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Introduction. The purpose of this study was to evaluate change in motor function, gait speed, dynamic balance, balance
confidence, and quality of life (QoL) in nine participants with Parkinson’s disease (PwPD) completing Lee Silverman Voice
Treatment BIG (LSVT-BIG), an external cueing and task-based intervention. Although supported as an efficacious treatment in
PwPD, there is limited research examining clinically meaningful change in outcome measures related to external cueing and
task-based interventions. Materials and Methods. This was a case series of nine PwPD (age range 64-76 years, 55% male) who
completed the LSVT-BIG protocol. Disease duration ranged from 1 to 17 years and was classified as moderate in all
participants (Hoehn and Yahr = 2 or 3). Outcome measures included motor function (MDS-UPDRS Part III Motor), gait speed,
dynamic balance (MiniBEST), Activities-specific Balance Confidence (ABC), and Summary Index for PD Quality of Life 39
(PDQ-SI). Assessments were completed at baseline (BASE), end of treatment (EOT), and 4 weeks after EOT (EOT+4). Results.
Minimal detectable change (MDC) or minimal clinical important difference (MCID) was observed in one or more outcome
measures in 8 of 9 participants at EOT and EOT+4 across domains of motor function (67%, 78%), gait speed (78%, 67%),
balance confidence (44%, 33%), quality of life (44%, 78%), and dynamic balance (22%, 22%). Discussion. In this case series, 8
of 9 participants showed MDC or MCID changes across multiple functional domains. Improvements were observed
immediately post (EOT) and 4-week post-treatment (EOT+4) suggesting a temporal component of the LSVT-BIG impact on
functional change. Future research should include clinical trials to examine additional external cueing and task-based
intervention efficacy with consideration of intensity, frequency, and mode of delivery across disease severity.

1. Introduction

Parkinson’s disease (PD) is a progressive neurodegenerative
disorder affecting the basal ganglia, specifically the dopami-
nergic neurons of the substantia nigra pars compacta [1, 2].
The basal ganglia play a key role in action selection, and
regulation of movement, when impaired, can result in the
clinical manifestations of altered movement, specifically
tremor, rigidity, postural instability, and bradykinesia [3].
Despite being considered primarily a movement disorder,
PD has also been described as a dysfunctional multineuro-

transmitter pathway disorder [4]. Several nondopaminergic
neurotransmitter and neuromodulatory systems in various
regions of the central and peripheral nervous system have
been implicated in the nonmotor symptoms of Parkinson’s
disease including but not limited to adenosinergic, norad-
renergic, serotonergic, and cholinergic pathways [5]. These
additional pathways are thought to contribute to the heteroge-
neity of symptoms associated with PD symptoms including
cognitive impairment, depression and apathy, sensory symp-
toms such as pain or anosmia, dysautonomia (orthostatic
hypotension), and sleep disorders [6]. Ultimately, people with
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PD (PwPD) experience motor and nonmotor symptoms
which may directly impact changes in quality of life and
mobility [7, 8].

Research supports exercise interventions for PwPD, to
improve activities of daily living and quality of life [9–12].
Multimodal exercise interventions provided by physical
therapists (PT) can improve balance, gait, function, and
health-related quality of life (HRQoL) [13–15]. Exercise
interventions have been shown to facilitate a number of pos-
itive outcomes including functional changes and associated
neuroplasticity biomarkers in healthy older adults [16] and
in PwPD [17, 18]. Exercise increases neuroprotection in
animal models through biological mechanisms such as pre-
venting the loss of dopamine cells and increasing neuro-
trophic factors [19–21]. It is considered neurorestorative
because it has been shown to downregulate dopamine trans-
porter thus increasing dopamine in the extracellular space
[22], particularly important for PwPD who exhibit decreased
dopamine levels [18, 22]. Increased cerebral blood flow,
which increases angiogenesis and altered blood brain barrier
permeability, is one example of how exercise may provide a
component of neuroprotection and promote general brain
health [18, 20, 23].

It is important that future development of exercise pro-
gramming for PwPD is evidence-based and contributes to
improved function and quality of life. The American Physi-
cal Therapy Association (APTA) Parkinson’s Disease EDGE
(Evidence Database to Guide Effectiveness) task force pub-
lished outcome measure recommendations for use in PwPD
in clinical and research settings [24]. The APTA task force
integrated the International Classification of Functioning,
Disability, and Health (ICF) classification levels as outlined
by the World Health Organization [25] identified when for-
mulating these recommendations. The ICF model is interac-
tive and identifies three levels of human functioning: (1) the
level of body or body part, (2) the whole person, and (3) the
whole person in their complete environment. In turn, these
levels define three functional dimensions that can be
addressed with specific measures: (1) body functions and
structures, (2) activities, and (3) participation.

The APTA just recently released clinical practice guide-
lines for management of PD with recommended modes of
exercise including external cueing and task-specific training
[26]. The Lee Silverman Voice Treatment BIG (LSVT-BIG)
is considered a multimodal intervention because it integrates
external cueing and task-based strategies. LSVT-BIG is an
exercise training protocol for PwPD [27] that is whole-body,
high amplitude, and intensive. Principles of motor learning
that drive activity-dependent changes in functional neuro-
plasticity as outlined by Kleim and Jones have been inte-
grated into the protocol [28]. Although LSVT-BIG is
supported as an efficacious treatment in PwPD [26, 27,
29], there has been limited research examining clinically
meaningful change in outcome measures across multiple
functional domains in PwPD. The purpose of this study
was to evaluate individual change across domains of motor
function, gait speed, dynamic balance, balance confidence,
and quality of life (QoL) in nine participants completing
LSVT-BIG at baseline, end of intervention, and 4 weeks after

intervention completion. This study is unique due to the
integration of PD EDGE recommended measures across
multiple domains and the addition of a longitudinal data
collection time point which provides potential insight into
the timing of exercise-induced functional changes.

2. Materials and Methods

A case series that focused on measuring clinically meaning-
ful changes following participation in an attentional strategy
training protocol (LSVT-BIG) was conducted with 9 partic-
ipants (5 male, 4 female). Participant ages ranged from 64 to
76 years, and disease duration ranged from 1 to 17 years.
Distribution of disease severity based on Hoehn and Yahr
(H&Y) was stage 2 (7 individuals) and stage 3 (2 individuals)
(see Table 1).

Participants were recruited from ongoing programs at
the University of Rhode Island (URI) and local community.
Participants were included in the study if they had a diagno-
sis of idiopathic PD and no contraindications to exercise.
They were excluded from participation if they had uncon-
trolled cardiovascular disease or history of stroke, other neu-
rologic diagnosis, and/or surgical procedure for treatment of
PD including deep brain stimulator. All participants com-
pleted informed consent for treatment as approved by the
university’s Institutional Review Board (1369197-3).

The initial interview was conducted by the principal inves-
tigator (PI) and included a comprehensive medical history and
demographic data including sex, age, race, education level, cur-
rent medications, disease severity as measured by H&Y [30],
and disease length based on date of medical diagnosis. Addi-
tional measures at baseline were collected. These included
medical comorbidity in relation to disability as measured by
the Cumulative Illness Rating Scale for Geriatrics (CIRS-G)
[31], Physical Activity and Disability Survey-Revised (PADS-
R) [32] to assess current activity level, and the Montreal Cog-
nitive Assessment (MoCA), using a recommended cut-off
score (<26) to detect mild cognitive impairment (MCI) [33]
(see Table 1).

2.1. Clinical Outcome Measures. The outcome measures for
this study were selected from the ICF structure and APTA
PD EDGE recommendations. The primary outcome mea-
sures were conducted by PI and included (1) motor function
using the Movement Disorder Society Unified PD Rating Scale
(Part III Motor of the MDS-UPDRS) [34], (2) comfortable gait
speed determined using the 10-meter walk (10MWT) [35], (3)
dynamic balance using the Mini-Balance Evaluation System
Test (MiniBEST) [36, 37], (4) balance confidence using
Activities-specific Balance Confidence (ABC) scale [38], and
(5) health-related quality of life (HRQoL), measured using the
Parkinson’s Disease Questionnaire-39 (PDQ-39) [39–41].
These PDQ-39 scores are reported as a health profile summary
index score (PDQ-39SI) that reflects an overall impact of PD
on quality of life [42, 43]. Minimal clinical important difference
(MCID), which reflects patient perceptions of improvement,
and minimal detectable change (MDC), the detected change
that corresponds to a noticeable change in ability, were evalu-
ated for each measure [44, 45] (see Table 2).
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2.2. Participation and Adherence Measures. A detailed log of
the LSVT-BIG protocol was documented by the clinician
during the four weeks of treatment. Additionally, an exercise
log was maintained by participants during the last four
weeks following treatment when they were independently
performing their daily home exercises.

2.3. Timeline. Participants received baseline assessments
(BASE), completed the training protocol (four one-hour
sessions per week for four weeks of LSVT-BIG), and were
instructed to continue their BIG exercises daily for four
additional weeks (Figure 1). Assessments were performed
during the week following the end of treatment (EOT) and 4
weeks after the end of treatment (EOT+4). All assessments were
completed with the participants in an “ON” medication state.

2.4. Analysis. High variability of disease symptomology and
progression created a concern that clinically relevant effects
could be missed during data aggregation if assessing group
data; thus, a case series approach was taken. Evidence of
individual functional change (improvement or decline) was
identified as outcome measures meeting MCID or MCD.
Outcome variables including MCID/MCD are provided in
Table 2.

The investigators were blind to participant ID and time
of collection for data analyses to reduce bias.

2.5. Intervention. The external cueing and task-based inter-
vention (LSVT-BIG) was administered for 16 total sessions
(individual one-hour sessions, 4× per week × 4 weeks) in
the University of Rhode Island’s Physical Therapy Clinic.
Each session includes exercises, functional and hierarchical
task, and carry-over tasks/homework in accordance with
the protocol described in Farley and Koshland [27] and
Fox et al. [46] The intervention was delivered by certified
LSVT-BIG instructors which included two graduate students

in the physical therapy clinical doctorate program and the
lead PI. The students completed an average of 32 clinical
hours administering the intervention prior to participating
in treatment for research, and all study personnel were
directly supervised by the lead PI.

3. Results

3.1. Intervention and Compliance. All nine participants com-
pleted the research protocol that included evaluations at
BASE, the treatment protocol (16 visits), EOT assessments,
and EOT+4 assessments. The attrition rate was a 0%
although one participant reported a back injury unrelated
to the research activity and subsequent pneumonia after
completing a baseline assessment one week of treatment.
Their participation was placed on hold for two months,
and then, a full restart/reassessment was completed. There
were no adverse events.

After completion of the 4-week intervention, partici-
pants were instructed to continue their exercises once a
day as per the LSVT-BIG protocol. All participants kept
written daily exercise logs to document compliance during
EOT to EOT+4. All participants returned logs at EOT+4
except one. Participants had an 80.3% adherence for these
independent exercise sessions, averaging 22.5 sessions out
of 28 sessions during this period.

3.2. Clinical Measures. Four participants (P2, P4, P5, and P8)
demonstrated MCID/MDC in 4 of 5 domains at EOT and
EOT+4, and 5 participants demonstrated less robust or less
consistent clinical change (see Figure 2).

Clinical improvements, as measured by MCID or MDC,
were identified in one or more measures in 8 of the 9 of par-
ticipants at EOT and EOT+4 across domains of motor func-
tion (67%, 78%), gait speed (78%, 67%), balance confidence
(44%, 33%), and quality of life (44%, 78%). Only one of the

Table 1: Demographic and clinical characteristics.

Participant Age Sex Education
Disease
duration

H&Y
UPDRS III
baseline

Subtype
Medication LEDD

(in mg)
CIRS-G MOCA PADS-R

1 65.2 M 1 5 2 15 TD 300 0.80 28 77.40

2 64.8 M 2 3 2 28 PIGD 600 0.60 27 3.80

3 73.2 F 3 16 3 15 PIGD 1050 1.33 26 253.70

4 65.2 F 3 1 2 25 TD 120 2.00 27 123.70

5 74.3 F 3 2 2 26 TD 450 1.86 23 137.00

6 76.3 M 4 7 2 28 Indeterminate 800 1.67 20 34.40

7 65.8 M 4 18 2 50 PIGD 1100 1.86 20 20.60

8 75.8 F 4 4 3 29 PIGD 263 3.80 30 3.80

9 68.8 M 1 9 2 26 PIGD 700 3.50 28 12.60

Average 69.9 5M/4F 7.22 2 26.89 TD 598.11 1.94 25.44 74.11

Range 0-136 0-56 0-30

Abbreviations: CIRS-G = Cumulative Illness Rating Scale-Geriatric; Education 1 = high school; 2 = some college/technical school; 3 = college; 4 = graduate
degree; H&Y = Hoehn and Yahr; LEDD = levodopa equivalent daily; MOCA = Montreal Cognitive Assessment; PADS-R = Physical Activity and Disability
Survey-Revised; PIGD = postural instability gait dominant; TD = tremor dominant; UPDRS III = Unified Parkinson’s Disease Rating Scale Motor. Note:
tremor dominant and postural instability gait disorder subtypes as determined by UPDRS scores; CIRS-G: higher scores indicate higher levels of
comorbidity; MOCA: <26 indicates impaired cognition; PADS-R: lower scores are associated with sedentary levels of activity.
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nine participants met MDC and another MCID for the
MiniBEST. Only one of the participants (P6), while making
improvements across several variables, did not reach MDC
for improvement and, in fact, declined in the UPDRS-III
and PDQ-SI. MCID/MDC was reached in most participants
on the MDS-UPDRS Part III, gait speed, and quality of life
measures at the EOT time point, but MCID/MCD was not
detected until the EOT+4 time point in three participants
on the PDQ-SI and one participant on gait speed. MCID/
MCD identified in less than half of participants on measures
of balance (ABC and MiniBEST) (see Table 3).

4. Discussion

This case series investigated the impact of a multimodal
intervention including external cueing and task-based strat-
egies (LSVT-BIG) on motor function, gait speed, dynamic
balance, balance confidence, and quality of life in 9 PwPD.
Most participants showed clinically significant changes
across all domains (MDS-UPDRS Part III, gait speed, ABC,
and PDQ-39SI), except dynamic balance (MiniBEST) fol-
lowing completion of intervention (EOT) or 4 weeks follow-
ing continued independent exercise (EOT+4).

4.1. Outcome Measures. A variety of outcome measures as
recommended by PD-EDGE across ICF domains, including
motor and nonmotor variables, were used to assess a broad
spectrum of symptoms that impact those living with PD.
The breadth of this analysis distinguishes this case series
from previous exercise studies with a limited number of out-
come measures focusing almost exclusively on the mobility
domain (10 MWT, gait speed).

The primary international rating scale for PD clinical
care and research to determine motor disease severity is
the MDS-UPDRS [44]. It aligns with the body function
and structure on the ICF as it assesses tremor, bradykinesia,
and rigidity. In the current study, MCID improvements were
identified in MDS-UPDRS III Motor scores in six participants
at EOT and seven participants at EOT+4 (see Figure 2) and
were consistent with findings from other 8 high-quality and
6 moderate-quality external cueing interventions outlined in
the APTA PD CPG [26]. These findings were also consistent
with 3 studies focused specifically on LSVT-BIG [29, 47, 48].
One benefit of this measure is it allows comparisons across

studies; however, the main drawback is that the MDS-
UPDRS requires a trained physician or allied health care pro-
fessional for administration. Utilizing additional APTA PD
EDGE which recommended clinical outcome measures in
research across multiple domains such as gait, balance, and
quality of life (ICF body function and structures, activities,
participation, and personal factors) may provide an improved
understanding of the response to treatment and provide prac-
tical recommendations to implement in the clinic.

Gait performance under the ICF classification “activities”
is represented by variables such as gait speed, step length,
and turning speed. Each has been identified as a predictor
of morbidity and mortality in PwPD [7, 49], activities of daily
living limitations in PwPD [50], and impending disability in
older adults [8]. Eight participants had improvements in gait
speed at one or more assessment time point, and four of
those met MCID and two met MDC at EOT+4 (see
Figure 2 and Table 3). These same six participants also met
MCID in the UPDRS III Motor score which suggests that
external cueing and task-based strategies may potentially
decrease the impact of disability in PwPD through reduction
in falls and impact on gait speed which is consistent with
other similar studies [26, 29, 51].

Gait analysis includes measures that can capture impair-
ments and improvements in PwPD in response to treatment,
but gait changes along do not capture the full response to
treatment. Postural instability, balance confidence, and fall
experience are significant issues for PwPD, yet these measures
have been integrated into a limited number of published exter-
nal cueing and task-based treatment studies [26]. To address
this, the current case series included the MiniBEST which is
a measure of dynamic balance [37]. While four participants
improved in MiniBEST at EOT and six at EOT+4, only one
participant reachMDC (P5) and one reachedMCID (P8) both
at EOT and EOT+4 (see Figure 2 and Table 3).

The positive impact of external cueing and task-based
strategies on dynamic balance assessed by the MiniBEST
has been supported by two studies [51, 52], both with very
small samples sizes (n = 2 and n = 1, respectively). Previous
work identified two subcomponents of the MiniBEST, (1)
“anticipatory control” and (2) “sensory orientation,” as not
sensitive to improvements.

One consideration for the limited improvement in
dynamic balance as measured by MiniBEST may be that

Note: BASE = baseline; EOT = end of treatment; EOT+4 = 4 weeks afer end of treatment

Week 1 2 3 4 5 6 7 8 9 10 11

LSVT BIG Treatment
1:1 hourly session

4 days a week
Performs exercises 2× daily

LSVT BIG Maintain
Perform exercises 1× daily

Independent Program

BASE
Assess

EOT
Assess

EOT+4
Assess

Figure 1: Treatment protocol timeline.
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the treatment intervention was not task-specific enough
regarding balance training. Finally, the ceiling effect of this
measure needs to be a consideration in higher functioning
PwPD (i.e., P1 and P3), and alternative methods of measur-
ing balance need to be considered when working with this
population.

The ABC, a measure of confidence with activities, has
been positively correlated with pace-related measures, turn-
ing, and dynamic stability during gait in PwPD [52], which
are predictors of quality of life and mortality [7]. The find-
ings from the current study found that five participants
improved (four met MDC) in the ABC at EOT and eight
improved (three maintained MDC) by EOT+4 indicating

that the ABC may be a sensitive measure in PwPD following
external cueing and task-based interventions (see Figure 2
and Table 3). This is consistent with a previously published
LSVT-BIG case study utilizing the ABC to measure balance
confidence [53]. Confidence with balance, or lack of confi-
dence, may point toward ICF personal factors that may indi-
rectly drive individuals to move less, demonstrating the
importance of measuring and improving this construct in
PwPD. Disease severity can impact how closely balance con-
fidence is correlated to actual static and dynamic balance
control; thus, results should be interpreted cautiously [54].

Health-related quality of life (HRQoL) is an important
consideration for PwPD and represents the ICF participation
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component. Decreased mobility and function and increased
disease severity are associated with impaired HRQoL in PwPD
[55]. Four participants met MDC in reported PDQ-39SI
scores at EOT, and seven met MDC by EOT+4 (see Figure 2
and Table 3). Interestingly, all seven participants met MCID
for UPDRS III, and six met MCID/MDC for gait speed. This
may indicate how difficult it is to separate how quantitative
changes in function may relate to or influence self-reported
improvements or decline HRQoL.

Results of this case series identified improvements in
ABC and PDQ-SI at the individual level. This may suggest
that exercise, especially an intervention utilizing external
cueing and task-based interventions that is intensive, may
exert slight but important improvements in quality of life
and confidence and warrants inclusion of these measures
in future research.

4.2. Participant Trends. Parkinson’s disease is well known
for its heterogeneity in symptom onset, disease progression,
subtypes, and response to treatment interventions making
comparisons within and across research studies extremely
challenging. The case series approach in this study allows
for assessment of broader trends while also considering indi-
vidual differences, specifically, length of disease, subtype,
and cognitive impairment.

The impact of the external cueing and task-based inter-
vention on function in PwPD appears to trend when time
living with PD is taken into consideration, specifically early
disease stage (< or = to 5 years since diagnosis) versus mid
to late stage (>5 years since diagnosis). Interestingly, partic-
ipants in the early disease stage (n = 5) reached MCD/MCID
more consistently (EOT and EOT+4) across more domains.
In other words, all 5 participants reached MCD/MCID in 3
(P1), 4 (P2, P4, and P5), or 5 (P8) functional domains. This
contrasts with the participants in the mid to late disease
stage (n = 4) who only reached MCD/MCID in 1 (P6), 2
(P3), 3 (P9), or 4 (P7) functional domains, and these changes
had limited consistency (change at EOT and EOT+4). This
finding supports the growing evidence that even early in
the disease process, there are reductions in amount and
intensity of walking [56] and early and regular exercise in
PwPD is critical to reducing disability [10, 57]. Mid to late
disease stage does not disqualify a PwPD from benefiting
from intervention. Despite less consistent change, partici-
pants in the mid to late disease stage in this case series still
made progress in areas of disease severity, gait speed, and
quality of life. This is consistent with studies that have
included participants in this disease stage [57]. Moving away
from episodic care (treating problems as they arise) and
toward a secondary model of prevention (dental model—-
managing PwPD over the continuum before problems arise)
would benefit PwPD earlier in the disease process and per-
haps delay the onset of disability compared to current prac-
tice [58].

It has been proposed that the postural instability gait dis-
turbance (PIGD) subtype has been associated with more
functional disability than tremor dominant (TD) [59]
including increased fall risk [60]. The ability to differentiate
a patient subtype early in treatment may drive more individ-

ualized interventions, improve understanding of patient
responsiveness to treatment, and predict disease trajectory
[61]. Participants in this case series were categorized as
TD, PIGD, or indeterminant subtype based on their
UPDRS-III subscores [62]. Of the five participants that were
early disease stage, three were TD (P1, P4, and P5) and two
(P2, P8) were PIGD but functional outcomes did not appear
to be impacted by subtype. Three of the participants (P3, P7,
and P9) in the mid to late disease stage were identified as
PIGD while the fourth (P6) was considered indeterminant
which may have been an additional factor that contributed
to the limited changes these individuals realized following
the external cueing and task-based intervention. Different
clinical measures may be more sensitive or responsive in
each subtype. A recent study assessed clinical balance mea-
sures as a possible means of directly determining PD sub-
types when MDS-UPDRS scores are unavailable and found
that the 360-degree turn test was able to distinguish PIGD
from TD subtype with high sensitivity using number of steps
(>/=7) and time (3.67 seconds) [61]. While this is promising,
the 360-degree turn test had low specificity; thus, an
additional test addressing reactive postural control is recom-
mended [61]. There is limited research regarding the inte-
gration of subtypes into research, and additional subtypes
including young onset and rapid progression have been pro-
posed [63]. This case series integrated subtype with mixed
results regarding responsiveness to treatment and supports
the need to include it in future studies.

Nonmotor symptoms, such as cognitive changes, can
also have a significant impact on function and QoL in
PwPD. Cognitive impairment in PwPD may represent loss
of connectivity within and between brain regions impacted
by Lewy body inclusions but can also involve other neuro-
transmitters such as norepinephrine, serotonin, and acetyl-
choline [64]. Cognitive impairment can directly impact
gait, balance, and quality of life and contribute to increased
risk of falls [65], and there was a considerable increased inci-
dence in MCI in individuals identified as PIGD subtype
(61.8%) compared with TD subtype (26.8%) [66]. Cross-
sectional incidence of MCI in PD has been reported to be
24-31% compared to the global prevalence of 5-7% in the
general population of those 60 years and older [64]. The
most frequent impaired domain was attention (29.3%)
followed by executive function (27.8%) but may also involve
visuospatial skills, short- and long-term memory, and lan-
guage skills such as verbal fluency [64, 66].

The MoCA was administered to screen baseline cogni-
tive skills. All but three of the participants scored at or above
the cut-off score of 26. Participant P5 scored a 23 yet had
robust functional changes in response to the intervention.
Of note is P6 and P7 who each scored a 20, an indication
of mild cognitive impairment (MCI). These two participants
were able to follow instructions regarding measurements
and testing, and each had a supportive care partner that
assisted with the follow-through of the home component
of the protocol providing additional cueing as needed. Par-
ticipant P6 had very limited functional changes across the
five domains, meeting only MCID for gait speed at EOT
and declining in several measures at EOT and EOT+4. This
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participant (P6) was also mid disease stage and indetermi-
nate subtype possibly combining into a unique set of charac-
teristics that impacted his ability to maximize benefit from
the intervention. Participant P7 made gains in four of the
domains but only at EOT and then made a clear decline to
a level worse than his baseline scores in three of the
improved area. They also declined in their perceived balance
confidence but did meet MDC at EOT+4. It is worth noting
that P7 did experience considerable, albeit intermittent,
freezing of gait, and this combined with late disease stage
(18 years), PIGD subtype, and cognitive impairment may
have made it difficult for them to maintain any gains
achieved over the longer period of time when supervision
and clinician feedback was removed, and participants were
in the independent home component of the protocol.

4.3. Timing in Response to Intervention. One important
trend identified in the results was the delayed onset of
functional changes in response to the external cueing and
task-based intervention. The current case series reported
individual improvements across most domains from base-
line to EOT, but some improvements did not meet MCID/
MDC until EOT+4. This may reflect varying time course
patterns needed for potential underlying neuroplasticity
mechanisms to be impacted before more global functional
changes become apparent [67]. Several LSVT-BIG studies
that included assessments beyond EOT (specifically EOT
+12 weeks) support this concept of continued improvement
over time before significant improvements emerge [29, 68].

HRQoL measures have been shown to be resistant to
change over a short period of time [9, 57, 69, 70]. The find-
ings from this case series are consistent with only a few indi-
vidual scores (4, 44%) meeting MDC in the current study at
EOT. However, seven participants (78%) went on to report
improvements on the PDQ39-SI at EOT+4. Studies that
have reported improvements examined interventions that
were longer than current intervention (9 and 12 weeks)
[71, 72] further supporting the notion that functional
changes and the related impact on HRQoL may only be real-
ized over an extended period and support the need for regu-
lar follow-up assessments and treatment.

The timing of assessments is important because it high-
lights the need for consistent research designs in treatment
studies to include immediate end of treatment as well as
follow-up assessments to (1) understand the time-dependent
response to treatment and schedule assessments, accordingly;
(2) identify retention of the treatment benefits and time subse-
quent interventions or assessments to maximize outcome; and
(3) compare outcomes across studies for improved transla-
tional in the clinic.

4.4. Potential Mechanisms. Individual changes in response to
external cueing and task-based interventions may include
neuroplasticity, motor learning mechanisms, and muscle
adaptation. Exercise may serve as a catalyst for neuroplasti-
city guided by several elements. Frequency, duration, inten-
sity, salience, and setting are all important principles of
exercise programs that affect motor learning and driving
activity-dependent changes in neural plasticity [28]. External

cueing and task-based interventions like LSVT-BIG incorpo-
rate each of these principles in treatment to recalibrate
amplitude of movement and maintain improvements in
mobility following treatment. This intervention is intensive
with high frequency and duration (one hour a day, 4 days
a week, × 4 weeks). The protocol is also salient as it inte-
grates highly individualized task-based activities that the
patient has identified into the functional and hierarchy tasks
assigned during treatment (i.e., getting in/out of bed and brush-
ing the teeth). Finally, it provides treatment in a one-to-one
delivery model which has been shown to impact outcomes
compared to group or independent home programs [69].

Potential mechanisms that underlie these principles of
motor learning that may have influenced the changes seen
in these PwPD following participation in external cueing
and task-based strategies may include the role of automatic-
ity and sensory integration integrated into the intervention.
Automaticity, the ability to perform movements without
attention directed toward the details of movement, is an
important role of the striatum [73]. Bradykinesia, a cardinal
motor symptom in PD, reflects a deterioration of motor
automaticity. One approach in addressing the deterioration
is to integrate increased attention to the activity and cogni-
tive compensatory strategies to maintain or restore move-
ment. External cues and task-based interventions utilize
these techniques to drive larger amplitude movements and
take advantage of external cues such as auditory (“Move
BIG”), visual (the clinician models the movement or pro-
vides targets), and tactile (providing passive/active/assistive
overpressure to exaggerate or guide movement).

The basal ganglia have been identified as an important
area for sensory integration guiding motor planning and
execution, and loss of dopamine (i.e., PD) negatively impacts
this integration [74]. External cueing interventions utilize
techniques that target increased proprioceptive and vestibu-
lar input; take advantage of visual, auditory, and tactile
cuing; and facilitate improved sensory integration at differ-
ent intensities throughout the protocol. These types of
interventions utilize attention and sensory integration as
strategies of motor learning to compensate for deteriorating
automaticity early in the protocol to “recalibrate” the smaller
and slower movements into larger amplitude and more neu-
rotypical movements by the end of the protocol [73].

Muscle adaptation in response to exercise training can
result in improved strength and associated improvements
in functional mobility, coordination, and balance. Many
PwPD are sedentary and physically inactive, as they tend
to fall below age-matched controls for physical activity
levels even at time of diagnosis [75]. It is possible that some
of the functional changes seen in these participants could
be related to the role physical conditioning played in the
initial 4 weeks. Two of the four participants (P2, P8) that
demonstrated robust functional changes across 4 of 5
domains at EOT and EOT+4 had very low self-reported
physical activity on PADS-R which may have contributed
to their gains. Yet, two participants (P4, P5) with high
self-reported physical activity also had higher, more moder-
ate levels of physical activity and demonstrated robust func-
tional improvements.
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It is likely that all these mechanisms contribute to mea-
surable functional changes in the participants in this study
in response to an external cueing and task-based interven-
tion. Understanding the role that neuroplasticity, motor
learning, and neuromuscular adaptation play in the produc-
tion of movement is critical to guiding interventions and
solutions for people living with movement disorders. Inte-
gration of biomarkers should be considered in future
research to gather evidence that may link functional changes
to underlying neuroplasticity changes. Further research is
needed to identify which components of the treatment (i.e.,
intensity, frequency, tactile cueing, and modelling) and
therefore which motor learning principles are most critical
for change.

4.5. Limitations. This study is not without limitations. First,
there was no control or waitlist control group to compare the
intervention group. We cannot rule out self-selection bias as
participants were not randomly assigned to groups and were
aware of the potential benefits of receiving a well marketed
external cueing and task-based intervention (LSVT-BIG).
There was a small number of participants which is why a case
series approach was adopted. Three of the participants scored
in the range of MCI on the MoCA (<26), and it is possible that
their cognitive status impacted their responsiveness to treat-
ment. Larger studies would need to set inclusion criteria for
MoCA scores 26 and above to control for possible cognitive
impairment impact on study results.

5. Conclusions

The purpose of this study was to evaluate individual changes
across domains of motor function, gait speed, dynamic bal-
ance, balance confidence, and HRQoL following participa-
tion in an external cueing and task-based intervention
(LSVT-BIG).

Minimal detectable change (MDC) or minimal clinical
important difference (MCID) was observed in one or more
measures in 8 of the 9 participants at EOT and EOT+4
and more robustly in four of the five domains in 44% of
participants (P2, P4, P5, and P8). Dynamic balance appeared
to be the least impacted domain across all but one partici-
pant (P5).

The observed individual responses to the external cueing
and task-based intervention in this case series add to our
understanding of detectable and meaningful changes that
can be achieved on measures of motor and nonmotor func-
tion. Inclusion of a range of outcome measures as utilized in
this case series may help researchers and clinicians assess
clinically meaningful change across functional domains in
PwPD. Length of disease, subtypes, and cognitive status
may directly impact responsiveness to interventions in
PwPD and should be considered when designing studies or
clinical interventions or assessing responsiveness to treat-
ment. Consideration should be given to the timing of inter-
vention periods and extended assessment period to better
detect meaningful change in PwPD following interventions.
Exercise, especially those interventions integrating tech-
niques based on principles of motor learning and recom-

mended by the APTA PD Clinical Practice Guidelines,
such as external cueing and task-based interventions, should
therefore be seen as a critical component in the treatment of
individuals with PD.
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