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A randomised controlled study of whether setting specific goals improves the effectiveness of therapy in people with Parkinson’s Disease.
Abstract 
Objective: To evaluate the effects of an intervention based on a specific set of goals on goals attainment, manual dexterity, hand grip strength and finger prehension force compared to a standardized approach in patients with Parkinson’s disease. 
Design: Randomised controlled trial. 
Setting: Home-based.
Participants: 50 patients with a clinical diagnosis of Parkinson’s disease acknowledging impaired manual ability were randomized into two groups.  
Interventions: Patients in the experimental group (n=25) were included in an intervention focused on task components involving goals proposed by participants. Patients in the control group (n=25) received a standard intervention focused on impairments in range of motion, grasp and manipulation. Home condition and duration (4 weeks twice a week) were similar in both groups.
Main outcome measures: Primary outcome measure was goals achievement assessed using the Goal Attainment Scale. Secondary outcomes were manual dexterity evaluated with the Purdue Pegboard Test and hand grip strength and finger prehension force assessed using a dynamometer. 
Results: After 4 weeks, significant between-group improvement on goals attainment was found in the experimental group (change 17.36±7.48 vs 4.03±6.43, p<0.001). In addition, a significant improvement (p<0.05) in the experimental group was found on manual dexterity (post-intervention values in the most affected arm 10.55±1.95 vs 7.33±3.63 pins, p<0.001) and finger prehension force (post-intervention values in the most affected arm 8.03±1.93 vs 6.31±1.85 kg, p=0.010) compared to those patients included in the control group.
Conclusions: Targeting therapy towards specific goals leads to greater change in arm function than a standardized approach in people with Parkinson’s disease.
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Introduction
Goal setting is emphasized in rehabilitation, especially for patients with neurological conditions who often face multiple problems and long-term treatment.1 To have a goal may affect behavioral change through different mechanisms. It allows to direct attention and effort toward goal-relevant activities, increasing persistence and developing the use of relevant knowledge and strategies for meaningful tasks.2 Thus, goal-oriented approaches allow to make the intervention more patient-centered, taken into account individual patient preferences, needs and values.3 This involvement promote engagement, motivation, compliance and satisfaction.4,5
There are few evidence-based practical guides to goal setting in rehabilitation but there is still a lack of its systematic application in practice.6 Most previous studies of goal setting in neurorehabilitation have restricted their investigation to patients with stroke showing effectiveness on the improvement of skilled arm-hand performance.7,8 No previous study has focused on patients with Parkinson’s Disease. 
This neurodegenerative disorder involves a loss of nigrostriatal dopamine neurons.9  Recent studies have assessed the effects of dopamine systems on motivation and cognition, showing an important role in goal achievement guiding behavior towards goal through obtaining a reward or reinforcement.9,10 In patients with Parkinson’s Disease the loss of dopamine is greatest in the posterior putamen, a region of the basal ganglia associated with the control of habitual behaviour.11 Although the dynamics of dopamine release mediates cognitive functions required for goal-directed behavior,12 it remains unknown how goal-directed intervention may influence motor performance and consequently lead to improvements in the achievement of relevant activities of daily living.
Therefore, the objective of the study was to evaluate the effects of an intervention based on a specific set of goals on goals attainment, manual dexterity, hand grip strength and finger prehension force compared to a standardized approach in patients with Parkinson’s disease. We hypothesized that targeting therapy towards specific goals leads to a greater change in arm function than a standardized approach in people with Parkinson’s disease.

Methods
Design
The study was a parallel single-blinded randomised controlled trial performed between August and December 2016, home-based setting. The study received ethical approval from the University of Granada Ethics Committee and was registered in clinicaltrials.gov (reference DF0062UG, ID NCT02938819). Before being included in the study, patients were informed about the purpose and course of the study, and gave written informed consent to participate. The protocol was conformed to the standards for human experiments set by the Declaration of Helsinki. 
Patients with Parkinson’s Disease were recruited in person from the Parkinson’s Disease Association of Granada (Spain). Patients were selected according with the following inclusion criteria: diagnosis on the basis of clinical signs of Parkinson’s disease including the presence of a therapeutic response to levodopa and the United Kingdom Parkinson’s disease Society brain bank clinical criteria,13 to be aged older than 50 years, stage II-III of disease progression as defined by the Hoehn and Yahr scale,14 and reported arm impairment with at least on one hand a pathological Nine Hole Peg Test with two standard deviations above the mean normal values published by Oxford et al. at screening.15 Patients were excluded if they had history of and clinical signs of dementia or psychiatric disturbance, if they presented comprehension deficits that prevented them from following verbal commands, visual or acoustic limitations defined as a total or partial loss of sight or hearing, a diagnosis of a neurologic condition other than Parkinson’s disease, and musculoskeletal disorders and/or previous trauma or fracture of upper extremity.
Participants were randomly assigned to the following: 1) experimental or 2) control group. Eligibility was determined based on the inclusion criteria by a blinded assessor not involved in randomization to ensure concealed allocation.The randomization sequence was drawn up and kept off-site by a statistician who was not aware of the study aims, using a random number generator in blocks of eight with no stratification. The sequence of participants included in the experimental or control group was mailed from the statistician to the recruiter. The design of the study and participants’ distribution between groups is shown in Figure 1.
Please insert Figure 1
Measurements
Clinical and sociodemographic characteristics were collected at baseline to describe the sample. These measures included age, sex, body mass index, disease’s duration and levodopa dose. All the data were collected by an independent researcher who was blinded to the allocation group of patients at baseline and after the intervention program in the Faculty of Health Sciences.
Primary outcome measure was goal attainment.  Secondary outcomes were manual dexterity, handgrip strength and finger prehension force. Testing order was standardized among patients and testing sessions. Most and less affected arm was determined by self-report. Participants were instructed to follow their normal schedule of medications and physical activity, without starting any new exercise program or drug treatment throughout the course of the study. Pre and post testing was done one hour after patients took their usual medications for Parkinson’s disease (“on” state) in order to minimize motor fluctuations and variability of motor symptoms. 
Attainment of goals was assessed using the Goal Attainment Scaling (GAS).16,17 Patients were actively involved in the goal-setting process. The main problem areas involving arm use were identified and three mutually agreed goals tailored to individual patient needs and preferences were establish with help of assessor.18 An aggregated T-score with a mean of 50 and a standard deviation of 10 was obtained by applying the formula described by Turner-Stokes.19 This scale allows to identify and prioritize issues relevant to the performance of everyday living. These three goals were sent by email to the therapists of the experimental group by an independent researcher. In those patients included in the control group, this scale was used only as a pre-post intervention measure.
Manual dexterity was assessed using Purdue Pegboard test (Purdue Pegboard Test, model 32020; Lafayette Instrument).20 Patients were asked to place as many pegs (one task with the dominant hand, one with the non-dominant hand and one with both hands at the same time) as possible in 30 seconds. Assembly task involved the combination of a peg, a collar, and two washers in specific pegboard holes during 60 s. From all subtests the number of pieces was recorded. 
The hand-held JAMAR dynamometer and pinch meter were respectively used to assess handgrip strength and finger prehension force.21 Subjects performed three attempts for each measurement and the maximum value of the three trials (kilograms force) was recorded for both hands. There was a sixty seconds rest between the tests.
All patients were included in a 4-week home-based intervention conducted by a physical and occupational therapist blinded to the assessment, working together in order to receive in both interventions the same feedback from therapists and to be performed in similar backgrounds. In the experimental group, the therapist had a specific set of functional goals they were aiming for and  the goal-oriented intervention was based on tasks and task components, whereas in the control group the therapists were giving a standardised approach focused on range of motion, grasp and manipulation. Both interventions took place during 45 minute twice a week.
Interventions
Intervention group
Patients’ expectations, the observable target behavior and the environmental factors influencing the performance of the specific task were identified for each of the three tasks.  The individualized program consisted of repetitions of these activities aiming to improve the physical functions needed to achieve the goal in order to utilize strategies to enhance reaching, grasping, and manipulation.  The activities included the following steps: To look at the object or background before and during movement, as the object may act as a “visual cue” that activates upper-limb performance; to break the activity in parts and concentrate on performing each component separately; to avoid attending to distracting stimuli in the environment or performing a secondary task at the same time. To enhance generalizability of training, a number of variations of each task were practiced, with different object sizes, shapes, textures, and weights as well as variations in movement speed and object distance. Tasks were also designed to maintain muscle length and force development. 
If we take the example of dressing the upper body on their own as a goal, the intervention consisted of sequencing the activity in order to manage motor tasks: to pick up the shirt from wardrobe, to put it on and to button. Then, the specific components of reaching, bimanual function, manipulation and dexterity were trained including visual cues, increasing attention and practicing with different clothes such as shirts, pullovers or coat, depending on every patient’s needs. 
Control group
Those patients allocated to control group received a standard intervention focused on impairments in arm range of motion, grasp and manipulation without specific goals.  The participants performed active range of motion exercises for 15 minutes. Then, exercises of manual dexterity involving grasp and manipulation of small pieces such as marbles were performed for 15 minutes. Finally, stretching arm exercises during 15 minutes were included.

Statistical analysis
Based on a previous pilot study, we sampled for an effect size of at least 0.8. A sample size of 42 would be needed (80% power, 0.05 level of significance). Taken into account a hypothetical dropout rate, 50 patients were required. Statistical analyses were performed using the Statistical Package for Social Sciences software, version 20.0 (IBM Corp. Released 2011. IBM SPSS Statistics for Windows, Version 20.0. Armonk, NY: IBM Corp). Descriptive statistics were used to determine participant characteristics. Qualitative variables are presented as percentage (%) and quantitative variables as mean±standard deviation. Prior to statistical analysis, the Kolmogorov-Smirnov test was performed to assess the normality of continuous data. The analysis of variance ANOVA was used to assess differences for repeated measures. The statistical analysis was conducted at 95% confidence level.

Results
A total of 50 patients were randomly assigned to the intervention (n=25) or to the control group (n=25) (figure 1). There were no dropouts after treatment was started.  Patient clinical and sociodemographic characteristics are shown in table 1. Characteristics of participants included in each group are presented in table 1. Both groups exhibited similar characteristics. 
Please insert table 1

Pre to post intervention values for outcome measures are included in table 2. Goals attainment did not show significant between-group differences at baseline (p>0.05). The most common goals were buttoning performance (60% of patients), drinking from a glass (70% of patients) and dressing on their own (80% of patients). After intervention, a significant achievement was found in those patients included in the experimental group (p<0.001). Change was significantly higher in the patients who performed the oriented-goals intervention (mean change 17.36±7.48 in the experimental group and 4.03±6.43 in the control group, p<0.001) with a large effect size (Cohen d=1.91).
For manual dexterity, hand grip and finger prehension force no significant difference was found at baseline. After the 4-week intervention between-group manual dexterity score (Cohen’s d values ≥ 0.80) and finger prehension force (Cohen’s d values > 0.80) increased significantly in the experimental group. No significant between-group differences were shown for grip strength (Cohen’s d values ≤ 0.4) after the intervention. There were no adverse events reported by any patient. Additionally, clinicians did not report any difficulty related to the intervention process.
Please insert table 2



Discussion
This randomized controlled trial evaluating the effects of an intervention based on a specific set of goals compared to a standardised approach found that targeting therapy towards specific goals leads to a greater change. Specifically, the results show a significant change in the attainment of goals, manual dexterity and finger prehension force in those patients included in the experimental group. 
There is some evidence concerning the benefits of goal setting in rehabilitation, particularly around the use of goal attainment scaling as an outcome measure.22 Our results show that an intervention focused on specific goals, increase goals attainment and physical outcomes.  Motor learning studies have previously shown that there is capacity for people with Parkinson’s disease to learn a variety of motor tasks including functional activities.23,24 A common feature of these studies is the use of augmented feedback such as additional visual information, goal-directed data about performance or information about the movement itself.25 Furthermore, disease progression may have a mediator effect on motor learning. Specifically, Hadj-Bouziane et al.26 have reported that the late phase of learning corresponding to the emergence of habitual responses was more linked to disease severity that the early phase focused on goal-directed actions. The cerebellum has also revealed simultaneous increased learning-dependent activity, suggesting that the cortico-cerebellar system also mediates in the acquisition of motor sequences.27 In our sample, patients with stage II-III of disease progression in the experimental group showed a significant achievement in the performance of the relevant activities they have chosen.
Some authors hypothesized that success of task-oriented programs depend on the use of the specific training components.28 The context specificity of learning may be addressed by matching the learning environment as closely as possible to the daily functional situation.29 In addition, this intervention has a positive influence on motivation, an important factor that allows increased attention and exercise repetition.30 Home-based rehabilitation allows structured task-oriented practice on meaningful complex movements in a real-life environment.31  A review support that interventions to improve patient-centered care skills are largely successful in transferring new skills.32 In our 4-week intervention (6 hours), significant changes were found in the outcome measures evaluated in the experimental group. In addition, short-term training (less than 10 hours) has reported to be as successful as longer training.33
There were a number of limitations to this study, primarily small numbers of patients and limited duration of follow-up. As Parkinson’s disease is a degenerative disorder, future research should consider including replication with long-term follow up and a larger group. There was some overlap in the use of Goals Attainment Scaling as an outcome measure and as the source of those of goals implemented in therapy for the experimental group. In addition, it is not possible to generalize the findings from this study given the wide variety of symptoms and the variability of progression of the disease. However, not significant between-group differences were found at baseline and no adverse effects were reported. Nevertheless, the home condition, therapists’ feedback and the duration (4 weeks twice a week) was designed to be similar in both groups. Finally, we could not definitely establish whether differences between groups were attributable to task-oriented practice, context, learning theories or other component included in this approach. Goal-directed training is a patient-centered occupation-based approach underpinned by dynamic systems models of motor control and motor learning theories.34,35 The primary objectives of the goal-directed training approach are to increase patient’ abilities and improve functional tasks. This study provides a basis for further investigation of goal-oriented programmes examining the health benefits associated with this intervention in patients with Parkinson’s Disease. 

Clinical messages:
Targeting therapy towards specific goals leads go greater change in arm function. Patients with Parkinson’s Disease show more improvement in goals attainment if therapy is focused on a specific set of goals compared to a standardised approach.
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Figure 1. Recruitment, inclusion and assignment of patients.
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Table 1. Descriptive data.
	Variables 
	Experimental group
(n=25)
	Control group
(n= 25)
	p-value

	Sex
n (% males)
	17 (68)
	14 (56)
	0.187

	Age (years) (mean±SD)
	69.45±12.32
	71.78±5.80
	0.371

	BMI (Kg/cm2) (mean±SD)
	26.24±3.82
	27.59±3.93
	0.325

	Duration (years) (mean±SD)
	6.24±2.62
	7.17±2.03
	0.088

	Levodopa (mg) (mean±SD)
	765.46±333.27
	901.90±352.82
	0.130


BMI: Body mass index; SD: standard deviation.















Table 2. Pre to post-intervention values of outcome measures.
	
	Experimental group (n=25)
	Control group (n=25)
	
	

	
	Pre-intervention
	Post-intervention
	Pre-intervention
	Post-intervention
	Between groups p-value
	Cohen d 

	Goals attainment 

	Goals attainment scaling
	36.76±0.39
	54.14±7.42
	36.65±0.40
	40.69±2.49
	p<0.001
	1.91

	Dexterity

	Purdue Pegboard M (number of pins)
	8.45±1.09
	10.55±1.95
	8.22±3.46
	7.33±3.63
	p<0.001
	1.10

	Purdue Pegboard L (number of pins)
	6.53±1.69
	8.82±2.80
	6.06±1.79
	6.38±3.36
	0.012
	0.78

	Purdue Pegboard Bimanual (number of pins)
	7.24±2.07
	10.88±3.81
	6.52±2.73
	6.81±3.83
	P<0.001
	1.06

	Assembly task (number of pieces)
	14.27±2.74
	16.55±4.70
	12.67±5.88
	12.78±5.06
	0.004
	0.77

	Grip strength and finger prehension force (kg)

	Strength hand M
	23.53±11.28
	26.68±10.95
	24.41±4.99
	22.94±5.36
	0.110
	0.43

	Strength hand L
	22.43±9.34
	24.03±8.37
	24.06±7.13
	22.54±6.33
	0.449
	0.20

	Pinch Strength M
	6.39±3.28
	8.03±1.93
	6.02±1.70
	6.31±1.85
	0.010
	0.90

	Pinch Strength L
	5.74±2.04
	7.19±1.55
	5.74±1.98
	5.67±2.14
	0.001
	0.81


L: Less affected upper limb; M: Most affected upper limb. All the variables are expressed as mean±standard deviation.






image1.png
Enroliment Assessed for eligibility (n=55)

Excluded (n=95)
¢+ Not meeting inclusion criteria (n=3)

¢ Declined to participate (n=2)
¢ Other reasons (n=0)

Randomized (n=50)
Allocation
Allocated to control group (n=25)
¢ Received allocated intervention (n=25)

¢ Did not receive allocated intervention (n=0) ¢ Did not receive allocated intervention (n=0)

Allocated to experimental group (n=25)
¢ Received allocated intervention (n=25)

Analysis (at 4-weeks)

Analysed (n=295) Analysed (n=25)

¢ Excluded from analysis (n=0) ¢ Excluded from analysis (n=0)




