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Abstract

Background: The high incidence of falls associated with Parkinson’s disease (PD) increases the risk of injuries and
immobility and compromises quality of life. Although falls education and strengthening programs have shown
some benefit in healthy older people, the ability of physical therapy interventions in home settings to reduce falls
and improve mobility in people with Parkinson’s has not been convincingly demonstrated.

Methods/design: 180 community living people with PD will be randomly allocated to receive either a home-based
integrated rehabilitation program (progressive resistance strength training, movement strategy training and falls
education) or a home-based life skills program (control intervention). Both programs comprise one hour of
treatment and one hour of structured homework per week over six weeks of home therapy. Blinded assessments
occurring before therapy commences, the week after completion of therapy and 12 months following intervention
will establish both the immediate and long-term benefits of home-based rehabilitation. The number of falls,
number of repeat falls, falls rate and time to first fall will be the primary measures used to quantify outcome. The
economic costs associated with injurious falls, and the costs of running the integrated rehabilitation program from
a health system perspective will be established. The effects of intervention on motor and global disability and on
quality of life will also be examined.

Discussion: This study will provide new evidence on the outcomes and cost effectiveness of home-based
movement rehabilitation programs for people living with PD.

Trial registration: The trial is registered on the Australian and New Zealand Clinical Trials Registry
(ACTRN12608000390381).
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Background
Most people with idiopathic Parkinson’s disease (PD) live
at home or in the community. A major aim of physical
therapy is to enable them to remain at home safely for as
long as possible [1-3]. Even though it is estimated that
more than 7 million people worldwide have PD [4], there
have been few investigations of the most effective home-
based exercise and rehabilitation programs for those with
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this debilitating condition. Falls occur often in people
with idiopathic PD as the disease progresses [5,6], with
fall rates of over 60% per annum reported [7,8]. More
than half of these individuals fall more than once every
year [8-10]. It appears likely that the cognitive difficulties
frequently associated with PD aggravate the risk of fall-
ing, particularly by impairing attention [11].
Potential injury is not the only adverse consequence of

a fall. Falling may lead to a fear of falling [12,13], which
can in turn result in further falls [14,15]. In people with
PD, fear of falling has been associated with an increased
risk of frequent falls [16]. Falls often lead a person to re-
duce their activity levels [14,17,18], community
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ambulation [19] and their participation in outdoor activ-
ities [20], leading to loss of fitness and independence.
Falls not only compromise quality of life [21], but can

sometimes impact negatively on caregiver quality of life,
with reported issues including depression, sustained
productivity losses, fear for their spouse, and injuries
sustained in trying to prevent their spouse’s fall [22,23].
The costs from health care service utilization following
falls are also substantial [24]. A recent study [25] found
annual direct costs of medical care in the USA to be
$US23,101 per person in people with PD and only
$US11,247 in matched controls, noting that falls were
substantial contributors to the difference.
There are several approaches to physical therapy that

can be delivered within the home. One effective method,
known as movement strategy training (MST), teaches
the individual to compensate for the disabling move-
ment disorders that occur in PD. Based on studies by
Morris and Iansek [2,26,27], these strategies teach
people to use attentional strategies to consciously bypass
the basal ganglia, instead using the frontal cortex to ini-
tiate and execute functional activities. Motor perform-
ance is enhanced by the use of structured practice,
which breaks down complex movement sequences into
segments and focuses attention on each segment before
practicing the activity as a whole. Additional compo-
nents of MST are the mental rehearsal of forthcoming
movements, conscious focus on the movement as it
occurs, and the use of supplementary visual or auditory
cues. While MST can improve the ability to move [28],
its ability to prevent falls within the home and commu-
nity has not yet been confirmed.
Progressive resistance strength training (PRST) is an

exercise therapy that can increase the ability of muscles
to generate force. Strength is reduced in many people
with PD [29,30] most likely because hypokinesia and
aging lead to reduced physical activity and disuse. There
is preliminary evidence that PRST for people with Par-
kinson’s can result in increased muscle strength and
hypertrophy [31], improved walking ability [30] and
enhanced balance [32,33]. Although PRST has been
shown to reduce falls in people with musculoskeletal
conditions such as osteoporosis [34], it remains to be
seen whether PRST can minimize falls and reduce injur-
ies in people with PD who live at home.
Education packages about the causes and prevention

of falls have successfully reduced falls incidence in older
people without PD, both in acute and sub-acute care
[35] and as part of a multi factorial intervention in com-
munity dwelling older people [36-38]. Because PD is
more prevalent in the aged population, people with this
chronic condition are likely to experience many of the
same risk factors for falls as their contemporaries, sug-
gesting that such education packages may also be
effective. A study of PD by Sadowski et al. [39] found
they had little knowledge of the risk factors specific to
PD, despite having fallen. Falls prevention programs are
arguably cost-effective [40,41], warranting their evalu-
ation in PD.
Preliminary evidence suggests that an integrated pro-

gram of progressive resistance strength training, move-
ment strategy training, physical activities, and falls
education may reduce falls and disability and improve
quality of life in those with PD [7,42,43]. Although these
interventions have been investigated independently in
the PD literature [44-46], the effects of combining them
to provide an optimal package remain unclear. A recent
report of an integrated program of group strength and
balance exercises in 130 community dwelling people
with PD did not identify a significant reduction in fall
rates [43]; however, there were differences in the inci-
dence rate ratio (IRR) of falls that may have been clinic-
ally meaningful (IRR 0.68 during intervention; 0.74
during follow-up). While the intervention utilized exer-
cises previously prescribed for the frail elderly or older
recurrent fallers, there was no focus on the specific diffi-
culties encountered in PD, such as turning or gait initi-
ation problems, and no falls education was provided.
Another randomized controlled trial of integrated

therapy examined the effect of a 6 weeks home program
on falls rate in a sample of 142 community-dwelling
individuals with PD who reported falling in the previous
year [7]. The intervention of strengthening, flexibility,
balance and gait exercises incorporated strategies on falls
prevention and for gait initiation and compensation, but
no specific falls education program. Despite the addition
of some PD-specific activities, there was only a trend to
fewer falls and injurious falls in the exercise group, al-
though near falls and repeated falls were significantly
decreased in that group.
Most previous trials of exercise therapy in PD have

evaluated rehabilitation in the hospital [28] or outpatient
clinic setting [47,48]. Therapy provided in the home,
such as by Ashburn et al. [7], rather than the clinic may
be more appropriate for a relatively frail, generally eld-
erly population as it is convenient, accessible and afford-
able. Obviating the need for travel may reduce stress on
people with PD and the significant others in their lives.
Home-based therapy may also allow for treatment of
more disabled people, who would have difficulty travel-
ling to a clinic. A less obvious benefit is the specificity of
home training. Movement strategy training focuses on
improving an individual’s movement difficulties, such as
freezing when turning the corner into the bathroom.
While practice in a clinical setting may aim to replicate
the turn in direction and angle during treatment, only
on-site training can be fully specific. There is some evi-
dence that PD reduces the flexibility of motor learning,
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increasing the need for task-specific practice [49]; thus
home-based therapy seems particularly suitable for
people with this condition.
The primary aim of the current study is to investigate

whether a short (6 weeks) integrated home rehabilitation
program (IR) comprising progressive resistance strength
training, movement strategy training and falls prevention
education reduces falls incidence over 12 months when
compared to a home-based control “life skills” group.
Secondary aims are to examine the effects of the IR pro-
gram on disability and quality of life relative to the con-
trol group, and to explore the outcome of injurious falls.
An economic evaluation from the perspective of the
health care system will be carried out alongside the
clinical trial.

Methods/design
Design
This study will be a prospective controlled trial with ran-
dom allocation stratified by recruitment source to con-
trol for possible bias. Intention to treat analysis will be
used and assessors blinded to group allocation. A con-
current economic analysis will evaluate the costs of falls
and their management, as well as the costs of imple-
menting the therapy intervention.

Participants
Community-dwelling people with PD from metropolitan
Melbourne will be recruited via hospital-based neurolo-
gists and the state Parkinson’s support group if they have
a neurologist-confirmed diagnosis of idiopathic PD.
Other inclusion criteria are: aged above 21 years; Hoehn
and Yahr [50] of< 5, denoting the ability to walk inde-
pendently with or without an aid; no overt dementia as
determined by a Mini-Mental State Examination [51]
score of >23/30, age adjusted. Participants must be able
to follow simple instructions delivered in English, pro-
vide written consent to participation in the study and be
medically safe to undertake an exercise program as
determined by their neurologist.

Power calculation and sample size
The primary dependent variable of falls frequency over
12 months was used to determine sample size. Based on
previous studies [8,52] and setting power at 80%, alpha
at 5% and with a drop-out rate of 20%, a sample size of
90 is required in each group to detect a clinically signifi-
cant difference of 25% reduction in falls frequency in the
intervention group. This sample size will also be suffi-
cient to identify between-group differences in the sec-
ondary outcomes of the Movement Disorders Society –
Unified Parkinson’s Disease Rating Scale (MDS-UPDRS)
[53] and Parkinson’s Disease Questionnaire-39 items
(PDQ-39) [54,55].
Randomization and blinding
One hundred and eighty people with Parkinson’s will be
randomly allocated to either the intervention group
(integrated rehabilitation program (IR)) or the control
group who will participate in life skills information ses-
sions (LS). Randomization will be stratified according to
each referral source in permuted blocks of 6, 8 and 10 by
an independent private trials coordination organization.
Those involved in recruitment and assessment will be
blind to group allocation.

Interventions
The IR program and LS sessions will be delivered in par-
ticipants’ homes by therapists trained in the appropriate
intervention at a standardized training session con-
ducted by the study team. Both IR and LS programs will
run for six weeks. Interventions will comprise one 60
minutes session per week delivered by a therapist, plus a
60 minutes “homework” session performed by the par-
ticipant following pre-printed but individualized work-
sheets. Physiotherapists will deliver the IR intervention
and allied health professionals including occupational
therapists and speech pathologists will run the LS ses-
sions. Both the IR program and the LS sessions will
occur in addition to participants’ usual healthcare.

Integrated rehabilitation program
The IR participants will undertake a structured but indi-
vidually tailored program of (i) progressive resistance
strength training (PRST), (ii) movement strategy training
(MST) and (iii) falls prevention education. This protocol
integrates elements from interventions previously
detailed by Morris et al. [27]. Written advice to thera-
pists will assist them to schedule the time allocated be-
tween the various activities. Strength training exercises
will be prioritized over other activities if a participant is
unable to complete all three components within the al-
lotted time for each session (60 minutes). The “home-
work” program will repeat activities from the therapist’s
session for that week, modified to participant need and
any safety issues. Pre-printed forms will be used to re-
port the activities undertaken by each individual at each
session and the amount of perceived effort used. Partici-
pants will record homework performance on similar
forms. These data will enable later evaluation of adher-
ence to and compliance with the interventions. Partici-
pants will be asked at each session whether they
experienced any negative side effects of treatment such
as muscle soreness or joint stiffness from the previous
session, whether it required any health service attend-
ance and the results recorded.
Participants will be given an intervention pack con-

taining a booklet with the exercises pictured and
described, a modified Rate of Perceived Exertion scale
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(mRPE) [56], an exercise log book (used to monitor
compliance with the homework program), a sheet of fre-
quently asked questions about strength training and a
booklet on falls prevention [57]. They will also receive a
standard help sheet from Parkinson’s Victoria listing
resources for participant or caregiver support.

(a) Progressive resistance strength training
Strength training will focus on the major muscle groups
integral to functional gait, balance and transfers, such as
quadriceps, glutei, hip abductor and trunk muscles. The
five exercises incorporated are: sit to stand; step-ups;
heel raises; standing hip abduction; and trunk extension
and rotation. The training protocol will follow guidelines
published by the American College of Sports Medicine
to ensure optimal training stimulus [56]. Therapists will
train participants how to perform the exercises safely,
focusing on correct form. They will also assist partici-
pants to understand the level of perceived exertion
required, i.e. hard – very hard (5 – 7 on the Modified
Rating of Perceived Exertion [56]. Exercise resistance
may be progressed by altering starting position or via a
weighted vest or resistance bands. Participants will
complete 2 sets of 8 to 12 repetitions of each exercise,
with 2 minutes rest between each set, aiming for a mini-
mum of three different strengthening exercises each
session.

(b) Movement strategy training
MST will be based upon the principles previously
described in detail by Morris [2,26,27] emphasizing
evidence-based training techniques for people with Par-
kinson’s. These include the ability of participants to initi-
ate and execute everyday functional activities, facilitated
as appropriate by the use of cues (visual, auditory, cogni-
tive or proprioceptive) and attentional strategies, such as
conscious attention strategies, such as conscious atten-
tion. This training approach uses practice of everyday
activities such as standing up, moving from chair to
chair, standing and reaching, walking, walking while car-
rying objects or turning and bed mobility. Activities will
be selected and progressed according to each partici-
pant’s individual ability, needs and home environment.
For more detail on possible progression, see Morris et al.
(2011) [27].

(c) Falls education
Education about falls prevention will be based upon the
content of the booklet “Don’t Fall for It! Falls Can Be
Prevented” [57]. The Commonwealth of Australia has
adopted and published this guide for the prevention of
falls in older people. It comprises advice on various
aspects of falls and safety, such as an overview of risk fac-
tors, keeping mobile, medication, vision, feet and footwear,
and safety in the home environment. Each IR session will
reflect the booklet content, with particular reference as to
how that topic may be relevant to the individual
participant.

Life skills training
The control group’s LS sessions will be of equivalent
duration to the IR program, with the same therapist-
participant contact time and a weekly self-directed but
structured “homework” session. The program will con-
sist of a series of guided education and discussion ses-
sions based on topics of interest. These will be selected
by each participant from a pre-defined syllabus to
optimize retention and interest. Topics include informa-
tion on: relaxation; energy conservation; fatigue manage-
ment; voice and communication; swallowing and diet;
travel advice; and memory skills. No session content will
relate to physical activity, exercise, walking, or falls risk
education. Participants in the LS group will also be given
a general intervention pack containing the standard help
sheet from Parkinson Victoria, Australia. Ethics required
us to provide a generic falls information sheet also.

Assessments
All assessments will be performed in the participant’s
home by a trained physiotherapist blind to group alloca-
tion. Participants will be reminded not to disclose their
treatment or group allocation to the assessor. Assessments
will occur in the week prior to therapy commencing (T1),
in the week after six weeks’ therapy (T2) and 12 months
after therapy completion (T3). Difference between T1 –
T2 assessments will allow evaluation of the immediate ef-
fect of therapy, while T2 to T3 difference will determine
whether the IR program has a longer term effect. Each as-
sessment will include the MDS-UPDRS [53], PDQ39
[54,55] and the EuroQol EQ-5DTM [58]. Medications and
their dosage will be recorded on each test occasion.

Outcome measures
Primary
The primary outcome measure will be falls, defined as “an
unexpected event in which the participants comes to rest
on the ground, floor or lower level” [59]. Falls will be
monitored during the 6 weeks intervention and for
12 months thereafter, consistent with the recommenda-
tions of the ProFaNE consensus group [60]. Participants
will mark all falls on the day they occur on a falls calendar,
or mark a month without falls by ticking a box marked “I
had no falls”. Pre-paid envelopes will be provided for the
return of each month’s calendar sheet. Injurious falls,
defined as a fall requiring medical attention or any health-
care utilization, will be marked with a yellow sticker. Tele-
phone calls will be used to remind participants who have
not returned their monthly sheet. Calls will also
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investigate each injurious fall using a set questionnaire
that examines the health and economic sequelae of the fall
based on data from Medicare Australia, self-reported
health care utilization and out-of-pocket expenditure.

Secondary
Secondary outcome measures include changes in motor
disability, global disability and quality of life. Changes in
motor disability and global disability will be compared
from pre- to post-therapy (T1 to T2) and from T2 to
12 months after therapy ceases (T3), using respectively
the motor section III of the MDS-UPDRS [53,61] and
the full MDS-UPDRS. The MDS-UPDRS is the current
version of the original UPDRS [62], augmented and
revised in line with the findings of its review taskforce
(MDS, 2003), and represents the gold standard in PD as-
sessment. Quality of life will be evaluated on the same
occasions, using the disease-specific PDQ-39 [54,55]
which has demonstrated validity, reliability and sensitiv-
ity. The widely used generic EQ-5D [58] will allow com-
parison of quality of life with non-PD populations [63].

Economic evaluation
To enable calculation of the costs of the intervention
relative to the number of falls prevented, the direct costs
of implementing the therapy programs including the
costs of training therapists will be established. The add-
itional information collected after injurious falls will
allow calculation of the medical, medical ancillary, diag-
nostic and hospitalization costs associated with these
falls in the 12 months follow-up period. An incremental
cost effectiveness ratio (ICER) will be calculated for the
primary outcome as the difference in total cost per fall
prevented between the IR and LS groups. For the sec-
ondary outcomes the ICER will be calculated for cost
per injurious fall prevented and cost per quality adjusted
life year saved.

Statistical analysis
Primary
Falls, as the primary variable of interest, will be exam-
ined in four ways consistent with the recommendations
of the ProFaNe group [60]:

i. number of fallers
ii. number of multiple fallers (two or more falls)
iii. falls rate and time to first fall
iv. relative risk (RR) will be calculated to compare

number of fallers and number of multiple fallers
between the two groups.

The number of falls and the falls rate per person per
year in the two groups will then be compared using
negative binomial regression models, an approach that
takes into account all falls and adjusts for varying dur-
ation of follow up. Injurious falls, as defined above, will
be analyzed in the same way.

Secondary
All variables will be examined using descriptive statistics
to ensure they meet the assumptions necessary for para-
metric analysis. If not, non-parametric equivalent ana-
lyses will be used. Repeated measures ANOVA with
planned comparisons will examine between group differ-
ences in the secondary outcome variables and investigate
the effects of the intervention.

Trial registration and ethics approval
Ethical approval has been granted from the University of
Melbourne Human Research and Ethics Committee
(0824406). All participants will provide written informed
consent. The trial is registered on the Australian and
New Zealand Clinical Trials Registry (ACTRN1260800
0390381).

Discussion
This randomized controlled trial will establish the out-
comes and cost effectiveness of a short integrated re-
habilitation program of home-based therapy for people
with PD that integrates PRST, MST and falls education.
Providing therapy in the home may enhance participa-
tion in the study and allow people with PD with a range
of disabilities and levels of progression to access rehabili-
tation programs. The results will build on those from
our earlier study [27]. This compared the ability of MST
with falls education, and PRST with falls education to
reduce falls each relative to a control group who
received life skills education only. The results from the
current project will provide further information on the
effectiveness of home-based programs for people living
with PD.

Abbreviations
PD: Parkinson’s disease; H&Y: Hoehn and Yahr; MDS-UPDRS: Movement
Disorders Society-Unified Parkinson’s Disease Rating Scale; PDQ-
39: Parkinsons’ Disease Questionnaire – 39 items; EQ-5D: EuroQol-5D;
mRPE: Modified rate of perceived exertion; IR: Integrated rehabilitation;
LS: Life skills; MST: Movement strategy training; PRST: Progressive resistance
strength training; ICER: Incremental cost effectiveness ratio.

Competing interests
The authors declare that they have no competing interests.

Acknowledgements
This project is funded by NH&MRC grant number 509129.

Author details
1Department of Physiotherapy, The University of Melbourne, Carlton, VIC
3010, Australia. 2Musculoskeletal Research Centre, Faculty of Health Sciences,
La Trobe University, Bundoora, VIC 3086, Australia. 3Department of
Physiotherapy, Faculty of Health Sciences, La Trobe University, Bundoora, VIC
3086, Australia. 4Center for Health Economics, Monash University, Building 75,
Clayton, VIC 3800, Australia. 5Department of Neurology, Royal Melbourne



Morris et al. BMC Neurology 2012, 12:54 Page 6 of 7
http://www.biomedcentral.com/1471-2377/12/54
Hospital, Parkville, VIC 3052, Australia. 6Howard Florey Neurosciences Institute,
The University of Melbourne, Parkville, VIC 3010, Australia. 7Neurosciences
Department, Monash Medical Centre, Clayton, VIC 3168, Australia.
Authors’ contributions
MM, JMcG, FH, HM, JW, NT, AE, MH, PK conceived the idea for the study and
participated in the design of the study. CM and MD acted as project
managers and participated in subject recruitment and drafting of the
manuscript. MM, JMcG, FH, S-E S and HB drafted the manuscript for
submission and are involved in knowledge translation to clinicians. All the
authors have read and approved the manuscript.

Received: 5 April 2012 Accepted: 16 July 2012
Published: 16 July 2012
References
1. Keus SH, Bloem BR, van Hilten JJ, Ashburn A, Munneke M: Effectiveness of

physiotherapy in Parkinson's disease: The feasibility of a randomised
controlled trial. Parkinsonism Relat Disord 2007, 13(2):115–121.

2. Morris ME, Martin CM, Shenkman ML: Striding out with Parkinson's
disease: Evidence-based physical therapy for gait disorders. Phys Ther
2010, 90(2):280–288.

3. Nieuwboer A, Kwakkel G, Rochester L, Jones D, van Wegen E, Willems AM,
Chavret F, Hetherington V, Baker K, Lim I: Cueing training in the home
improves gait-related mobility in Parkinson's disease: the RESCUE trial. J
Neurol Neurosurg Psychiatry 2007, 78(2):134–140.

4. Understanding Parkinson's http://www.pdf.org/en/parkinson_statistics.
5. Hely MA, Morris JG, Traficante R, Reid WG, O'Sullivan DJ, Williamson PM: The

Sydney multicentre study of Parkinson's disease: progression and
mortality at 10 years. J Neurol Neurosurg Psychiatry 1999, 67(3):300–307.

6. Wielinski CL, Erickson-Davis C, Wichmann R, Walde-Douglas M, Parashos SA:
Falls and injuries resulting from falls among patients with Parkinson's
disease and other parkinsonian syndromes. Mov Disord 2005,
20(4):410–415.

7. Ashburn A, Fazakarley L, Ballinger C, Pickering R, McLellan LD, Fitton C: A
randomised controlled trial of a home based exercise programme to
reduce the risk of falling among people with Parkinson's disease. J
Neurol Neurosurg Psychiatry 2007, 78(7):678–684.

8. Wood BH, Bilclough JA, Bowron A, Walker RW: Incidence and prediction of
falls in Parkinson's disease: A prospective multidisciplinary study. J Neurol
Neurosurg Psychiatry 2002, 72(6):721–725.

9. Kerr GK, Worringham CJ, Cole MH, Lacherez PF, Wood JM, Silburn PA:
Predictors of future falls in Parkinson disease. Neurology
2010, 75(2):116–124.

10. Matinolli M, Korpelainen JT, Sotaniemi KA, Myllyla VV, Korpelainen R:
Recurrent falls and mortality in Parkinson's disease: A prospective two-
year follow-up study. Acta Neurol Scand 2011, 123(3):193–200.

11. Yarnall A, Rochester L, Burn DJ: The interplay of cholinergic function,
attention, and falls in Parkinson's disease. Mov Disord 2011,
26(14):2496–2503.

12. Howland J, Peterson EW, Levin WC, Fried L, Pordon D, Bak S: Fear of falling
among the community-dwelling elderly. J Aging Health 1993,
5(2):229–243.

13. Tinetti ME, Williams CS: The effect of falls and fall injuries on functioning
in community-dwelling older persons. J Geront: Med Sci 1998,
53(2):M112–M119.

14. Cumming RG, Salkeld G, Thomas M, Szonyi G: Prospective study of the
impact of fear of falling on activities of daily living, SF-36 scores, and
nursing home admission. J Geront: Biol Sci. Med Sci 2000,
55(5):M299–M305.

15. Friedman SM, Munoz B, West SK, Rubin GS, Fried LP: Falls and fear of
falling: Which comes first? A longitudinal prediction model suggests
strategies for primary and secondary prevention. J Am Geriatr Soc 2002,
50(8):1329–1335.

16. Mak MK, Pang MY: Balance confidence and functional mobility are
independently associated with falls in people with Parkinson's disease. J
Neurol 2009, 256(5):742–749.

17. Fletcher PC, Hirdes JP: Restriction in activity associated with fear of falling
among community-based seniors using home care services. Age Ageing
2004, 33(3):273–279.
18. Nilsson MH, Drake AM, Hagell P: Assessment of fall-related self-efficacy
and activity avoidance in people with Parkinson's disease. BMC Geriatr
2010, 10:78.

19. Lamont RM, Morris ME, Woollacott MJ, Brauer SG: Community walking in
people with Parkinson’s disease. Parkinsons Dis 2012 2012, doi:2012:856237

20. Wijlhuizen GJ, de Jong R, Hopman-Rock M: Older persons afraid of falling
reduce physical activity to prevent outdoor falls. Prev Med 2007,
44(3):260–264.

21. Rahman S, Griffin HJ, Quinn NP, Jahanshahi M: Quality of life in Parkinson's
disease: The relative importance of the symptoms. Mov Disord 2008,
23(10):1428–1434.

22. Martinez-Martin P, Arroyo S, Rojo-Abuin JM, Rodriguez-Blazquez C, Frades B,
de Pedro Cuesta J: Burden, perceived health status, and mood among
caregivers of Parkinson's disease patients. Mov Disord 2008,
23(12):1673–1680.

23. Schrag A, Hovris A, Morley D, Quinn N, Jahanshahi M: Caregiver-burden in
Parkinson's disease is closely associated with psychiatric symptoms, falls,
and disability. Parkinsonism Relat Disord 2006, 12(1):35–41.

24. Scuffham P, Chaplin S, Legood R: Incidence and costs of unintentional
falls in older people in the United Kingdom. J Epidemiol Community
Health 2003, 57(9):740–744.

25. Huse DM, Schulman K, Orsini L, Castelli-Haley J, Kennedy S, Lenhart G:
Burden of illness in Parkinson's disease. Mov Disord 2005,
20(11):1449–1454.

26. Morris ME: Movement disorders in people with Parkinson disease: A
model for physical therapy. Phys Ther 2000, 80(6):578–597.

27. Morris ME, Menz HB, McGinley JL, Huxham FE, Murphy AT, Iansek R,
Danoudis M, Soh SE, Kelly D, Watts JJ: Falls and mobility in Parkinson's
disease: Protocol for a randomised controlled clinical trial. BMC Neurol
2011, 11:93.

28. Morris ME, Iansek R, Kirkwood B: A randomized controlled trial of
movement strategies compared with exercise for people with
Parkinson's disease. Mov Disord 2009, 24(1):64–71.

29. Dibble LE, Hale TF, Marcus RL, Droge J, Gerber JP, LaStayo PC: High
intensity resistance training amplifies muscle hypertrophy and functional
gains in persons with PD. Parkinsonism Relat Disord 2009, 15(10):752–757.

30. Scandalis TA, Bosak A, Berliner JC, Helman LL, Wells MR: Resistance training
and gait function in patients with Parkinson's disease. Am J Phys Med
Rehabil 2001, 80(1):38–43. quiz 44–36.

31. Dibble LE, Hale TF, Marcus RL, Gerber JP, LaStayo PC: High intensity
eccentric resistance training decreases bradykinesia and improves
Quality Of Life in persons with Parkinson's disease: a preliminary study.
Parkinsonism Relat Disord 2009, 15(10):752–757.

32. Hirsch MA, Toole T, Maitland CG, Rider RA: The effects of balance training
and high-intensity resistance training on persons with idiopathic
Parkinson’s disease. Arch Phys Med Rehabil 2003, 84(8):1109–1117.

33. Toole T, Hirsch MA, Forkink A, Lehman DA, Maitland CG: The effects of a
balance and strength training program on equilibrium in Parkinsonism:
A preliminary study. NeuroRehabil 2000, 14(3):165–175.

34. Teixeira LEPP, Silva KNG, Imoto AM, Teixeira TJP, Kayo AH, Montenegro-
Rodrigues R, Peccin MS, Trevisani VFM: Progressive load training for the
quadriceps muscle associated with proprioception exercises for the
prevention of falls in postmenopausal women with osteoporosis: A
randomized controlled trial. Osteoporos Int 2010, 21(4):589–596.

35. Haines TP, Hill A-M, Hill KD, McPhail S, Oliver D, Brauer S, Hoffmann T, Beer
C: Patient education to prevent falls among older hospital inpatients: A
randomized controlled trial. Arch Intern Med 2011, 171(6):516–524.

36. Comans TA, Brauer SG, Haines TP: Randomized trial of domiciliary versus
center-based rehabilitation: Which is more effective in reducing falls and
improving quality of life in older fallers? J Geront: Med Sci 2010,
65(6):672–679.

37. Gillespie LD, Gillespie WJ, Robertson MC, Lamb SE, Cumming RG, Rowe BH:
Interventions for preventing falls in elderly people. Cochrane Database of
Systematic Reviews (Online) 2003, (4). doi:CD000340.

38. Shumway-Cook A, Silver IF, LeMier M, York S, Cummings P, Koepsell TD:
Effectiveness of a community-based multifactorial intervention on falls
and fall risk factors in community-living older adults: A randomized,
controlled trial. J Geront: Med Sci 2007, 62A(12):1420–1427.

39. Sadowski C, Jones CA, Gordon B, Feeny D: Knowledge of risk factors for
falling reported by patients with Parkinson disease. J Neurosci Nurs 2007,
39(6):336–341.

http://www.pdf.org/en/parkinson_statistics
http://dx.doi.org/2012:856237 
http://dx.doi.org/CD000340


Morris et al. BMC Neurology 2012, 12:54 Page 7 of 7
http://www.biomedcentral.com/1471-2377/12/54
40. Campbell AJ, Robertson MC, La Grow SJ, Kerse NM, Sanderson GF, Jacobs
RJ, Sharp DM, Hale LA: Randomised controlled trial of prevention of falls
in people aged > or =75 with severe visual impairment: The VIP trial. Br
Med J 2005, 331(7520):817.

41. Davis JC, Robertson MC, Ashe MC, Liu-Ambrose T, Khan KM, Marra CA: Does
a home-based strength and balance programme in people aged>or
=80 years provide the best value for money to prevent falls? A
systematic review of economic evaluations of falls prevention
interventions. Br J Sports Med 2010, 44(2):80–89.

42. Allen NE, Canning CG, Sherrington C, Lord SR, Latt MD, Close JC, O'Rourke
SD, Murray SM, Fung VS: The effects of an exercise program on fall risk
factors in people with Parkinson's disease: A randomized controlled trial.
Mov Disord 2010, 25(9):1217–1225.

43. Goodwin VA, Richards SH, Henley W, Ewings P, Taylor AH, Campbell JL: An
exercise intervention to prevent falls in people with Parkinson's disease:
A pragmatic randomised controlled trial. J Neurol Neurosurg Psychiatry
2011, 82(11):1232–1238.

44. Deane KH, Ellis-Hill C, Jones D, Whurr R, Ben-Shlomo Y, Playford ED, Clarke
CE: Systematic review of paramedical therapies for Parkinson's disease.
Mov Disord 2002, 17(5):984–991.

45. Ellis T, de Goede CJ, Feldman RG, Wolters EC, Kwakkel G, Wagenaar RC:
Efficacy of a physical therapy program in patients with Parkinson's
disease: A randomized controlled trial. Arch Phys Med Rehabil 2005,
86(4):626–632.

46. Li F, Harmer P, Fitzgerald K, Eckstrom E, Stock R, Galver J, Maddalozzo G,
Batya SS: Tai Chi and postural stability in patients with Parkinson's
disease. N Engl J Med 2012, 366(6):511–519.

47. Trend P, Kaye J, Gage H, Owen C, Wade D: Short-term effectiveness of
intensive multidisciplinary rehabilitation for people with Parkinson's
disease and their carers. Clin Rehabil 2002, 16(7):717–725.

48. Wade DT, Gage H, Owen C, Trend P, Grossmith C, Kaye J: Multidisciplinary
rehabilitation for people with Parkinson's disease: A randomised
controlled study. J Neurol Neurosurg Psychiatry 2003, 74(2):158–162.

49. Nieuwboer A, Rochester L, Muncks L, Swinnen SP: Motor learning in
Parkinson's disease: Limitations and potential for rehabilitation.
Parkinsonism Relat Disord 2009, 15(Supplement 3):S53–58.

50. Hoehn MM, Yahr MD: Parkinsonism: Onset, progression and mortality.
Neurology 1967, 17(5):427–442.

51. Folstein MF, Folstein SE, McHugh PR: “Mini-mental state”. A practical
method for grading the cognitive state of patients for the clinician. J
Psychiatr Res 1975, 12(3):189–198.

52. Bloem BR, Grimbergen YA, Cramer M, Willemsen M, Zwinderman AH:
Prospective assessment of falls in Parkinson's disease. J Neurol 2001,
248(11):950–958.

53. Goetz CG, Tilley BC, Shaftman SR, Stebbins GT, Fahn S, Martinez-Martin P,
Poewe W, Sampaio C, Stern MB, Dodel R, et al: Movement Disorder
Society-sponsored revision of the Unified Parkinson's Disease Rating
Scale (MDS-UPDRS): Scale presentation and clinimetric testing results.
Mov Disord 2008, 23(15):2129–2170.

54. Jenkinson C, Peto V, Fitzpatrick R, Greenhall R, Hyman N: Self-reported
functioning and well-being in patients with Parkinson's disease:
Comparison of the Short-Form health survey (SF-36) and the Parkinson's
Disease Questionnaire (PDQ-39). Age Ageing 1995, 24(6):505–509.

55. Peto V, Jenkinson C, Fitzpatrick R, Greenhall R: The development and
validation of a short measure of functioning and well being for
individuals with Parkinson's disease. Qual Life Res 1995, 4(3):241–248.

56. American College of Sports Medicine: Progression training of resistance
models for healthy adults. Medicine and Science in Sports and Exercise 2009,
41:687–708.

57. Commonwealth of Australia: Don't fall for it! Falls can be prevented. In
Edited by Ageing DoHa. A.C.T.: Commonwealth of Australia:
Barton; 2007:32.

58. The EuroQol Group: EuroQol: a new facility for the measurement of
health-related quality of life. Health Policy 1990, 16:199–208.

59. Clark RD, Lord SR, Webster IW: Clinical parameters associated with falls in
an elderly population. Gerontology 1993, 39(2):117–123.

60. Lamb SE, Jorstad-Stein EC, Hauer K, Becker C: Development of a common
outcome data set for fall injury prevention trials: The Prevention of Falls
Network Europe consensus. J Am Geriatr Soc 2005, 53(9):1618–1622.

61. Goetz CG, Fahn S, Martinez-Martin P, Poewe W, Sampaio C, Stebbins GT,
Stern MB, Tilley BC, Dodel R, Dubois B, et al: Movement Disorder Society-
sponsored revision of the Unified Parkinson's Disease Rating Scale (MDS-
UPDRS): Process, format, and clinimetric testing plan. Mov Disord 2007,0
22(1):41–47.

62. Fahn S, Elton RL, members of the UPDRS development committee: Unified
Parkinson's Disease Rating Scale. In Recent Development in Parkinson's
Disease. Volume 2. Edited by Fahn S, Marsden CD, Calne DB, Goldstein M,
Florham P. N.J: MacMillan Health Care Information; 1987:153–164.

63. Brooks R: EuroQol: the current state of play. Health Policy 1996,
37(1):53–72.

doi:10.1186/1471-2377-12-54
Cite this article as: Morris et al.: Protocol for a home-based integrated
physical therapy program to reduce falls and improve mobility in
people with Parkinson’s disease. BMC Neurology 2012 12:54.
Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit


	Abstract
	Background
	Methods/design
	Discussion
	Trial registration

	Background
	Methods/design
	Design
	Participants
	Power calculation and sample size
	Randomization and blinding
	Interventions
	Integrated rehabilitation program
	(a) Progressive resistance strength training
	(b) Movement strategy training
	(c) Falls education

	Life skills training
	Assessments
	Outcome measures
	Primary
	Secondary

	Economic evaluation
	Statistical analysis
	Primary
	Secondary

	Trial registration and ethics approval

	Discussion
	Competing interests
	Acknowledgements
	Author details
	Authors&rsquo; contributions
	References
	link_CR1
	link_CR2
	link_CR3
	link_CR4
	link_CR5
	link_CR6
	link_CR7
	link_CR8
	link_CR9
	link_CR10
	link_CR11
	link_CR12
	link_CR13
	link_CR14
	link_CR15
	link_CR16
	link_CR17
	link_CR18
	link_CR19
	link_CR20
	link_CR21
	link_CR22
	link_CR23
	link_CR24
	link_CR25
	link_CR26
	link_CR27
	link_CR28
	link_CR29
	link_CR30
	link_CR31
	link_CR32
	link_CR33
	link_CR34
	link_CR35
	link_CR36
	link_CR37
	link_CR38
	link_CR39
	link_CR40
	link_CR41
	link_CR42
	link_CR43
	link_CR44
	link_CR45
	link_CR46
	link_CR47
	link_CR48
	link_CR49
	link_CR50
	link_CR51
	link_CR52
	link_CR53
	link_CR54
	link_CR55
	link_CR56
	link_CR57
	link_CR58
	link_CR59
	link_CR60
	link_CR61
	link_CR62
	link_CR63


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.440 793.440]
>> setpagedevice


