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Abstract 

Introduction: En bloc turning highlights a lack of rotational intersegmental 

coordination, which commonly impacts turning ability in people with Parkinson's disease 

(PD). Whilst this turning deficit responds fairly well to medical treatment, it may be 

further mitigated by performing specific exercise training. Thus, the present study aimed 
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to examine the effects of a four-week exercise program, which focused on task-specific 

movements (TSM program) on turning ability and clinical outcomes in people with PD.   

Methods: Twenty-two adults (67 ± 6 years) with early-to-mid-stage idiopathic PD were 

randomly assigned to an experimental group (EG; n = 11) or a control group (CG; n = 

11). The EG group received a 60-min per session TSM program for 4 weeks (a total of 

15 sessions), while the CG group performed their routine rehabilitation program (a total 

of 12 sessions). Inertial measurement units were used to measure turning kinematics 

including; onset latency of body segments and stepping characteristics. Clinical 

outcomes included the Unified Parkinson's Disease Rating Scale (UPDRS), functional 

reach test (FRT), and fall efficacy scale international (FES-I). Assessments were 

conducted at baseline and after 4 weeks.  

Results: In the EG, turning kinematics, UPDRS scores, FRT, and FES-I scale, were 

improved at the end of the 4-week program compared with the CG (all p<0.05). 

Impact Statement: A 4-week TSM program could be a promising alternative 

rehabilitation program for improving “en bloc” turns and clinical outcomes in PD 

patients. 

 

Keywords:  IMUs; turning kinematics; fear of falling; UPDRS scores; task-specific 

 

1. Introduction 

Axial rigidity is a common symptom of Parkinson disease (PD). It is characterized by 

segmental rigidity with reduced trunk rotation and altered timing of segmental co-

ordination (Huxham et al., 2008; Cano-de-la-Cuerda et al., 2011; Hulbert et al., 2015). 

High and unadaptable axial tone or rigidity might contribute to mobility problems, 
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including turning difficulties, imbalance while walking, and increased risk for falls 

(Schenkman et al., 1998; Cano-de-la-Cuerda et al., 2011; Hulbert et al., 2015; Weaver et 

al., 2016). Unlike turning in healthy adults (Hollands et al., 2004; Anastasopoulos et al., 

2011), turning in PD patients is a simultaneous rotation onset of the axial segments rather 

than the normal top-down sequence and represented “en bloc” movement strategy 

(Hulbert et al., 2015). Indeed, they turn more slowly and tend to move all segments of 

their body together in a near-simultaneous rotation resulting in a shuffling walking style 

(Huxham et al., 2008; Lohnes &Earhart, 2011).  

For improving functional mobility in PD, levodopa therapy and deep brain stimulation 

are commonly prescribed treatments. However, the effectiveness of these treatments is 

equivocal (Schenkman et al., 1998a; Tomlinson et al., 2014). Recently, combining 

medications with therapeutic exercise has shown promise in decreasing axial rigidity and 

has been recommended for neuro-rehabilitation of PD patients (Schenkman et al., 1998a; 

Cano-de-la-Cuerda et al., 2011; Tomlinson et al., 2014). Since, people with PD have 

multiple aspects of the postural control system impairment (van der Kolk &King, 2013), 

the feasibility of specific exercise focused on the particular impairments has been carried 

out (Schenkman et al., 1998a; Dibble et al., 2006; Ashburn et al., 2007; Stozek et al., 

2016; Rawson et al., 2019). For example, Schenkman et al. designed a specific exercise 

program in which patients learned to move in relaxation manner of the appropriated 

muscles and demonstrated improvements in functional axial rotation, functional reach, 

and 360 degrees turn following 10 weeks of the program (Schenkman et al., 1998). From 

a short report of Cheng et al. (Cheng et al., 2016), they compared two specific exercise 

programs (i.e., balance and strengthening exercise and turning-based treadmill exercise 

programs) with general exercise in individuals with PD and found that those two specific 
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programs showed faster turning time (+33% changes in specific exercise, and +35% 

changes in turning-based training) than general exercise within a month of training. To 

the best of the author's knowledge, the effects of task specific movement exercise 

program on an improvement of en bloc turns in PD patients is not yet reported. The 

present study, therefore, hypothesized that the exercise program focusing on task-specific 

movements (TSM) could provide more benefits on “en bloc” turns and functional 

outcomes than the general exercise program in PD patients. Our study aimed to determine 

the effects of a 4-week TSM exercise program on turning kinematics (i.e., onset latency 

of body segments and stepping characteristics) and clinical outcomes (i.e., the Unified 

Parkinson’s Disease Rating Scale (UPDRS), functional reach test (FRT), and fall 

efficacy scale international (FES-I)) in individuals with early-to-mid-stage of PD.  

 

2. Methods 

2.1 Study design and setting 

 In this assessor blinded parallel-group randomized controlled trial, it was estimated that 

a total of 24 patients (12 per group) would enable the detection of large effect size (f = 

1.594), assuming an α of 0.05, a statistical power (β) of 0.95, a critical t (18) of 2.07, and 

Lambda of 3.89 (G*Power 3.1.9.2).  

 

2.2 Participants 

Twenty-two older adults (age: 67 ± 6 years) diagnosed with idiopathic PD were recruited 

from the Movement Disorders clinic at a University Hospital. Patients were matched by 

age range and PD severity and randomly assigned to either an exercise group (EG: n = 

11) or a control group (CG: n = 11) using a computer-generated program. The inclusion 
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criteria included patients who were; clinically diagnosed with 1.5-3 stage PD using the 

modified Hoehn and Yahr (H&Y) scale, stable without anti-PD medications for at least 

one month to keep the dosage of antiparkinsonian medications at a consistent level which 

allowed us to evaluate the effect of the exercise and try to minimize any confounding 

effect due to changes in dosage of antiparkinsonian medications, could walk 

independently without an assistive device, and/or could follow commands and 

instructions. The exclusion criteria included; patients with dementia or other neurological 

or cardiopulmonary diseases, musculoskeletal problems, signs of the wearing-off 

phenomenon, any clinically significant medical conditions, and attending rehabilitation 

programs during participation in this present study.  

 

2.3 Experimental procedures 

After the explanation of the exercise protocol, testing procedures, and benefits and 

possible risks of the study, informed consent forms were signed. The study conformed 

to the Declaration of Helsinki and was approved by the local Institutional Review Board 

Ethics Committee. The study followed CONSORT guidelines (Figure 1). After obtaining 

the informed consent, participants were randomly allocated to one of two groups; an 

exercise group (EG) or a control group (CG). All parameters were evaluated at baseline 

and after the 4-week completion of the exercise programs. 

 

[Insert Figure 1] 

 

2.4 The exercise intervention 
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The TSM program was approved by two physiotherapists who specialize in PD 

rehabilitation and designed following the American College of Sports Medicine (ACSM) 

guidelines for individuals with PD (Moore G., 2016). The TMS program was composed 

of three phases. The 1st phase consisted of three supervised exercise sessions per week 

in the first two weeks, followed by the 2nd phase which comprised of two supervised and 

two home-based exercises per week in the third week, and the 3rd phase which comprised 

of five home-based exercises per week in the last week (Figure 2). The exercise program 

comprised of a 15-minute warm-up, a 60-minute TSM exercise intervention, and a 15-

minute cool-down period. The main TSM exercise intervention consisted of 1) a 45- 

minute segmental rotation in different positions to increase flexibility and mobility of the 

body segments, 2) a 5-minute throwing-task movement to increase balance and challenge 

body movements, and 3) a 10-minute specific-turning-task exercise to increase the range 

of axial movements between segments and turning movements (Figure 2).  

 

[Insert Figure 2] 

 

Within four weeks, the patients in the EG performed a total of 15 TSM exercise sessions, 

comprising of 8 sessions under the supervision of a physical therapist and 7 sessions of 

home-based exercise. In addition, all patients were asked to record their exercise routine 

on an exercise diary form. The CG was instructed to continue their routine medication. 

The researcher followed up once a week to assess their compliance with the study 

protocol. 

 

2.5 Assessments 
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2.5.1. Turning kinematics assessments 

The Inertial Measurement Units (IMUs) (x-IMU, x-io Technologies Ltd., UK) have been 

previously used to assess turning kinematics in PD and all turning kinematics and 

stepping characteristics variables were analyzed using a previously validated 

methodology (Khobkhun et al., 2020). The IMU sensors were attached to the center of 

the head, middle thorax, and the center of the feet to determine the angular displacement 

of these segments regarding a global coordinate system. Turning kinematics, including 

onset latencies of body segments and stepping characteristics were recorded while 

participants performed a standard turn on level ground through 180°. In addition, onset 

latency of each body segment is a time point fitting all the onset criteria which directly 

preceded the sustained rotation, and was determined as the onset latency for each 

segment, with a shorter duration showing a more positive outcome. Furthermore, 

segment onset latencies are typically measured in order to determine the sequence of 

reorientation during turning. For the directions of turning, participants were asked to turn 

as fast as possible following the video animation. Each participant performed a total of 

10 turn trials to the left and right which were randomly selected. MATLAB (R2019b) 

programming environment scripts were used to analyze all measures from the kinematic 

datasets, using the following as dependent variables: 1) Reorientation onset time of the 

head, trunk, and feet, as markers of axial segment coordination, and 2) Tempo-spatial 

stepping characteristics; step onset, step frequency, step size, the total number of steps 

during turning, and turn duration.  The criteria to determine the rotation onset time, end 

time, and all dependent variables for each segment and individual stepping 

characteristics, were calculated using a previously published methodology (Robins 

&Hollands, 2017; Khobkhun et al., 2020). 
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Kinematic data were passed through a dual fourth-order Butterworth low pass filter using 

a cut-off frequency of 6 Hz. The displacement profiles were differentiated to yield 

velocity and acceleration profiles for each segment. The rotation onset for each segment 

was defined as the earliest time point that angular displacement was > 0° and < 5°, 

coinciding with an angular velocity > 0° per second (s). The end of the rotation was 

determined as the zero crossings in the velocity profile at the end of the movement. 

 

As turn trials varied in duration, time-normalized profiles were created for the axial 

segments by using the onset and offset latencies from the head and thorax, which were 

calculated from the onset of head and thorax reorientation to the offset of overall heading 

trajectory. For the normalization procedure, the earliest onset latency and the final axial 

offset latency were chosen. A customized MATLAB function performed normalization, 

increasing each time series to 1000 data points (i.e., longer than all individual time series) 

and interpolated the missing data points, thus enabling comparison of segment 

kinematics over the entirety of the turning movement.  

 

Individual steps were analyzed, and step onsets were defined as 1) a positive preceding 

zero-crossing and 2) a negative zero-crossing following a velocity value that reached 

15% of the maximum angular foot yaw velocity (Robins &Hollands, 2017). Each step 

onset was then determined as the step interval's first frame with a velocity equal to or 

greater than 30 deg/s. Following the individual step's peak velocity, step end-time was 

defined as the first frame at which velocity fell below 30 deg/s. Thereafter, individual 

step characteristics were determined from step onset to step end. The average step size 
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was measured from the yaw rotation of the foot during the swing phase in each step while 

turning. The total number of steps during turning was counted from the first step to the 

completion of the turn. the onset of the first step to the last foot placement during the 

turn. Finally, the step frequency was calculated from the number of steps taken divided 

by turning duration. All the aforementioned data analyses were performed using a 

previously published methodology (Robins &Hollands, 2017; Khobkhun et al., 2020). 

 

2.5.2 Clinical outcome assessment 

 2.5.2.1 The Unified Parkinson's disease Rating Scale (UPDRS)  

The UPDRS is the most specific and widely used scale for quantifying the overall 

severity of PD. The UPDRS total score, motor, and rigidity scores were utilized 

(Schenkman et al., 1997). Each item has multiple ratings: 0 for normal or no problems, 

1 for minimal problems, 2 for mild problems, 3 for moderate problems, and 4 for severe 

problems. The higher scores indicate more severe PD problems in individuals. 

 

 2.5.2.2 Functional Reach Test (FRT) 

The FRT is an assessment tool for ascertaining dynamic balance in one simple task. The 

test is predictive of falls (Duncan et al., 1992) and can be used reliably with individuals 

who have PD (Schenkman et al., 1997). To conduct measurements, participants were 

asked to stand with their dominant arm at 90 degrees of shoulder flexion. Next, they were 

instructed to reach out as far forward as possible along with the scale measurement 

without taking a step, while the researcher recorded the value on the scale (Demura 

&Yamada, 2007). Participants were allowed two practice attempts before performing 3 

test trials. 
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 2.5.2.3 Fall Efficacy Scale International (FES-I). 

The FES-I is a self-report questionnaire, which is used to assess the fear of falling in the 

elderly population (Dewan &MacDermid, 2014).  Participants were asked to rate the 16 

items of the questionnaire on a four-point Likert scale depending on their concerns (1 = 

not at all concerned to 4 =  very concerned)  about the possibility of falling when 

performing 16 activities.  The highest possible total score was 64 indicating greater fear 

of falling. 

 

2.6 Statistical analysis 

Shapiro-Wilk tests were used to examine the normality of the data, and all data were 

found to be suitable for parametric testing. In addition, the sphericity of data were 

considered using Mauchly’s test of sphericity, and where the sphericity assumption was 

violated Greenhouse-Geisser corrections were used. Independent t-tests were performed 

to compare the means and differences of each dependent variable at baseline assessment. 

A two-factor mixed model analysis of variance (MM ANOVA) was used to evaluate the effect 

of treatment groups (CG, EG) and time (baseline, post-assessment). Any interactions 

between group and time were revealed using post-hoc paired t-tests with a Bonferroni 

correction to determine any differences within each group between the time points. The 

observed effect size was expressed as partial eta squared (ηp
2), with values of 0.1-0.29, 

0.3-0.49, and p>0.05, representing a small, medium, and large effect size, respectively 

(Cohen, 1992). The statistical significance level was accepted at p<0.05. Data for 

baseline characteristics are reported as the mean ± SD, and all other variables are reported 

as mean ± SEM. All analyses were performed in SPSS version 24.0 (SPSS inc., Chicago, 

IL, USA). 
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3. Results 

The patient's baseline characteristics are shown in Table 1. The patient's age, body mass 

index, modified H&Y Scale, and PD onset, were similar between the two groups. The 

patients were classified as being in the early-to-middle PD stage (H&Y stages 1.5 to 3), 

which are associated with axial rigidity and motor problems (Schenkman et al., 2001; 

Jankovic, 2007). Independent t-tests showed no significant differences between the EG 

and the CG groups at baseline for; turning kinematics, the UPDRS scores, the FRT and 

FES-I scale (p> 0.05) (Table 1).  

 

Table 1. Comparison of baseline characteristics and variables of the participant 

between the exercise (EG) and control (CG) groups. 

Variables 
EG (n=11) 
mean ± SD   

CG (n=11) 
mean ± SD p-value 

Gender (male/female) 4/7 7/4 - 
Age (years) 67.45 ± 5.26 65.73 ± 5.92 0.910 
Hoehn and Yahr Scale 2.32 ± 0.46 2.32 ± 0.46 1.00 
Body Mass Index (BMI) (kg/m2) 23.32 ± 2.79 23.65 ± 4.68 0.114 
PD onset (years) 6.24 ± 3.35 6.96 ± 3.81 0.640 
Turning kinematics  
Head onset (s) 0.72 ± 0.13 0.61 ± 0.22 0.199 
Thorax onset (s) 0.74 ± 0.15 0.73 ± 0.35 0.947 
Eye onset (s) 0.79 ± 0.17 0.72 ± 0.21 0.453 
Leading foot onset (s) 1.02 ± 0.22 0.91 ± 0.32 0.323 
Trailing foot onset (s) 1.52 ± 0.22 1.42 ± 0.32 0.421 
Stepping characteristics 
Total step (n) 6.51 ± 4.48 6.74 ± 3.19 0.892 
Step duration (s) 3.62 ± 1.50 3.52 ± 0.95 0.846 
Step Frequency (n) 1.82 ± 0.39 1.88 ± 0.43 0.727 
Step size (º) 65.78 ± 18.96 61.55 ± 21.37 0.629 
Turn speed (ºs-1) 55.74 ± 17.39 54.24 ± 12.59 0.819 
Clinical ability variables 
UPDRS Total Score(score) 37.36 ± 7.34 37.64 ± 7.68 0.933 
UPDRS Motor Score (score) 22.91 ± 4.87 21.00 ± 4.31 0.342 
UPDRS Rigidity Score (score) 2.09 ± 0.70 1.73 ± 0.65 0.220 
FRT (inch) 7.55 ± 1.73 7.34 ± 1.98 0.627 
FES-I (score) 32.45 ± 7.13 31.09 ± 5.74 0.794 

Abbreviation :BMI  =Body Mass Index; kg  =kilogram; m2 = square meter, s = second, 
°s-1= degree per second, ° = degree, n  =number of step 
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For turning kinematics assessments, the MM ANOVA tests revealed significant 

interactions between group and time on the mean onset of latency for all segments (head: 

F(1, 20) = 9.83, p<0.05, ηp
2 = 0.42; thorax: F(1, 20) = 7.84, p<0.05, ηp

2 = 0.34; leading foot: 

F(1, 20) = 2.69, p<0.05, ηp
2 = 0.17 and trailing foot: F(1, 20) = 2.39, p<0.05, ηp

2 = 0.43). 

Further post-hoc analysis using paired t-tests found that the mean onset of latency 

significantly decreased (p<0.05) between the baseline assessments and post-assessments 

in the EG group only (Figure 3).  

 

The comparison of turning speed, step size, total step and step duration at baseline and 

post-assessments between the two groups are shown in Figure 3. The MM ANOVA tests 

revealed significant interactions between group and time for step size (F(1, 20) = 9.60, 

p<0.05, ηp
2= 0.32), total step (F(1, 20) = 3.18, p<0.05, ηp

2= 0.14), step duration (F(1, 20) = 

6.54, p<0.05, ηp
2 = 0.25) and turn speed (F(1, 20) = 7.69, p<0.05, ηp

2 = 0.22). Further post-

hoc analysis using paired t-tests found significant improvements (p<0.05) in step size, 

total step and step duration in the post-assessment compare to the baseline in the EG 

group. 

[Insert Figure 3] 

 

The MM ANOVA also showed interactions between group and time for the UPDRS 

variables (total score (F(1, 20) = 63.68, p<0.001, ηp
2 = 0.76), motor score (F(1, 20) = 21.91, 

p<0.001, ηp
2 = 0.53), rigidity score (F(1, 20) = 18.52, p<0.001, ηp

2= 0.48) (Figure 4). 

Further post-hoc analysis using paired t-tests revealed that there was a significant 

decrease (p<0.05) in UPDRS total scores, UPDRS motor scores and UPDRS rigidity 
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scores between the baseline and post-assessments within the EG group (Figure 4), 

showing an improvement of PD severity in the EG group. In addition, a significant group-

time interaction was found for FRT (F(1, 20) = 26.19, p<0.001, ηp
2 =0 .57) and FES-I (F(1, 

20) = 24.12, p<0.001, ηp
2 = 0.55) when compare the EG to the CG at post-assessment. 

Further, post-hoc tests revealed that there was a significant increase (p<0.05) in FRT, 

demonstrating an improved balance and also spinal mobility and in the EG group, 

whereas there was a significant decrease (p<0.05) in FES-I between the baseline 

assessments and post-assessments in the EG group, showing a reduction of fear of falling 

(Figure 4). 

 

[Insert Figure 4] 

 

4. Discussion 

The main finding of this study was that a 4-week specific home-based exercise program, 

which focused on task-specific movements, could improve en bloc turning and clinical 

outcomes in people with early-to-mid stage PD.  

 

En bloc turning is an impairment of segmental coordination of rotation, whereby PD 

patients reduce the dimensionality of the interconnected chain of axial segments to create 

a degree of freedom while turning (Cano-de-la-Cuerda et al., 2011; Hulbert et al., 2015). 

This is the first study to demonstrate the feasibility of using the IMUs to measure turning 

kinematics in a clinical setting. The results elucidated that before training, PD 

participants reoriented their whole-body segments simultaneously during 180° turning, 

rather than a typical top-down sequence indicating an en bloc movement pattern. 
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However, after four weeks of the TSM program, the results showed a decrease in onset 

latencies for all segments and faster turning speeds in the EG compared to the CG who 

only perform a routine rehabilitation program. This result could be explained by the fact 

that the repetition of the desired movement and task-specific training should enhance 

motor learning by reducing the complexity of motor planning and decreasing the reliance 

on sensory feedback (Behm et al., 2004; Bartolo et al., 2010; Petzinger et al., 2013).  

 

Task-specific training is one of the concepts of motor learning and may induce cellular 

or/and molecular plasticity changes by form either short-term and/or long-term memory 

which related to change in motor planning and sensory feedback. The formation 

processes of short-term memory include: 1) changes in the excitation-secretion coupling 

at the presynaptic level through phosphorylation and Ca2+ influx; 2) Ca2+ influx at the 

postsynaptic level and increased neurotransmitter release (Petzinger et al., 2013). If 

short-term memory is reinforced, it will be transformed to be long-term memory. The 

sustained stimulation leads to persistent activation of the protein kinase A (PKA) and 

MAP kinase Erk (MAPK) pathways (Petzinger et al., 2013). These changes express 

proteins involved in protein synthesis, axon growth, synaptic structure and function in 

related neural circuits. Therefore, this motor learning process may be evoked by our task-

specific training and improve short-term memory in individuals with PD. 

 

Consistent with our results, Cheng et al. (2016) reported that the beneficial effects of a 

turning-based training program using a rotational treadmill could improve turning time 

in participants with PD. Also, Stozek et al. (2016) found that a specific exercise program 
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focused on mobility, balance, and gait training could increase the range of trunk rotations 

in PD. Therefore, our results indicate that a 4- week specific exercise program focused 

on segmental rotation and task-specific movement training could have benefits on 

turning kinematics and in turn improve en bloc turning in PD. Furthermore, the present 

study showed that not only the en bloc turns was improved following the TMS program, 

but the clinical outcomes, including the UPDRS, FRT, and FES-I were also improved 

compare to the control. This result is consistent with the findings from Bartolo et al. who 

reported a decrease in the UPDRS III score following a 4-week trunk specific 

rehabilitation program, and suggested that a program specifically targeting restricted 

trunk motion could alleviate the motor impairment in people with PD (Bartolo et al., 

2010). Additionally, the present study found that people with PD who trained with the 

TMS program exhibited a better postural control and dynamic balance as measured by 

the FRT, and also a decrease in fear of falling measured using the FES-I, indicating 

improvements in balance and coordination while turning (Weiner et al., 1992; Patti et al., 

1996; Dewan &MacDermid, 2014). 

 

In conclusion, a 4-week TSM exercise program produced positive effects on turning 

kinematics and clinical outcomes in people with PD. Moreover, improved en bloc turning 

was seen through a reduction in the time taken to initiate a 180-degree turn, an increase 

in step size, and faster and less frequent steps. 

 

The limitations of this study included the control group not being provided a similar 

amount of attention to those in the experimental group.  Therefore, this cannot be ruled 

out as a factor contributing to group differences.  Secondly, we did not investigate the 
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long-term effects of the exercise program, future investigations should be conducted over 

a longer follow-up period.  

 

Implications on Physiotherapy Practice 

  An exercise program that specifically targets segmental rotation and task-

specific movements could be a promising alternative rehabilitation program for 

improving “en bloc” turns and clinical outcomes in PD patients. 

 

 

Conflict of interest 

 The authors have no conflict of interest to report. 

 

Reference 

Anastasopoulos, D., Ziavra, N., Savvidou, E., Bain, P., & Bronstein, A. M. (2011). 

Altered eye-to-foot coordination in standing parkinsonian patients during large 

gaze and whole-body reorientations. Movement Disorders, 26(12), 2201-2211. 

doi:10.1002/mds.23798 

Ashburn, A., Fazakarley, L., Ballinger, C., Pickering, R., McLellan, L. D., & Fitton, C. 

(2007). A randomised controlled trial of a home based exercise programme to 

reduce the risk of falling among people with Parkinson's disease. Journal of 

Neurology, Neurosurgery and Psychiatry, 78(7), 678-684. 

doi:10.1136/jnnp.2006.099333 

Bartolo, M., Serrao, M., Tassorelli, C., Don, R., Ranavolo, A., Draicchio, F., . . . Sandrini, 

G. (2010). Four-week trunk-specific rehabilitation treatment improves lateral 



17 
 

trunk flexion in Parkinson's disease. Movement Disorders, 25(3), 325-331. 

doi:10.1002/mds.23007 

Behm, D. G., Bambury, A., Cahill, F., & Power, K. (2004). Effect of acute static 

stretching on force, balance, reaction time, and movement time. Medicine and 

Science in Sports and Exercise, 36(8), 1397-1402. 

doi:10.1249/01.mss.0000135788.23012.5f 

Cano-de-la-Cuerda, R., Vela-Desojo, L., Miangolarra-Page, J. C., Macias-Macias, Y., & 

Munoz-Hellin, E. (2011). Axial rigidity and quality of life in patients with 

Parkinson's disease: a preliminary study. Quality of Life Research, 20(6), 817-

823. doi:10.1007/s11136-010-9818-y 

Cheng, F.-Y., Yang, Y.-R., Chen, L.-M., Wu, Y.-R., Cheng, S.-J., & Wang, R.-Y. (2016). 

Positive Effects of Specific Exercise and Novel Turning-based Treadmill 

Training on Turning Performance in Individuals with Parkinson's disease: A 

Randomized Controlled Trial. Scientific Reports, 6, 33242-33242. 

doi:10.1038/srep33242 

Demura, S., & Yamada, T. (2007). Simple and easy assessment of falling risk in the 

elderly by functional reach test using elastic stick. Tohoku Journal of 

Experimental Medicine, 213(2), 105-111. doi:10.1620/tjem.213.105 

Dewan, N., & MacDermid, J. C. (2014). Fall Efficacy Scale-International (FES-I). 

Journal of Physiotherapy, 60(1), 60. doi:10.1016/j.jphys.2013.12.014 

Dibble, L. E., Hale, T. F., Marcus, R. L., Droge, J., Gerber, J. P., & LaStayo, P. C. (2006). 

High-intensity resistance training amplifies muscle hypertrophy and functional 

gains in persons with Parkinson's disease. Movement Disorders, 21(9), 1444-

1452. doi:10.1002/mds.20997 



18 
 

Duncan, P. W., Studenski, S., Chandler, J., & Prescott, B. (1992). Functional reach: 

predictive validity in a sample of elderly male veterans. Journal of Gerontology, 

47(3), M93-98. doi:10.1093/geronj/47.3.m93 

Hollands, M. A., Ziavra, N. V., & Bronstein, A. M. (2004). A new paradigm to 

investigate the roles of head and eye movements in the coordination of whole-

body movements. Experiment Brain Research, 154(2), 261-266. 

doi:10.1007/s00221-003-1718-8 

Hulbert, S., Ashburn, A., Robert, L., & Verheyden, G. (2015). A narrative review of 

turning deficits in people with Parkinson's disease. Disability and Rehabilitation, 

37(15), 1382-1389. doi:10.3109/09638288.2014.961661 

Huxham, F., Baker, R., Morris, M. E., & Iansek, R. (2008). Head and trunk rotation 

during walking turns in Parkinson's disease. Movement Disorders, 23(10), 1391-

1397. doi:10.1002/mds.21943 

Jankovic JaT, E. (2007) Parkinson's disease and movement disorders. Philadelphia: 

Lippincott Williams & Wilkins. 

Khobkhun, F., Hollands, M. A., Richards, J., & Ajjimaporn, A. (2020). Can We 

Accurately Measure Axial Segment Coordination during Turning Using Inertial 

Measurement Units (IMUs)? Sensors (Basel), 20(9). doi:10.3390/s20092518 

Lohnes, C. A., & Earhart, G. M. (2011). Saccadic eye movements are related to turning 

performance in Parkinson disease. Journal of Parkinson’s Disease, 1(1), 109-

118. doi:10.3233/JPD-2011-11019 

Moore G., D. J. L., and Painter P. . (2016). ACSM's Exercise Management for Persons 

With Chronic Diseases and Disabilities 4th Edition (4th Edition ed.): Human 

Kinetics, Inc. 



19 
 

Patti, F., Reggio, A., Nicoletti, F., Sellaroli, T., Deinite, G., & Nicoletti, F. (1996). Effects 

of Rehabilitation Therapy on Parkinsonians' Disability and Functional 

Independence. Journal of Neurologic Rehabilitation, 10(4), 223-231. 

doi:10.1177/154596839601000402 

Petzinger, G. M., Fisher, B. E., McEwen, S., Beeler, J. A., Walsh, J. P., & Jakowec, M. 

W. (2013). Exercise-enhanced neuroplasticity targeting motor and cognitive 

circuitry in Parkinson's disease. The Lancet Neurology, 12(7), 716-726. 

doi:10.1016/S1474-4422(13)70123-6 

Rawson, K. S., McNeely, M. E., Duncan, R. P., Pickett, K. A., Perlmutter, J. S., & 

Earhart, G. M. (2019). Exercise and Parkinson Disease: Comparing Tango, 

Treadmill, and Stretching. Journal of Neurologic Physical Therapy, 43(1), 26-

32. doi:10.1097/NPT.0000000000000245 

Robins, R. K., & Hollands, M. A. (2017). The effects of constraining vision and eye 

movements on whole-body coordination during standing turns. Experimental 

Brain Research, 235(12), 3593-3603. doi:10.1007/s00221-017-5079-0 

Schenkman, M., Cutson, T. M., Kuchibhatla, M., Chandler, J., & Pieper, C. (1997). 

Reliability of impairment and physical performance measures for persons with 

Parkinson's disease. Physical Therapy, 77(1), 19-27. doi:10.1093/ptj/77.1.19 

Schenkman, M., Cutson, T. M., Kuchibhatla, M., Chandler, J., Pieper, C. F., Ray, L., & 

Laub, K. C. (1998). Exercise to improve spinal flexibility and function for people 

with Parkinson's disease: a randomized, controlled trial. Journal of the American 

Geriatrics Society, 46(10), 1207-1216.  

Stozek, J., Rudzinska, M., Pustulka-Piwnik, U., & Szczudlik, A. (2016). The effect of 

the rehabilitation program on balance, gait, physical performance and trunk 



20 
 

rotation in Parkinson's disease. Aging Clinical and Experimental Research, 28(6), 

1169-1177. doi:10.1007/s40520-015-0506-1 

Tomlinson, C. L., Herd, C. P., Clarke, C. E., Meek, C., Patel, S., Stowe, R., Ives, N. 

(2014). Physiotherapy for Parkinson's disease: a comparison of techniques. The 

Cochrane Database Systematic Reviews  (6), CD002815. 

doi:10.1002/14651858.CD002815.pub2 

Weaver, T. B., Robinovitch, S. N., Laing, A. C., & Yang, Y. (2016). Falls and Parkinson's 

Disease: Evidence from Video Recordings of Actual Fall Events. Journal of the 

American Geriatrics Society, 64(1), 96-101. doi:10.1111/jgs.13878 

Weiner, D. K., Duncan, P. W., Chandler, J., & Studenski, S. A. (1992). Functional reach: 

a marker of physical frailty. Journal of the American Geriatrics Society, 40(3), 

203-207. doi:10.1111/j.1532-5415.1992.tb02068.x 

  



21 
 

 

Figure 1: CONSORT flow diagram showing the experiment procedure. 
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Note: 
- A set of 60 minutes training period composes of segmental rotational exercise for 45 
minutes and task-specific movements training for 15 minutes. 
* Training period  
Weeks 1-2: Participants trained under supervision by a physiotherapist at the clinic for 
3 times per week. The total duration of training period is 180 mins across 3 times. 
Weeks 3: Participants trained under supervision by a physiotherapist at the clinic for 2 
times and performed home-based exercise for 2 times. The total duration of training 
period is 240 mins across 4 times. 
Weeks 4: Participants performed home-based exercise for 5 times. The total duration 
of training period is 300 mins across 5 times 
 
Figure 2: One session of exercise program. 
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Figure 3: The mean values of onset latencies of head, thorax, and leading and trailing 
foot at baseline (white bar) and post-(dark bar) assessments of the exercise (EG) and 
the control (CG) shown in Figure A1 and 2, respectively. The mean values of turn 
speed, step size, total steps, and step duration between the EG (dark bar) and the CG 
(white bar) at baseline and post-assessments shown in Figure B, C1, 2 and 3, 
respectively. Values are mean +SEM. 
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Figure 4: The mean values of total score, motor score and rigidity score of Unified 
Parkinson’s Rating Scale (UPDRS) between the exercise (EG, solid line) and the control 
(CG, dashed line) groups at baseline and post- assessments shown in Figure a, b and c, 
respectively. The mean values of functional reach test (FRT) and fall efficacy scale 
international (FES-I) between the EG (dark bar) and the CG (white bar) at baseline and 
post-assessments shown in Figure d and e, respectively. Values are mean +SEM. 
 


