wdJ M

World Journal of
Methodology

Submit a Manuscript: http:/ /www.wjgnet.com/esps/
Help Desk: http:/ /www.wjgnet.com/esps/helpdesk.aspx
DOI: 10.5662/ wjm.v4.i3.133

World | Methodol 2014 September 26; 4(3): 133-143
ISSN 2222-0682 (online)
© 2014 Baishideng Publishing Group Inc. All rights reserved.

EDITORIAL

Effects of physical activity in Parkinson's disease: A new

tool for rehabilitation

Paolo Borrione, Eliana Tranchita, Pierpaolo Sansone, Attilio Parisi

Paolo Borrione, Eliana Tranchita, Pierpaolo Sansone, Attilio
Parisi, Department of Movement, Human and Health Sciences,
University of Rome “Foro Italico”, 00194 Rome, Italy

Author contributions: Sansone P and Tranchita E contributed
equally in writing the article and in reviewing the literature; Bor-
rione P and Parisi A contributed in the conception, design, writing
and final approval of the article.

Correspondence to: Paolo Borrione, MD, Department of
Movement, Human and Health Sciences, University of Rome
“Foro Italico”, Piazza Lauro de Bosis 15, 00194 Rome,

Italy. paolo.borrione@uniroma4.it

Telephone: +39-06-36733569 Fax: +39-06-36733344
Received: March 20, 2014 Revised: May 28, 2014
Accepted: July 25,2014

Published online: September 26, 2014

Abstract

Parkinson’s disease (PD) is a common neurodegenera-
tive disease characterized by bradykinesia, tremor, ri-
gidity, and postural instability. Motor disorders are com-
posite and combined, adversely affecting the patient’s
health. Tremor and rigidity are correlated with worsen-
ing manual dexterity as well as postural changes such
as akinesia and camptocormia. Moreover, gait alteration
as well as postural instability, with consequent impair-
ment in balance, increase the risk of falls. It is well
known that these symptoms respond poorly to pharma-
cologic therapy in PD patients. Physical therapy is the
most effective non-pharmacological aid to PD patients.
Available data in the literature indicate that any reha-
bilitation protocol has to focus on: cognitive movement
strategies, cueing strategies, and improved physical
capacity and balance. Different training programs for
PD patients have been designed and evaluated but only
specific training strategies, tailored and individualized
for each patient, may produce improvements in gait
speed and stride length, decrease motor and balance
symptoms and improve quality of life. Furthermore,
aerobic training may improve muscle trophism, strength
and mobility. It seems reasonable to state that tailored
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physical activity is a valid tool to be included in the
therapeutic program of PD patients, considering that
this approach may ameliorate the symptoms as well as
the overall physical incapacity, reduce the risk of falls
and injuries, and ultimately improve quality of life.

© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: A review of the literature underlines the im-
portance of tailored physical activity in patients with
Parkinson disease. Several studies demonstrated the
key role that specific training strategies may have on
motor disorders and postural instability affecting pa-
tients with Parkinson disease. Since it has been clearly
demonstrated that these symptoms respond poorly to
pharmacologic therapy, it seems necessary to combine
the traditional treatment of Parkinson disease with a
specific exercise training strategy in order to reduce
motor disorders as well as postural instability, with the
aim of improving quality of life of the patients affected
by this neurologic disease.
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PARKINSON’S DISEASE

Parkinson’s disease (PD) is the second most common
neurodegenerative disorder, after Alzheimer’s disease. PD
affects 1% of the population over 60 years of age, and
the risk increases proportionally with age.

The primary symptoms of PD are bradykinesia, trem-
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of, rigidity, and postural instability. Bradykinesia refers
to the slowness of the patient’s movements' and affects
every single patientm
ing gait, but it affects every voluntary movement. Patients

; it is evident especially when evaluat-

also manifest a global reduction in spontaneous move-
ments (eg., gestures, winking) and deliberate movements
(eg., arm swing), defined as akinesia'l. PD’s tremor affects
75% of the diagnosed subjects”. This “resting tremor”
differs from essential tremor since it manifests when the
body part affected is not involved in voluntary move-
ments. Rigidity affects 90%-99% of PD patients' and
it is caused by muscular hypertonia; the typical posture
of PD patients, camptocormia, is in fact due to exces-
sive activation of flexor muscles in the trunk and limbs'.
Postural instability is “the impairment in balance that
compromises the ability to maintain or change posture
Pl This condition does not
usually affect the early stages of the illness, and is one of
the most difficult symptoms to be treated".

For many reasons, it is essential to describe the im-

such as standing and walking

paired Parkinsonian gait. In chronological order, patients
experience difficulties when starting to walk, a condition
called “start hesitation””"; walking speed and stride length
are abnormally reduced; lower limb joints excursion is re-
duced due to rigidity; timing of steps is extremely irregu-
lar and asymmetric; and arm swing is decreased or absent.
Moreover, 2 typical features are also present: festinating
gait or festination is characterized by the patient’s sudden
acceleration as an attempt to keep their center of gravity
between their feet in order to compensate for their flexed
posturem. Freezing of gait (FoG) is defined as a sud-
den stop in the patient’s gait, often with legs trembling
in place and the sensation of being “glued” to the floor.
This symptom manifests more frequently while turning,
when the path changes or gets more narrow, in a diagonal
direction, when dealing with obstacles and other stressful
situations or just before reaching the destination™"",

Subjects affected by PD also experience several
non-motor symptoms, such as autonomic dysfunctions
(dysphagia, constipation, urinary incontinence, sexual
dysfunction, orthostatic hypotension) cognitive impair-
ment, dementia, depression (which affects 30%-40% of
patients)'”, anxiety, sleep disorders and decreased olfac-
tory sense.

PD motor disorders are very complex and interconnect-
ed, and their adverse consequences for both patient’s health
and quality of life are very well known. Tremor and
rigidity significantly reduce the quality of life since they
worsen manual dexterity, thus affecting simple everyday
activities such as cutting food pill-taking and posturem].
Moreover, gait impairments (especially FoG and stride
variability) as well as postural instability (and the conse-
quent reduced balance) represents harmful conditions of
PD since they increase the risk of falls"*1, According
to statistics, almost 70% of patients experience falls at
least once per yearm and 25% of subjects in the first 10
years of disease suffer a hip fracture!"!
lated with high morbidity and mortality in PD patients
Furthermore, falls can trigger a vicious circle that ag-

, an injury corre-
[17]
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gravates even more the patient’s condition: fear of other
falls and injuries reduce the subjects’ mobilization, which
in turn causes sarcopenia, decreased fitness, osteoporo-
sis, loss of independence, social isolation, and reduced

UL T extreme

participation in simple daily activities
cases of these impairments there is a condition which
is sometimes referred as “malignant parkinsonism”, in
which rapid disease progtression, premature home nurs-
ing, depression and cognitive decline, increase the mortal-
ity risks!"'!.

There is no cure for PD and pharmacological treat-
ment (of which levodopa is the long-term gold standard)
still lacks significant effects on the previously described
harmful symptoms. Indeed, postural instability, balance
problems and gait disorders such as FoG and stride vari-
ability respond pootly to medication”""*", Even worse,
many authors describe a “paradoxal effect” of medica-
tion" """ since two-thirds of falls occur when patients
are under the effect of medication (“on” phase)[zﬂ. This
condition may be explained by the fact that dopaminergic
treatment improves gait speed and general mobility (thus
stimulating the patients to move), but not balance and
postural instabilitym’zs‘. Finally, some adverse effects of
long-term pharmacological treatment, such as levodopa-
induced dyskinesia and orthostatic hypotension, are very
well known causes of falls"**>*".,

Therefore, it is evident that the study of new ap-
proaches aimed to improve the motor aspects of PD pa-
tients is necessary. Nowadays, besides optimal medication,
it is evident that physical therapy is the most effective
non-pharmacological aid for patients with PD. It is not
the aim of this paper to describe in detail the pathophysi-
ology underlying each symptom, but putative mechanisms
for each exercise protocol will be discussed in detail in the
ensuing paragraphs.

EXERCISE GUIDELINES FOR PD

The most relevant guidelines for physical exercise in PD
have been designed by Morris®" and Keus et 2/ (Table 1).
External cues represent effective interventions aimed

to improve motor performance, especially gait. Cognitive
movement strategies refer to those mental techniques
taught to patients in order to improve their everyday
motor tasks. The key intervention is to teach the patient
to subdivide complex and automated motor sequences
in series of single, simple movements that must be per-
formed in the correct, fixed order. This strategy is aimed
to render motor performance as a conscious activity, thus
avoiding dual—taskingm’zg] as well as bypassing the defec-
tive basal ganglia[zs]. Balance training is another crucial
point of the model, since it can prevent falls. Further-
more, improving physical capacity with aerobic training,
strength and flexibility exercises may reduce symptoms as
well as improve the patient’s general well-being and qual-
ity of life.

In this setting, the individualization of training repre-
sents a crucial approach. Indeed, PD symptoms change,
often with fluctuations, with the progression of the dis-
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Table 1
therapy

Essential points in Parkinson’s disease exercise

Effects

Cueing strategies
Cognitive movement
strategies

Improve motor performance (especially gait)
Improve everyday motor tasks (walking,
standing up, sitting down, dressing, etc.), and
quality of life

Balance training Prevent risk of falls, improve postural stability
Aerobic training Improve physical capacity

Strength and flexibility Improve general well-being and quality of life

ease. Therefore, physical therapists, in conjunction with
the caregivers and neurologists, should adapt, modify and
tailor the exercise program to the patient’s specific needs.
Regular assessments™ should be performed in order
to analyze the effects of both medications and physical
therapy, and consequently adapt them to the patient’s ac-
tual condition.

To achieve feasible improvements, a physical therapy
protocol should be at least 8-10 wk long,. Ideally, pa-
tients should train 3 d per week, 60-75 min per session.
Moreover, it is also recommended to perform stretch-
ing exercises daily in order to reduce rigidity. Obviously,
choosing an enjoyable and stimulating exercise protocol,
thus promoting adherence and long-term compliance is
of major importance when considering both the patient’s
prognosis and quality of life.

TRAINING STRATEGIES

Different training programs for patients with PD have
been designed and evaluated.

Treadmill
Treadmill training is probably the most examined form
of exercise for patients with PD.

Single-pulse Transcranial Magnetic Stimulation studies
have shown abnormalities of the Cortical Silent Period
(CSP duration) and other corticomotor excitability mea-
sures in patients with PD, reflecting greater corticomo-
tor excitability in these patients. It is known that CSP is
mainly mediated by gamma-aminobutyric acid (GABA)-B
receptors, and abnormalities of GABAergic transmis-
sion are key points of the pathophysiology of movement
disorders involving the basal ganglia. In addition, vol-
untary exercise may increase brain-derived neurotrophic
factor (BDNF) levels thus enhancing neuronal function
by promoting synaptogenesis and neurogenesis. Indeed,
BDNF modulates the level of functional inhibition in
an activity-dependent manner by regulating the number
of GABAergic interneurons. While the role of BDNF
in modulating GABA-mediated inhibitory transmission
is not fully understood, conceivably the lengthening of
CSP, related to high intensity exercise, may be related to
an exercise-induced increase in BDNF®,

The rationale behind the use of a treadmill in PD
patients, proposes that the device works as an external

ue™? which bypasses the defective basal ganglia.
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In this setting patients do not need to pay attention to
triggeringm’%}s], selecting and maintaining a motor se-
quenceBS], and they can focus only on the motor action
of walkingml. Furthermore, as stated by Cakit e# al®,
“a guiding principle in neurologic rehabilitation is that a
skill will be improved if it is practiced”; therefore, walk-
ing on a treadmill can improve Parkinsonian gait since,
as described by several authors®>*
motor learning, The need for improving gait and walking
in people affected by PD is related to the achievement
of performance improvement. In addition, gait training
is necessary to reduce gait disorders (such as FoG, gait
variability and festination) which directly cause reduced
mobility, falls and injuries that can severely worsen the
patient’s health and quality of life. As described by Fren-
kel-Toledo ef @/, the thythm imposed by the machine
regularizes the patient’s gait, with steps becoming longer
and less variable. Considering that stride variability repre-
sents the main risk indicator of falls in the elderly™, this
improvement acquires even more significance. Indeed,
different studies””*” show that treadmill training directly
decreases risk and actual falls in subjects affected by PD.

As proven by 2 studies, even a single session of tread-
mill training generates improvements in the gait of PD
patients. In the study of Pohl ez a/*”, patients tried 3 dif-
ferent interventions for gait treatment: Speed-Dependent
Treadmill Training (SDTT, in which the patient walks 10
s at his/her maximum safe speed, and if that speed was
sustainable it would have been increased after a short
rest), Limited Progressive Treadmill Training (in which
the belt speed was never increased over walking speed re-
ported at baseline) and Conventional Gait Therapy (CGT,
based on Proprioceptive Neuromuscular Fasciculation
concepts). After just a 30-min training session, both of
the treadmill protocols showed significant improvements
in gait speed and stride length; also, double stance dura-
tion was decreased. Similarly, Bello ez al*™ described im-
provements in gait speed and stride length after a single,
20-min treadmill session.

Several studies focused on the effects of a longer-
term protocol in Parkinson’s patients. Miyai ez al"" dem-
onstrated that, in comparison with traditional physical
therapy, a 4-wk body weight-supported treadmill train-
ing (BWSTT) program was effective on symptoms |as
shown by the unified parkinson’s disease rating scale
(UPDRS)] as well as on gait speed. In another study of
Miyai et al’”, patients received a 45-min BWSTT train-
ing 3 times a week for 1 mo, with belt speed progres-
sively increased over the training period. Results showed
higher gait speed and decreased number of steps over a
10 m distance, and effects lasted, respectively, at the 1-
and 4-mo-follow up. Herman e# al™” demonstrated that
an intensive treadmill protocol, with patients training
30 min, 4 times per week over a 6-wk period (with belt
speed progressively increased), could generate improve-
ments not only in gait parameters (speed, swing time vati-
ability), but also in balance, motor symptoms (as showed by
the values of UPDRS-III) and quality of life (assessed with
Parkinson’s Disease Questionnaire-39). Four studies evalu-

, it can also generate

September 26, 2014 | Volume 4 | Issue3 |



Borrione P et a/. Physical activity in Parkinson’s disease

Table 2 Results of treadmill training

Pohl et al™ Single session 10 s at maximum safe speed After 30 min training

Bello et al™” Single 20 min session

Miyai et al*"!  Body weight supported treadmill training 45-min session, 3 times/wk,
for 4 wk

Miyai et al”  Body weight supported treadmill training 45-min session, 3 times/wk,

for 4 wk with progressive
increasing of belt speed
30 min session, 4 times/wk,

1361

Herman et al*™ Intensive treadmill protocol

for 6 wk with progressive
increasing of belt speed
30 £ 5 min session, 8 wk

Cakitetal®™  Speed dependent treadmill training

Fisher et al®  Body weight supported treadmill training

session, 3 times/wk for 8 wk
1 h session, 3 times/wk for

Protas et al™  Walking in all 4 directions and step

training 8 wk
Rose et al™
jumping on a lower body positive-pressure 8 wk

antigravity treadmill + spatial cues

3.0 metabolic equivalents

Skipping, sprinting, walking, running and 1 h session, 3 times/wk for

Improvement in gait speed and stride length

Improvement in gait speed and stride length

Decrease of symptoms (UPDRS scale) and improvements in
gait speed

Improvement in gait speed, decreasing of steps number over
a 10 m distance. The effects lasted over 1 and 4 mo of follow
up

Improvement in gait parameters (speed, swing time
variability), balance, motor symptoms (UPDRS scale) and in
quality of life

Improvement in tolerated speed and distance walked, in
balance and reduction in fear of falls

Improvement in gait speed, step and stride length, hip and
ankle joint excursion, and decrease cortico-motor excitability
Reduction of falls, improvement in gait speed and stride
length, improvement in dynamic balance

Improvement in gait and functional capacity, better quality
of life, improvement in motor symptoms (UPDRS scale)

UPDRS: Unified Parkinson’s Disease Rating Scale.

ated the treadmill training protocol carried out over 8 wk.
Cakit et a/™" trained their patients with a SDTT protocol
and described improvements in tolerated speed and dis-
tance walked, improved balance and reduced fear of falls.
Fisher ¢ a/”” demonstrated that high-intensity BWSTT 3
times a week over an 8-wk period improved: gait speed,
step and stride length, hip and ankle joint excursion, body
weight distribution, and, as pointed by the authors, “im-
portantly” in CSP length, which in fact translates into de-
creased corticomotor excitability. Protas ef al™ designed
a specific treadmill protocol, in which patients walked in
all 4 directions at a speed higher than normal gait; “step
training” was also included, as the treadmill belt was sud-
denly switched off during the exercise. Results showed
a substantial reduction in falls, increased gait speed and
stride length as well as improved dynamic balance. In the
latest studym], different tasks were performed by patients,
such as skipping, sprinting, walking, running, jumping,
and also spatial cues where used, with the patient working
on a lower body positive-pressure antigravity treadmill.
The study by Rose ¢ al™” showed significant and promis-
ing results for this brand new, high intensity protocol:
improvements affected the score for Movement Disor-
ders Society- UPDR Scale, better quality of life (32% im-
provement at Parkinson’s Disease Questionnaire-39), and
increased gait and functional capacity [assessed with the
6-minute walk test (6MWT)].

Finally, it is mandatory to note that treadmill training
may generate positive effects also on the central nervous
system, namely, dopamine availability and corticomotor
excitability, 2 central elements which are impaired by PD
and cause motor disorders. Different interventions of
treadmill training are shown in Table 2.

Cueing strategies
It is known that the normal footstep pattern is not lost
in PD, rather there is a problem in activating the correct
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stepping response for a given context. Several studies
demonstrated that the interaction between the basal gan-
glia and supplementary motor area (SMA) is disrupted
during movement performance. The SMA normally
prepares for a forthcoming predictable movement with a
steady increase in neuronal activity during the premove-
ment period. Once the external signal to move occurs,
the neuronal activity in the SMA abruptly ceases. The
basal ganglia discharge with brief bursts of phasic activity
at the end of submovements performed in a sequence.
This activity represents an internal cue which triggers the
rapid drop in SMA neuronal activity. If the basal ganglia
cue was absent or disturbed, as in PD, then it is possible
that the SMA preparatory activity would be disturbed,
leading to an abnormally executed movement™,

As a consequence of the dopaminergic neuronal de-
fection, the basal ganglia do not provide the correct cues
for motor sequences to cortical motor areas (primary
motor cortex, premotor cortex and supplementary motor
area). This defect justifies the patient’s inability to prepare
and maintain the execution of complex and well-learned
movements, e.g., Walkingw’zz’a“’“’[‘s]. Specific gait impair-
ments like FoG and festination are probably caused by an
internal lack of rhythmic cues™,

Conceivably, physical therapy should aim to compen-
sate the physiologic defections at the base of the motor
impairmentsm’}z’m. In this setting, adapted exercise should
be planned with the aim of reaching the cortical motor
areas and bypassing the affected basal ganglia, in order to
improve motor performance. External cues seem to be an
effective method" """ and many authors demonstrated
their efficacy. There are 3 types of cues which have been
mainly studied: visual (transverse stripes placed on the
walk path), auditory (music or simple beeps and sounds)
and somatosensory (vibrations). Visual cues seems to
facilitate Parkinsonian gait since they focus patient’s con-
centration during the act of walking, thus making it a vol-
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Thaut et al"*” Rhythmic Walking, stop-and-go, stair 30 min/d for3  Improvement in gait speed, stride length and cadence
auditory cues stepping listening to music wk

McIntosh et al®  Rhythmic Walking and stop-and-go Single session Improvement in gait speed, stride length and cadence
auditory cues listening to music

del Olmo et al®™  Rhythmic Walking in different condition ~ 1h/d, for 5 Improvement in gait temporal stability

auditory cues (with or without metronome

cadence) wk
Single session

Azulay et al*®

Dynamic and Walking on a 12-m walkway

static visual cues with parallel transversal
white stripes with normal/
stroboscopic lights

Auditory + visual Little itinerary performed at

cues home

Rochester et al™

Nieuwboer et al® Visual, auditory Home-based
or somato- cueing training program
sensory cues

Frazzitta et al”” Treadmill + Progressive treadmill training

external cues with auditory (musical beats)

and visual cues

Single session

times/wk for 4

Increased velocity and stride length in the normal lights
condition, suggesting the role of a specific visuo-motor
pathway elicited by the moving cues

Auditory cues improved performance (stride length) in the
functional task, and a tendency for increased walking speed
was noticed with both types of cue

30 mine session, Improvement in posture, gait speed, step length, reduction of
3 d/wk for 3wk FoG episodes and increased confidence in gait tasks

20 min every day Improvement in UPDRSIII, 6MWT, gait speed, stride cycle,
for 4 wk

FoG questionnaire

FoG: Freezing of Gait; 6t MWT: 6-Minute walk test; UPDRS: Unified Parkinson’s Disease Rating Scale.

untary task!"*. Auditory cues provide an external rhythm
that bypasses the affected basal ganglia, thus improving
gait performance, timing and cadence””*. No informa-
tion is given for the putative mechanism of somatosen-
sory cues efficacy but the explanation may rationally be
very similar to the auditory cues.

Mclntosh and colleagues studied the effect of rhyth-
mic auditory cues on the gait of PD patients. Their first
studymJ was a 3-wk home-based gait training program:
patients trained 30 min/d, with walking, stop-and-go and
stair stepping performed while patients listened to music
in a headset (music tempo was progressively increased
during the experiment). There were significant improve-
ments regarding gait speed, stride length and cadence.
In the second protocol™, auditory cues again facilitated
subjects’ gait, with significant improvements in gait speed
(patients were able to walk at a speed higher than their
maximal one), stride length and cadence. del Olmo ez a/™
also assessed the effect of auditory cues on PD gait. Fif-
teen patients underwent gait training (which also included
manual dual-tasking) with rhythmic sounds, 1 h per day,
5 d a month: auditory cues increased gait temporal stabil-
ity, especially in those patients with greater impairment
at baseline (a discovery that gains even more significance
given that the level of gait impairment is proportional to
PD severity).

Azulay ez al™ analyzed the effect of both dynamic
and static visual cues on PD gait. Participants in the study
session walked on a 12-m walkway with parallel transver-
sal white stripes (visual cue) spaced at 45 cm intervals;
patients walked first with normal lights on, and then
with stroboscopic lights (used to suppress the perception
of movement of the stripes). While performance sig-
nificantly decreased due to the absence of dynamic cues
(stroboscopic lights), patients increased velocity and stride
length in the normal lights, suggesting the role of a spe-
cific visual-motor pathway elicited by the moving cues.
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Most of the studies available in the literature com-
pared the different type of cues. Rochester ez al™ ex-
amined the effect of both visual and auditory cues on a
gait dual task performed at home: patients simply had to
stand up, go to their kitchen, put 2 cups on a tray, walk
back, leave the tray on a near table and sit down again.
Auditory cues improved performance in the functional
task (stride length), and a tendency for increased walk-
ing speed was noticed with both kinds of cue. The most
complete study on external cues for PD is the RESCUE
trial designed by Nieuwboer 7 a/””. One hundred and
fifty-three patients participated in this home-based cue-
ing training program, in which patients had to perform
gait tasks while receiving visual, auditory or somatosen-
sory cues; training sessions lasted 30 min, 3 d per week,
for 3 wk. The program generated many significant im-
provements in: posture and gait, gait speed, step length,
reduction of FoG episodes (assessed through the FoG
Questionnaire), and increased confidence in gait tasks
(assessed with the Falls Efficacy Scale); importantly, 67%
of patients preferred auditory cues, while the remaining
33% favored somatosensory cues.

Frazzitta et al” designed an experimental study, in
which 40 patients who suffered FoG were divided into 2
groups: the first underwent progressive treadmill training
with auditory (musical beats) and visual cues, while the
second group followed a traditional protocol combining
visual and auditory cues. Improvements were found in
both groups for all the measured parameters (UPDRS-
I, 6MWT, gait speed, stride cycle, FoG questionnaire),
showing the positive effect of both cues on motor per-
formance. Table 3 summarizes the cueing strategies.

Improving physical capacity: Resistance training

Due to both central and peripheral causes, PD patients
suffer muscle weakness (sarcopenia). Weakness in the
lower limbs particularly affects basic daily tasks such as
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standing up from a chair and walking. Moreover, sarco-
penia is considered a secondary cause of bradykinesia®"
Muscle weakness is also strongly related to impaired bal-
ance, since it reduces the ability to respond to postural
and balance modifications”". When considering this ob-
servation, its association with the risk of falls is straight-
forward. Moreover, the consequences of balance loss
(falls, injuries, immobilization) may adversely contribute
to the maintenance of bone mass density in the hip"™”,
increasing the risk of hip fracture.

In PD, the nigral dopaminergic deficit results in an
increase in tonic inhibition of the thalamus and reduc-
tion in the excitatory drive to the motor cortex leading to
disruption of cortical activation of the muscle. Conceiv-
ably, this disorder may result in impaired motor unit re-
cruitment and could contribute both to bradykinesia and
muscle weakness.

When considering these impairments, resistance
training has been proposed as an efficient intervention
aimed at reducing muscle weakness, bradykinesia, balance
problems, as well as improving bone parameters, physical
functioning, ADLs and the quality of life®**",

Several observations suggest that resistance training
may facilitate functional plasticity in the cortex and mus-
cle activation patterns. For this reason, in PD patients,
this kind of training could be therapeutic to modify the
activity in the cortex and basal ganglia, as well as the con-
nectivity between and within these structures. Indeed,
several studies showed that resistance training resulted
in an increase in electromyographic activation, possibly
explained by improved motor unit recruitment, increased
firing rate, and better S}fnchronization[54].

The first resistance training intervention for PD was
evaluated by Scandalis e7 al” in 2001. Their protocol
included exercises for quadriceps, hamstring, calves and
abdominal muscles. Training sessions took place twice a
week for 8 wk. The authors described improvements in
strength, gait speed and stride length.

Several studies assessed the effects of progressive re-
sistance exercise (PRE), which uses a high resistance load
progressively increasing during the period of training. In
the study of Schilling ez al™, patients performed resis-
tance training for lower limb muscles twice a week for 8
wk: as expected, leg strength was significantly improved.
Hirsch ez al’” evaluated the efficacy of PRE for balance
parameters. Patients were assigned to 2 different groups:
while group 2 simply performed balance exercises, group
1 trained balance plus high-intensity PRE for knee and
ankle muscles. Sessions took place 3 times per week on
non consecutive days for 10 wk. Both groups improved
balance, strength and reduced falls, but the group treated
with PRE and balance training performed better and
their results were greater. PRE, as shown by the study
of Hass ez al™, may also improve typical walking impair-
ment of PD such as gait initiation. Their 10-wk PRE
program, which focused mainly on lower limb muscles,
generated improvements both in postural adjustment
and spatiotemporal parameters during gait initiation, and
consequently muscle strength. O’Brien ez a/™” focused
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more on the patient’s perception of a PRE protocol. Af-
ter 20 sessions (performed twice weekly), the researchers
interviewed the participants. Patients reported physical
and psychological benefits from the PRE program and
expressed positive feedback as well as the intention to at-
tend future programs.

Another very efficient strengthening method is ec-
centric training, The advantage of this type of condition-
ing lies in the fact that eccentric contraction can generate
high forces and perform more work (and thus increase
strength quicker) while requiring less energy when com-
patred with concentric contraction, thus reducing fatigue.
Dibble and colleagues rightly speculated on this assump-
tion, and after having assessed the safety and feasibility
of high-intensity eccentric training for PD patients, they
evaluated its benefits. The protocol was the same for
their 2 studies™*": 2 groups (experimental and control)
underwent the same exercise program, which included
calisthenics, treadmill, balance training and conditioning
3 times per week for 12 wk; the only difference regarded
lower muscle conditioning, for which the experimental
group performed high-intensity eccentric exercise, while
the control group underwent traditional strength exercis-
es. Convincingly, in both studies, the experimental group
results showed significant improvement in all tested pa-
rameters, namely: muscle hypertrophy, strength, mobility,

bradykinesia, quality of life and UPDRS score (Table 4).

Balance training

Degeneration of the basal ganglia involves several physi-
ological systems essential for balance control. Dysfunc-
tion of the basal ganglia influences the ability of central
nervous system to translate sensory information (so-
matosensory, visual and vestibular) into a single reference
frame, which is important for assessment of limb and
body position in relation to the environment. Deficient
motor regulation in PD manifests as poor inter-segmental
coordination, difficulties adopting postural synergies and
delayed adjustment in motor commands when moving
from one task to another. To be specific, balance train-
ing needs to target functions, or impairments, of balance
control associated with PD symptomsm.

As already discussed, postural instability is probably
the symptom with the lower response to pharmacothet-
apym’”’w. A reduced ability to adapt to balance changes
and perturbations automatically increases the risk of
falling as well as the consequent injuries such as hip frac-
ture!. The need for an integrative therapy that would
ameliorate the PD patient’s response is evident. With this
aim, exercise interventions focused specifically on bal-
ance have been developed and evaluated.

Tai Chi, a Chinese martial arts discipline, has been
proposed as a useful exercise program for PD patients
since it encompasses techniques such as weight shifting,
slow and controlled movement, trunk rotations, differ-
ent stances, multidirectional stepping, and maintenance
of postures that directly target PD balance and gait[(’z’(ﬁ].
Many authors evaluated the effect of a Tai Chi program
in PD patients (Table 5).
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Table 4 Effects of resistance training
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Scandalis et al™ Exercises for quadriceps, hamstring, calves and also
abdominal muscles

Schilling et al®  PRE for lower limbs muscles
Hirsch et al™” Balance exercise plus high-intensity PRE for knee and
ankle muscles

Hass et al™ PRE program, focused mainly on lower limbs muscles

O'Brien et al®®  PRE

Dibble et al™®  High Intensity eccentric training exercise program for
lower muscles which included calisthenics, treadmill,
balance training and conditioning

2 times/wk

Improved strength, gait speed and stride length

for 8 wk

2 times/wk

Improved leg strength

for 8 wk

3 times/wk

Improved balance, strength and reduced falls

for 10 wk

2 times/wk
for 10 wk

2 times/wk

Improvement in both postural adjustment and spatiotemporal
parameters during gait initiation (protective effect on falls), and
improved muscle strength

Physical and psychological benefits

for 10 wk

3 times/wk
for 12 wk

Improvement in muscle hypertrophy, strength, mobility,
bradykinesia, Quality of life and UPDRS score

PRE: Progressive resistance exercise; UPDRS: Unified Parkinson’s Disease Rating Scale.

Table 5 Effects of balance training

Tai Chi group improved their postural stability significantly more than both the other groups;
stride length and velocity, strength, timed up-and-go test, functional reaching and UPDRS-III
times/wk for score were significantly higher in the Tai Chi group when compared with stretching; Tai Chi
improved stride length, reduced rate of falls at follow up and, as shown by the posturography,

there was a reduction of deviations of movement, which the authors suggest to be a reduction of

Li et al®? Tai Chi vs 60 min
resistance sessions 2
training and
stretching 24 wk

dyskinesia

Hackney et al'® Tai Chi
program for 10-13

wk (total 20
session)

Schmitz-Hubsch et al® Qi Gong
program training for 2

mo

60 min session Improved global and motor symptoms (UPDRS and UPDRS-II), balance, tandem stance, one leg
stance, backward walking, and gait endurance (6MWT)

90 min weekly Intervention showed a “stabilizing effect on PD symptoms”: specifically, postural instability
improved, as well as UPDRS-III score. Also, autonomic dysfunction (constipation and pain)
decreased, and during physiotherapy sleep disturbances and daytime sleepiness diminished

6MWT: 6-Minute Walk Test; UPDRS: Unified Parkinson’s Disease Rating Scale.

Li et al*” compared the effect of a Tai Chi program
with resistance training and stretching (used as control).
Subjects in each group trained twice a week for 6 mo.
The Tai Chi training program was particularly designed
for balance and gait training, Results showed that the Tai
Chi group improved their postural stability significantly
more than ecither of the other groups. Stride length and
velocity, strength, timed up-and-go test (which evaluates
static and dynamic balance and gait), functional reaching
and UPDRS-III score were significantly higher in the Tai
Chi group when compared to stretching. Furthermore,
2 findings are of particular significance: the rate of falls
at follow-up was lower in Tai Chi group, and, as shown
by posturography, there was a reduction in deviations of
movement as a result of reduced dyskinesia. Hackney
and Earhart™ evaluated the effect of 20 lessons (over 13
wk) of Tai Chi. Patients improved their global and mo-
tor symptomatology (UPDRS and UPDRS-III), balance,
tandem stance, one leg stance, backward walking, and
gait endurance (6MWT). In addition, “patients reported
enjoyment in the protocol and physical and psychological
improvements”.

Schmitz-Hiibsch e a/* determined the effect of an-
other Chinese exercise therapy, Qi Gong (which includes
posture, breathing techniques and attention strategies).
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Their 2-mo intervention showed a “stabilizing effect on
PD symptoms™: specifically, postural instability improved,
as well as UPDRS-1II score. Moreovet, autonomic dys-
function (constipation and pain) decreased, and during
physiotherapy sleep disturbances and daytime sleepiness
diminished.

Finally, worthy of mention is the innovative, balance-
specific program designed and assessed by Esculier ez /™.
The researchers submitted PD patients to a home-based
program using Nintendo Wii Fit with balance board. The
device focuses on balance tasks and visual feedback of
movements is constantly provided, together with audi-
tory and proprioceptive cues. Additionally, the console
and the games seemed to be very enjoyable and motivat-
ing for the patient. In this study, patients trained for 40
min, 3 d a week, for 6 wk. Results were meaningful, with
improvements in static and dynamic balance, gait, func-
tional strength of the lower limbs, one-leg stance time
and reduced fear of falling,

Dance

Due to its nature, dance appears to be one of the most
effective exercise protocols for PD patients. Indeed, as dis-
cussed by Dr. Earhart, all the recommended key areas™
for physical therapy in PD are met'®. Music serves as an
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Table 6 Results of dance training

Hackney et al'**”

10 wk (total 20 sessions)
Hackney et al'”
13 wk (total 20 session)

Duncan et al™
“off medication” 12 mo

Tango 60 min session, 2 d/wk for Decreased UPDRS score, improved balance, reduced fear of falling. Trends of
improvement for FoG and at Timed Up and Go test

Tango vs Foxtrot 60 min session, 2 d/wk for Both types of dance improved gait speed, balance, backward stride length,
cardiovascular function and symptoms (UPDRS); only Tango generated improvements
for FoG

Tango in patients 60 min session, 2 d/wk for Bradykinesia and motor symptoms severity (assessed with MDS-UPDRS-III) were
reduced; gait speed, balance, dual task walking speed and upper extremity function

all improved; rigidity, FoG and gait endurance remained stable, but in the control

group they progressively worsened, (“braking” effect on PD progression)

PD: Parkinson’s disease; UPDRS: Unified Parkinson’s Disease Rating Scale.

external cue, thus facilitating motor performance; spe-
cific movement strategies are taught; balance is trained,
especially in its dynamic form. Although not directly
addressed, dance may improve strength and flexibility.
Finally, when trained at the right intensity, dance pro-
motes cardiovascular functioning as an optimal form of
acrobic exercise. This discipline may be considered an
ideal choice among all adapted physiotherapy programs,
since it addresses specific Parkinsonian impairments
such as walking backward, turning and multitasking, Fur-
thermore, the Tango appears to be the most Parkinson-
specific discipline, since the basic step used is walking;
frequent stops and starts are common (thus challenging
the patient’s start hesitation); directional changes and
turning are included, and dancing at different rhythms
and speeds addresses bradykinesia. Furthermore, some
techniques like stepping or tapping the partner’s feet,
crossing feet, and shifting the body weight from one leg
to another, are very similar to strategies used in rehabilita-
tion of FoG'™*,

Researchers have evaluated 2 dance discipline so far:
waltz/foxtrot and, of course, Tango. In 2 studies, Hack-
ney et al**" reported that 20 Tango sessions diminished
symptoms, improved balance, and reduced fear of falling,
Moreover, trends of improvement in FoG and the Timed
Up and Go test (which measures static and dynamic bal-
ance) were found. Significantly, in both studies, half of
the patients decided to participate in additional Tango
sessions; an unequivocal sign of the patients’ enjoyment
of the protocol. Hackney and Earhart® also tried
to evaluate the difference between partnered and non-
partnered dance, since “the partner’s importance and
influence remains equivocal”. Again, 20 Tango sessions
generated improvements in gait, balance and functional
mobility. No difference were found between the 2 groups,
but the authors suggested that, for safety reasons, a part-
ner may be useful for patients in the later stages of PD
since the partner acts as a balance support. Duncan and
Earhart™ reported a 12-mo study, in which 52 patients
assigned to a Tango group trained twice a week for 1 h.
In this study, patients were tested only off medication
“to ultimately determine whether exercise may be disease
modifying”. Significantly, patients benefitted greatly from
the long-term protocol: motor symptom severity (assessed
with MDS-UPDRS-III) was reduced, as well as bradyki-
nesia. Gait speed, balance, dual task walking speed and
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upper extremity function all improved. Rigidity, FoG and
gait endurance remained stable, but in the control group
they progressively worsened. These results confirm how
exercise can have a “braking” effect on PD progression

(Table 0).

CONCLUSION

With the exception of tremors, tailored physical activity
has shown to improve all the prominent motor symptoms
of PD patients including those harmful disturbances
such as FoG, stride variability and balance impairments.
Furthermore, it has been clearly demonstrated that each
of the different types of physical activity resulted in a
better quality of life. It is therefore reasonable to state
that tailored physical activity could be considered as a val-
id intervention to be included in the therapeutic program
of PD patients.

Each training protocol has specific technical charac-
teristics targeting different PD deficiencies. Studies apply-
ing treadmill training described improvements in patient
gait in quick FoG, festinating gait and balance loss. More-
over, in several studies researchers reported improve-
ments in UPDRS, functional capacity and quality of life.

The use of external cues to bypass the affected basal
ganglia also showed promising results. Most of the spa-
tiotemporal walking parameters, such as gait speed, stride
variability, cadence, and step length improved after the
use of external cues. Nieuwboer ¢z o/ also reported that
external cues reduced FoG events and improved patient
confidence when considering the risk of falls.

Dancing is an alternative program which seems prom-
ising and efficient for the treatment of PD symptoms.
Specific Parkinsonian patterns such as bradykinesia,
dynamic balance, backward walking, turning and multi-
tasking are directly targeted with dance. In addition, the
Argentinian Tango can be labeled as a “Parkinson-specific
discipline”. The effect of the dance relies on its social
and enjoyable nature, which stimulates patient compli-
ance for longer periods, thus potentially enhancing the
positive effects of the program and expanding its benefi-
cial effect to the emotional and psychological sphere.

The beneficial effects of resistance training are not
limited to muscle hypertrophy and improved strength.
Indeed, significant improvements have been described
when considering balance, bradykinesia, gait, mobility
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and quality of life. Balance-specific protocols, mainly Tai
Chi, resulted in significant improvements when consider-
ing gait, balance and posture, finally leading to a reduced
risk of falls.

As discussed by most of the authors cited, the main
limit of adapted physical therapy in PD patients relies in
the lack of a standardized therapeutic protocol for com-
mon use. Even if future investigations should address
this issue, we strongly support the adoption of an indi-
vidualized approach. Indeed, PD is a very complex dis-
ease, with different and fluctuating symptoms which af-
fect the patients almost uniquely. Consequently, a physical
therapy protocol should not be standardized, but tailored
and individualized to the patient’s personal condition in
order to target his/her precise motor impairments.

Consequently, it seems crucial to educate the patient
early about the benefit of an active lifestyle, including
regular participation in an specific physiotherapy pro-
gram, in order to promote independence, physical func-
tionality and quality of life. Patients should choose an
enjoyable program in order to promote adherence. Based
on the available experience, training sessions should last
60-75 min at least 3 times per week, especially in the ear-
lier stages. It seems to be useful to perform stretching ex-
ercises daily in order to reduce rigidity and improve joint
and muscular capability.
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