 17 patients recruited were eligible and included in the
study (Fig. 1). The patient characteristics are presented
in Table I. The assessment results before and after the
4-week LSVT® BIG are illustrated in Figure 2 and 3. The
total scores of the MDS-UPDRS Part Il significantly
improved when compared pre- and post-LSVT® BIG
(median [interquartile range]: 24 [16-36] to 18 [13-22];
p < 0.01). The bradykinesia and PIGD scores were also
significantly improved (median [interquartile range]: 8
[6-11] to 6 [5-8], p < 0.01; 5 [3-8] to 3 [1-5], p < 0.01).
Although the tremor and rigidity scores showed some
improvement following LSVT® BIG, the results did not
achieve significance (median [interquartile range]: 4 [O-
6] to 3 [0-5], p = 0.31; 4 [2-10] to 4 [2-6], p = 0.05).

DISCUSSION

The effects of LSVT® BIG on tremor, rigidity, bradykin-
esia, and PIGD in PD remain unclear to date. The cur-
rent study results indicate that LSVT® BIG significantly
improves the total, bradykinesia, and PIGD scores.
Meanwhile, although the tremor and rigidity scores
show a trend toward improvement, they did not achieve

17 patients with Parkinson’s disease
(July 2018 to August 2022)

—p Patients excluded (n = 0)

= History of neuro-muscular disease
(except for Parkinson’s disease)

= Missing data

A 4
17 patientsincluded for analysis

Figure 1. Flowchart of patient enrolment.
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Figure 2. Differences in the scores of the total MDS-UPDRS
Part Il at pre- and post- LSVT® BIG.

The central thick lines of the boxplot represent medians; the
box limits comprise the interquartile range from 25 and 75%.
The boxplot whiskers extend to 1.5 times the interquartile range
from the first and third quartiles.

*p < 0.05; LSVT®: Lee Silverman Voice Treatment; MDS-UPDRS
Part Ill: Movement Disorders Society-Unified Parkinson Disease
Rating Scale Part Il

statistical significance. Our study findings on the impact
of LSVT® BIG on the four major motor symptoms can
lead to more effective therapeutic approaches.
Regarding the improvement in the total MDS-UPDRS
Part Il score, the result of this study was similar to that
of the previous studies 1622, Ueno et al. examined the
effect of LSVT® BIG in eight patients with PD classified
as HY stages lI-lll 8. The scores of the UPDRS Part
Il significantly improved (median [interquartile range]:
12.5 [8.8-12.5] to 8.5 [6.5-11.5)) after the LSVT® BIG.
The results of this study support the effectiveness of
LSVT® BIG. Thus, comparing the scores for the four
major motor symptoms was deemed appropriate.

The goal of LSVT® BIG is to restore the ability of indi-
viduals with PD to sense when they are moving abnor-
mally and to self-correct by increasing the amplitude
of their movements with resultant improvements in the
speed of movements to counteract bradykinesia (slow
movement or low-amplitude movement) 21425, Brad-
ykinesia is defined as slowness of movement, smaller
movement than desired, and prolonged time required
to initiate a movement 42¢, Flood et al. reported that the
LSVT® BIG significantly improved the 10-m walk, timed

Figure 3. Differences in the scores of the four major motor
symptoms A) tremor, B) rigidity, C) bradykinesia, and D) PIGD at
pre- and post- LSVT® BIG.

The central thick lines of the boxplot represent medians; the
box limits comprise the interquartile range from 25 and 75%.
The boxplot whiskers extend to 1.5 times the interquartile range
from the first and third quartiles. Circles represent outliers.

*p < 0.05; LSVT®: Lee Silverman Voice Treatment; PIGD: postural
instability/gait disorder.

up-and-go (TUG), sit-to-stand times, and stride length
during walking in patients with PD at HY stages I-lll 7.

PIGD is defined as deficits in balance and gait and pos-
tural reflex impairment 282°, Although PD is historically
considered to be a disorder of nigrostriatal dopaminergic
denervation, improvement in PIGD symptoms is limited
by dopaminergic treatment alone. Fleming Walsh et al.
reported that LSVT® BIG significantly improved the 10-m
walk, TUG, functional gait assessment, and Berg balance
scale in patients with PD classified as HY stages II-IV .

Scores for tremor and rigidity showed a trend toward
improvement but did not achieve statistical significance.
These results suggest that improvement in these symp-
toms might require combination treatment with LSVT®
BIG and other modalities, such as deep brain stimu-
lation (DBS) therapy and dopaminergic treatments. In
previous studies, DBS therapy or dopaminergic treat-
ment reduced tremor and rigidity symptoms in patients
with PD 338, Wong et al. reported that DBS significantly
improved tremors and rigidity in patients with PD %,
Hacker et al. reported that DBS plus dopaminergic
treatment better reduced tremor progression compared
with dopaminergic treatment alone *'. The findings have
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Table I. Patient characteristics (n = 17).

Patient | Age (years) | Sex (M/F) | Type of medical care MMSE Time since LEDD HY
No. score diagnosis (years) (mg/day) (baseline)

1 60 F Outpatient 28 2 300 2
2 63 F Outpatient 30 2 225 2
3 81 F Outpatient 25 2 1049 2
4 76 F Outpatient 24 3 650 2
5 64 M Outpatient 30 4 225 2
6 77 F Outpatient 30 6 340 2
7 57 F Outpatient 27 7 600 2
8 64 M Outpatient 28 7 829 2
9 65 F Outpatient 22 10 1113 2
10 78 F Outpatient 28 11 650 2
11 64 F Outpatient 20 2 2423 3
12 68 F Outpatient 30 2 863 3
13 78 F Outpatient 30 4 2983 3
14 69 F Outpatient 26 5 375 3
15 79 M Inpatients 30 7 600 3
16 67 F Outpatient 23 7 1548 3
17 77 F Outpatient 25 7 550 3

Mean 69.8 26.8 5.2 901.4 2.4

(SD) 7.6 3.2 2.9 768.1 0.5

F: female; HY: Hoehn and Yahr; LEDD: levodopa equivalent daily dosage; M: male; MMSE: Mini-Mental State Examination; SD: standard deviation

important clinical implications for estimating the effect
of the LSVT® BIG on the four major motor symptoms
of PD.

This study has some limitations owing to its design.
As this was a non-controlled study, direct comparison
with other exercise therapies for patients with PD was
not possible. Although significant differences were
observed before and after the LSVT® BIG, it was not
possible to definitively attribute the observed difference
to the unique effects of the LSVT® BIG. Further studies
with control groups are needed to clarify the conditions
under which LSVT® BIG may be more effective and to
select patients who may better benefit from this therapy.

CONCLUSIONS

LSVT® BIG significantly improves total MDS-UPDRS
Part Ill, bradykinesia, and PIGD scores in patients with
PD classified as HY stages lI-lll. Our findings have im-
portant clinical implications for estimating the effect of
the LSVT® BIG on each major motor symptom in PD.
In addition, the findings may also help determine treat-
ment modalities. Specifically, LSVT® BIG can be used
to improve overall PD symptoms and two individual
scores: bradykinesia and PIGD, but it may need to be
combined with other modalities when the target symp-
tom is tremor or rigidity.
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