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Abstract

Purpose: To assess the feasibility of the novel intervention Ronnie Gardiner Rhythm and
Music (RGRM™) Method compared to a control group for patients with Parkinson’s disease.

Method: Eighteen patients, mean age 68, participating in a disability study within a
neurological rehabilitation centre, were randomly allocated to intervention group (n = 12) or
control group (n = 6). Feasibility was assessed by comparing effects of the intervention on
clinical outcome measures (primary outcome: mobility as assessed by two-dimensional
motion analysis, secondary outcomes: mobility, cognition, quality of life, adherence, adverse
events and eligibility).

Results: Univariable analyses showed no significant differences between groups following
intervention. However, analyses suggested that patients in the intervention group improved
more on mobility (p = 0.006), cognition and quality of life than patients in the control group.
There were no adverse events and a high level of adherence to therapy was observed.

Conclusions: In this disability study, the use of the RGRM™ Method showed promising
results in the intervention group and the adherence level was high. Our results suggest that
most assessments chosen are eligible to use in a larger randomised controlled study for
patients with Parkinson’s disease.
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Introduction
Music as therapy has been used for many years as an alternative method in patients with
Parkinson’s disease (PD) [1-3]. It has been proven useful in neurological rehabilitation [4-7].
Recent research has shown that listening to and performing music may affect many different
brain structures involving cognition, sensorimotor areas and even emotional processes [8-10].
Music therapy can be active, where participants sing, make movements and play instruments,
or passive, with participants listening to music [1, 2]. The focus of active music therapy lies
on functional skill redevelopment [5] and engages sensory processes, attention, memoryrelated processes, perception-action related mediation (mirror neuron system activity),
multisensory integration and social cognition [9]. It has also been suggested that active music
therapy may stabilize the disturbed sense of rhythm in patients with PD [2, 11].

PD is a progressive disease associated with neurodegeneration of the dopaminergic cells in
the basal ganglia, characterized by progressive motor impairment, a variety of cognitive
disorders, sleep disorders and depression [12, 13]. The management includes drug therapy
with levodopa [12], and in some cases neurosurgical treatment [14], but there is also
increasing support for the use of rehabilitation therapies such as physiotherapy [15] and
speech therapy [16]. Physiotherapy aims at increasing functional ability and minimizing
secondary complications by movement rehabilitation including transfers, upper limb
function, balance, gait and cognitive movement strategies, and thereby enhancing
independent living and quality of life [15, 17, 18]. A common and effective strategy to
improve gait performance and mobility is to apply external (auditory) cueing techniques [19].
Thaut and colleagues showed that rhythmic auditory stimulation during a gait-training
programme for patients with PD significantly improved gait velocity, stride length, and step
cadence compared to a control group [20]. Rhythm is a powerful stimulus for activity and
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several studies have shown that therapies including rhythm are beneficial for patients with
PD [6, 21-24]. In addition, it has been suggested that music may affect the reward system of
the brain [25].

The novel music-based movement therapy Ronnie Gardiner Rhythm and Music (RGRM™)
Method was developed in 1993, and has been implemented in rehabilitation and health care
centres in Sweden. The intervention focuses on exercises that challenge cognition and
sensorimotor control to improve mobility and coordination in patients with neurological
deficits through the use of rhythm and music. The recommended amount of training is twice
weekly for at least 12 weeks. Many patients with PD avoid participation in rehabilitation
therapies due to fear of falling, anxiety, lack of motivation or pain [26]. The RGRM™
Method is considered enjoyable, motivating and engaging and may help in increasing
motivation for rehabilitation. It is a complement to other rehabilitation methods and may be
used by physiotherapists as well as occupational or speech therapists. Physical abilities, like
weight shifting, rising from a chair, postural stability with secondary tasks and sequences of
action as well as kinaesthetic awareness are practiced through rhythmic, reciprocal
movements, all of which are suggested by King and colleagues [27]. The exercises are
performed preferably standing up, but can be done sitting down in chairs without armrest if
participants are unable to stand. It can be performed as class or individually. The method is
mentioned in the Swedish National Guidelines for Stroke [28] and there are a few small
theses that show positive effects on mobility, speech fluency and quality of life in patients
with stroke. This is the first study to evaluate the method in patients with PD, although the
method is frequently being used for individuals with PD.
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The purpose of this study was to examine the feasibility of and effects from the RGRM™
Method on mobility, cognition and quality of life in patients with Parkinson’s disease.

Methods

This study was a randomised, single-blinded disability study with pre- and post-test
evaluation. The study protocol was approved by the local Ethical Review Board and all
patients gave written informed consent to participate.

Patients
Patients were recruited from the Parkinson’s Society in the Swedish county of Ostergotland.
A maximum of 30 persons was initially set with the intention to allocate them into equally
large groups. Interested potential patients were screened to determine if they met the
following inclusion criteria: (1) diagnosis of PD; (2) any duration of PD; (3) any PD therapy
or treatment, but stable; (4) able to get down in a squatting position and to walk at least 10 m
without support; (5) correctable auditory and visual capability; and (6) able to access
transportation to and from research sessions. Exclusion criteria were (1) secondary or atypical
PD; (2) colour blindness; (3) severe depression; (4) participating in any other on-going study;
or (5) having ≥ 3 points per question in part I (evaluation of mood and initiative), in question
number 13-15 in part II (describing activities of daily life, specifically related to falling,
freezing and walking), and in question number 24-30 in part III (describing motor function,
specifically related to hand movements, leg agility, sit-to-stand, posture and gait) of the
Unified Parkinson Disease Rating Scale, UPDRS [29]. UPDRS is evaluated by interview and
clinical observation.
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Procedure

A pre-test evaluation including neurological examination was done two weeks prior to the
intervention and post-tests were done two weeks after intervention. Because of fewer eligible
patients than expected, and because of expected larger statistical variations in the intervention
group, it was decided to randomize the patients into different sized groups: intervention group
(n=12) and control group (n=6). An independent source, concealed from the researchers, used
a computer-based program for randomisation process. All assessments were done by the main
author and a PD nurse during the “on phase” of medication and neurological examination was
performed by a neurologist. All assessors were blinded to group allocation; however it was
not possible to blind patients or the RGRM™ practitioner. No change in medication was
allowed and no new activities were permitted during the study period. Patients in the control
group were offered to participate in a separate session of training with the RGRM™ Method,
once the study period was over.

Intervention program

The intervention comprised 12 supervised one-hour sessions over a period of 6 weeks (twice
weekly), and was provided as a class. The sessions of the intervention consists of three
phases. In the first phase, the program aims at relaxation and improving self-awareness as
well as focus and concentration accompanied by soft classical music, e.g. Mozart, while
doing breathing exercises and stretching movements. This phase also aims at establishing a
relationship to the RGRM™ practitioner and lasts approximately 5 minutes. The second
phase begins with simple rhythmical exercises like handclapping to music or metronome, in
order to ‘feel the beat’. It then progresses with exercises consisting of handclaps and foot6

stomping with left and right hand and/or foot to the sound of specially selected music. During
this phase patients follow the, for this method unique, "notes" in the shape of specific
symbols accompanied by specific sound enunciations. The symbols are shaped like hands or
feet, or a combination of hand and foot (18 in total) and are projected as large symbols
against the wall (figure 1). The colour red symbolizes the left side of the body and the colour
blue symbolizes the right side of the body.

Insert figure 1 about here.

The sound enunciations associated with the symbols are based on the sounds from a drum kit.
For example, if the “note” shaped as a blue hand is projected; this corresponds to tapping the
right thigh and simultaneously pronouncing the word “TING” (sound of cymbal). Each beat
of the music is accompanied by one of the “notes”. Specific choreoscores with notes
projected on the wall are followed beat by beat and the participants must stay focused all the
time in order not to lose track of where on the chorescore they are. The notes and
choreoscores can be used in various ways, e.g. in black and white or with letters only (for
example TING or TOOM without symbols) to increase the level of difficulty of the exercises.
The progression of the exercises is determined by the RGRM™ practitioner, but not
individualised. The choreoscores can be followed forwards, backwards or from the bottom to
the top in order to increase progression. Countless variations are possible and the
combination of the “notes” may frequently be changed to avoid habituation. This phase lasts
for approximately 50 minutes, and the exercises are alternated with just listening to or singing
to music. The third phase of the program lasts about 5 minutes and aims at relaxing and
finishing the session. The certified RGRM™ practitioner wears a special shirt where the back
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is coloured blue on the right side and red on the left side, aiming to reinforce the impression
of left and right side of the body.

Outcome measures

The UPDRS total [29, 30], Hoehn & Yahr stages [31], and Schwab & England scale [32]
were used as demographic variables. The primary outcome was mobility as measured by a
computer-based, two-dimensional motion analysis system based on the Posturo-LocomotionManual (PLM) method, developed for patients with PD [33]. Seven spherical markers (4 cm
diameter) covered with light-reflective tape are placed on standardized locations on the most
affected side of the body, the side of the head, shoulder, arm, hip and on both legs. The
patient is asked to move a small (500 g) object, also covered with reflective tape, repeatedly
(3 x 10 sets) as quickly as possible from a marked starting place on the floor, to a stand
located at chin level, 1.5 m in front of the starting place. Thus, the patient is forced to bend
when picking up the handle and rise to regain postural stability (figure 2). An opto-electronic
measurement system was used to record movement performance (PDMonitor, QbTech AB,
Gothenburg, Sweden). The markers’ position in two-dimensional space was recorded every
20 milli-seconds by the opto-electronic system using infrared flashlight. The test measures
postural stability (Posture), walking (Locomotion) and goal-directed arm movements
(Manual), which are all movements important for independence in activities of daily life [33].

Insert figure 2 about here.

Secondary outcomes were two further measures for mobility (Timed-Up-and-Go (TUG) [34],
and UPDRS motor score), quality of life using the Swedish version [35] of the Parkinson
8

Disease Questionnaire-39 summary index [36] (PDQ-39), and six measures for cognitive
ability. This was evaluated with the Cognitive Assessment battery (CAB) [37]. CAB provides
a cognitive investigation more thorough than traditional tests such as Mini Mental State
Examination, but less time-consuming than neuropsychological examinations [37]. In total,
CAB comprises five different domains; learning and episodic memory, speed and attention,
visuo-spatial functions, language, and executive functions. In order to assess feasibility and
evaluate cognitive changes practiced by the RGRM™ Method, a selection of six tests within
all domains were analyzed in this study: the Text recall test, the Symbol Digit Modalities Test
(SDMT), Clox and Cube, Naming 30 items, Stroop Color-Word Test and the Parallel Serial
Mental Operations, PaSMO (appendix). In addition, the certified RGRM™ practitioner kept
records of sessions, including detailed content of each session and progression within the
program, as well as adherence (participation in the RGRM™ therapy sessions) and
participant reports of any adverse events or discomfort.

Power and sample size

The sample size required to show a significant difference between groups for the primary
outcome, the PLM, was investigated. We expected an improvement of at least 5%. Given the
fact that this is the first feasibility study, there were no previous measures to be used.
Therefore, the results from this study were used to calculate the number of patients needed in
a larger study with similar design, assuming 80% power and a two-tailed type 1 error of 0.05.
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Statistical analysis

Data are presented as mean (SD) or median (IQR). The Mann-Whitney U-test was used to
test differences between groups and χ2 or Fisher’s exact test was used for differences in
proportions. Comparisons within groups were analyzed using Wilcoxon signed rank test. No
adjustments for multiple comparisons were made. A p value of 0.05 was considered to be
statistically significant. All analysis was performed using SPSS 17.0 (SPSS Inc., Chicago, IL,
USA). For power analysis the “Russ Lenth’s power and sample size page” was used [38].

Results

Eighteen patients, 8 men and 10 women, met the inclusion criteria and were recruited for the
study. The mean age was 68.2 ± 5.1 years, mean disease duration 8.8 ± 3.8 years, mean stage
on Hoehn & Yahr was 2.4 ± 0.7, mean Schwab & England was 84.4 ± 7.0 %, and mean score
on UPDRS total was 41.8 ± 11.4 points. Except for a small difference in Symbol Digit
Modalities Test, there were no significant differences between the two groups after
randomisation prior to intervention (table 1).

Insert table 1 about here.

Two patients were lost from the control group. One participant withdrew due to medical
complications unrelated to PD, and one was excluded after altered medication during the
intervention period. Adherence level was high: 93 %. No adverse events or other complaints
were reported. Figure 3 presents the flow of patients through the study.
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Insert figure 3 about here.

Univariable analyses showed no significant differences between groups following
intervention on any of the measurements. The results of the assessments prior to, and postintervention, can be seen in table 2.

Mobility
Significant improvements from pre-test to post-test were found in PLM movement time with
median -0.20 sec, p = 0.006 (max -1.08, min +0.20) and in UPDRS motor score (p = 0.003)
in the intervention group, whereas no significant changes were seen in the control group
(table 2). No significant differences were found in the TUG test in either group.

Insert table 2 about here.

Cognitive function
Significant improvements from pre-test to post-test were found in three cognitive tests in the
intervention group; verbal memory (Text recall test, p = 0.036), language (Naming 30 items,
p = 0.033), and executive function and attention (Stroop Color-Word test, p = 0.007), but no
significant improvements in the control group (table 2).

Quality of Life
Significant improvements from pre-test to post-test were found in perceived quality of life in
the intervention group (p = 0.031), but not in the control group (table 2).
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Power calculation
A power calculation was performed based on results of the PLM method with the assumption
of a true difference of means of 0.20 seconds. The level of power was set to at least 80 % and
level of significance to 5 %. The standard deviation was set to 0.31 based on results from the
intervention group. With the assumption of equally large groups, and with an expected dropout of 20 %, a number of 90 patients should be required in a future study with the same
design.

Discussion

To our knowledge this is the first study to evaluate the feasibility and effectiveness of
RGRM™ Method in patients with PD. The RGRM™ Method proved to be a feasible
intervention, in that adherence level was high (93%) of the intervention sessions. The results
revealed no statistical evidence for effect of treatment in the intervention group compared to
the control group concerning primary or secondary outcome measures. All assessments
chosen seemed eligible to use except for TUG, because all patients performed within normal
variation. The TUG usually provides a reliable measure of functional balance, as it combines
sequential motor actions which require components of functional capacity such as flexibility
and agility [39]. These components are very important to the performance of everyday tasks
such as standing up and sitting down, walking and turning. A better choice perhaps would
have been a modified version, the TUGmanual, where the subject carries a glass of water
while performing the test, especially because patients with PD often have difficulties in
dividing attention, i.e. “dual task” [40], which in a way the PLM test examines (patient
picking up an object before walking). These two tests (PLM and TUGmanual) may be a
better combination than TUG only.
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The authors hypothesized that training with the RGRM™ Method may improve mobility and
some intellectual functions which are typically impaired in PD, as well as improving quality
of life. This disability study has demonstrated that a 6-week RGRM™ program can produce
improvements in mobility and cognitive function as well as quality of life. Our findings are in
agreement with previous studies, where rhythmic elements have been used in patients with
PD [2, 20, 22-24]. Although not all our findings reached statistical significance, the results
may be clinically relevant.

It can be argued that a median improvement of 0.20 seconds in movement time of the PLM
test is of small clinical relevance. However, a major problem with PD is slow mobility. An
improvement of 10% (in this case 0.20 sec) median may be of considerable importance to
these patients in that it may facilitate all activities of daily living such as walking and
performing self-selected activities. One patient improved with 1.08 sec. Similar results have
been found by others [41]. This result was also supported by the equally improved results of
UPDRS motor function (part III). The correlation to UPDRS motor part has been found to be
high (r = 0.80) [33]. There is no reason to believe that there was a learning effect involved, as
the test only took five minutes to perform and there were almost 2 months between the testing
dates.

Cognitive impairments may be more difficult to cope with than motor impairments in
Parkinson’s disease [42], and it is therefore considered important to improve impairments
such as executive functions and memory. The intervention group improved significantly in
three out of six tests. The RGRM™ Method aims at stimulating mental flexibility, increasing
the ability to concentrate and achieving a general alertness. These components are quite
13

similar to, for example, the Stroop Color-Word test. It must, however, be taken into
consideration, that 12 out of 16 patients performed within normal variations on all tests in the
CAB, including the Stroop Color-Word test. The improvement in the Text recall test may be
a result of a general alertness due to the training itself. The test is however rather superficial
and future studies would gain upon including more thorough memory tests.

The intervention group also reported a significantly improved quality of life after the 6 week
period. It has previously been reported that PD patients sometimes avoid participation in
rehabilitation programmes due to lack of motivation or anxiety [26]. Music is known to elicit
emotional responses, as moving to music activates endorphin-related brain’s pleasure circuits
[25], and since the RGRM™ Method offers social interaction, as well as body awareness and
joy of movement through the deliberate use of music, it is possible that this method may
enhance the motivation to participate also in other rehabilitation programmes.

Study limitations

First, the small sample sizes may have given non-significant results, since there were only
four patients in the control group and very small changes may substantially affect the results.
Allocating patients into two equally large groups would probably have been a better option.
Second, the intervention period was only 6 weeks, instead of recommended 12 weeks. Third,
it can be argued that the intensity of the training was too low, as all patients were beginners.
It has been described that persons with PD often present substantial problems when starting a
training period due to poor coordination, balance and strength. Thus, exercise with PD
patients usually must start at lower levels of intensity in order to build self-confidence and
give adherence to the programme participation. In addition, all patients were members of the
14

Parkinson Disease Society. Most of these persons were curious about this method and given
the opportunity, they volunteered to participate, which makes it hard to generalize the results
on all persons with PD. The fact that they had a reason to get up, get dressed, travel, spend
time in the company with others (social interaction) etc, may also have affected the
intervention group in a positive direction (Hawthorne effect [43]). Indeed, the physical
activity per se, may give pleasure, increased social interaction, experience of one’s body and
increased self-confidence. However, this alone does not explain why they improved on the
mobility assessments as well as three of the cognitive tests and quality of life. Some
additional limits may be mentioned: the subjects were classified as having mild to moderate
PD according to the Hoehn & Yahr scale, making the results not applicable in patients more
severely affected by PD. Furthermore, no follow-ups were performed to see if improvements
were maintained.

Conclusion

Despite the small sample sizes and possible significant changes by chance, the present study
suggests that the RGRM™ Method may be a useful and appropriate treatment alongside with
traditional rehabilitation for patients with Parkinson’s disease. The adherence was high and
most assessments were applicable. Further larger studies are needed and power analysis
based on results of the present study, assuming a 20% drop out, suggests 90 patients would be
needed in future studies with similar design.
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placebos

change

the

patient's

brain.

Implications for rehabilitation
•

The RGRM™ Method appeared to be a useful and safe method that showed
promising results in both motor and cognitive function as well as quality of life in
patients with moderate Parkinson’s disease.

•

The RGRM™ Method can be used by physiotherapists, occupational, speech and
music therapists in neurological rehabilitation.

•

Most measurements were feasible except for Timed-Up-and-Go
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APPENDIX. Characteristics of the six tests chosen from the Cognitive Assessment Battery

Cognitive

Neuropsychological

domain and function

tests

Learning and episodic

Text recall test

memory

Possible difficulties

Aim of tests

Performing the tests

The episodic memory deterio-

Investigate if the sub-

A short text of two sen-

rates. Does not remember re-

ject consciously can

tences is read to the sub-

cent events, such as hearing a

take

information

ject. 10 minutes later the

text 10 minutes earlier.

and reproduce verba-

subject is asked to re-

tim afterwards.

produce the text verba-

in

tim.
Speed and attention

Symbol Digit Modalities

Mental and motor slowness:

To detect any difficul-

The subject has to fill in

Test (SDMT)

thinking and doing things take

ties in dividing atten-

numbers for different

longer time than earlier, diffi-

tion.

characters

different

tasks.

one

code key, as many as

culties in changing attention
between

under

It

possible in 90 seconds

seems impossible to “hurry
up”, even on command.
Visuospatial functions

Clox and Cube

The “inner map” is impaired,

To detect any visuo-

The subject is asked to

uncertainty around geographic

spatial impairments.

draw a clock with hands

orientation. More difficult to

and afterwards to copy a

read a map or read drawings as

picture of a cube.

well as reading the clock.
Language

Naming 30 items

Difficulties in finding the right

To detect any difficul-

The subject is asked to

words

ties in linguistic func-

name 30 objects. Clues

tion (language).

are given after 20 secs.

Impaired judgment, difficulties

Testing the executive

The subject is shown a

well as directed atten-

in planning and organizing;

function and concen-

sheet of words of co-

tion, mental vitality

makes life chaotic, lower capa-

tration.

lours written in a diver-

and flexibility.

city to make multiple tasks si-

gent colour, he then

multaneously, impaired impul-

must say “blue” if the

se control.

word “yellow” is writ-

spontaneously.

May

have difficulties in following a
normal conversation.
Executive function as

Stroop Color-Word Test

ten in a blue colour.
Executive function

Parallel

Serial

Mental

Operations (PaSMO)

Impaired judgment, difficulties

Testing the executive

The subject is asked to

in planning and organizing;

function and concen-

list the alphabet with

makes life chaotic, lower capa-

tration.

numbers in between; A-

city to make multiple tasks si-

1, B-2, C-3…, etc. as

multaneously, impaired impul-

quickly as possible.

se control.
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Table 1. Baseline characteristics of intervention group and control group, median and inter-quartile
range (q1; q3) and p-values for difference.

Intervention group

Control group

(n = 12)

(n = 6)

Outcome measure

P-value

Motor function
Timed-Up-and-Go (sec)

10.5 (8.3; 13.8)

10.0

(8.3; 11.8)

0.67

PLM movement time (sec)

2.07 (1.78; 2.81)

2.20

(1.88; 2.95)

0.54

UPDRS motor score (0-56 p)

19.0 (15.3; 25.0)

17.5

(8.5; 26.5)

0.62

Text recall test (0-21 p)

4.0

3.5

(0.8; 6.3)

0.54

SDMT (0-110)

36.0 (29.0; 41.5)

20.5

(15.0; 29.8)

0.03

Clox and Cube (0-12)

11.5 (9.3; 12.0)

10.5

(9.3; 11.8)

0.61

Naming 30 items (0-30)

28.0 (27.0; 28.8)

26.0

(21.5; 29.0)

0.22

Stroop Color-Word test (sec)

28.0 (22.0; 41.5)

30.5

(24.5; 54.5)

0.59

PaSMO (sec)

82.5 (65.5; 87.0)

122.5 (75.3; 277.8) 0.23

27.8 (16.7; 41.4)

29.8

Cognitive function
(3.0; 6.8)

Quality of Life
PDQ-39 (0-100 p)

(22.9; 38.7)

0.72

UPDRS: Unified Parkinson’s Disease Rating scale; PLM: Posturo-Locomotion-Manual;
SDMT: Symbol Digit Modalities Test; PaSMO, Parallel Serial Mental Operations;
PDQ-39: Parkinson’s Disease Questionnaire-39 summery index.
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Table 2. Changes from baseline to follow-up at week 6 on the outcome measures presented as median and inter-quartile (q1; q3) and p-values
for differences.

Baseline
Outcome measure

Baseline

P-value

Difference baseline/6 weeks

Between groups

Within groups

comparison

comparison

P-value

P-value

Motor function
PLM movement time (secs)

0.54

0.11

Intervention group

2.07 (1.78; 2.81)

- 0.20 (-0.34; -0.03)

0.006

Control group

2.07 (1.78; 2.81)

+ 0.03 (-0.24; +0.16)

0.715

Timed-Up-and-Go test (secs)

0.67

0.33

Intervention group

10.5 (8.3; 13.8)

- 0.5

(-2.0; +1.0)

0.163

Control group

10.0 (8.3; 11.8)

+ 1.0 (-2.3; +2.0)

1.000

UPDRS motor score (0-56 p)

0.62

0.47

Intervention group

19.0 (15.3; 25.0)

- 4.5

(-8.8; -3.3)

0.003

Control group

17.5 (8.5; 26.5)

- 8.5

(-14.0; 0.0)

0.144

Cognitive function
Text recall test (0-21 p)

0.54

0.63

Intervention group

4.0

(3.0; 6.8)

+ 3.5 (-1.5; +4.8)

0.036

Control group

3.5

(0.8; 6.3)

+ 2.3 (+1.3; +2.9)

0.068

Symbol Digit Mod. Test (0-110)

0.03

0.18

Intervention group

36.0 (29.0; 41.5)

+ 1.5 (-4.0; +2.8)

0.753

Control group

20.5 (15.0; 29.8)

+ 3.5 (+3.5; +12.3)

0.144

Clox and Cube (0-12)

0.61

0.21

Intervention group

11.5 (9.3; 12.0)

± 0.0 (-0.8; +1.8)

0.287

Control group

10.5 (9.3; 11.8)

- 0.5

0.157

Naming 30 items (0-30)

(-1.0; 0.0)

0.22

1.00

Intervention group

28.0 (27.0; 28.8)

+ 0.5 (0.0; +2.0)

0.033

Control group

26.0 (21.5; 29.0)

+ 1.0 (0.0; +2.0)

0.157

Stroop Color-Word test (sec)

0.59

0.54

Intervention group

28.0 (22.0; 41.5)

- 2.0

(-8.0; -0.3)

0.007

Control group

30.5 (24.5; 54.5)

- 0.5

(-16.5; +2.8)

0.581

PaSMO (sec)

0.23

0.13

Intervention group

82.5 (65.5; 87.0)

- 6.5

(-17.0; +1.0)

0.054

Control group

122.5 (75.3; 277.8)

- 22.0 (-24.0; -6.5)

0.066

Quality of Life
PDQ-39 (0-100)

0.72

0.47
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Intervention group

27.8 (16.7; 41.4)

- 3.6

(-6.8; +0.6)

Control group

29.8 (22.9; 38.7)

- 7.3 (-11.9; +12.8)

0.031
0.715

PLM, Posturo-Locomotion-Manual-test; PaSMO, Parallel Serial Mental Operations.
To be noted: A minus sign on the PLM, UPDRS, Timed-Up-and-Go, Stroop Color-Word, PaSMO and PDQ-39 equals improvement; a plus
sign on the Text recall test, Symbol Digit Modalities Test, Clox and Cube and the Naming test equals improvement.
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Figure 2. PLM methods’ different parts; posture (rising from a squatting position), locomotion
(walking forward), manual (targeted arm movement).
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Figure 3. Recruitment of study patients.
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