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Abstract: Background: Motor estimation error is an index of how accurately one’s body movement
is recognized. This study determines whether motor estimation error distance is a Parkinson’s
disease (PD)- or age-related disability using a two-step task. Methods: The participants were 19 PD
patients and 58 elderly people with disabilities. A two-step prediction test and an actual two-step
test were performed. The motor estimation error distance (prediction of two-step distance minus
actual two-step distance) and error rate between the two groups were compared. We conducted a
correlation analysis between the motor estimation error and clinical factor (e.g., Hoehn and Yahr
stage (H & Y), Unified Parkinson’s Disease Rating Scale (UPDRS)) related to PD. Results: The motor
estimation error distance was not significantly different between the PD patient group and the elderly
group with disabilities. However, significant correlations between motor estimation error and H
& Y, and between motor estimation error and UPDRS part II, were observed. The error rate was
significantly correlated with the Fall Efficacy Scale. Conclusions: The motor estimation error distance
is influenced by both aging and PD.
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1. Introduction

Parkinson’s disease (PD) is a progressive neurodegenerative disease that affects movement.
Patients with PD may present with a variety of motor and non-motor symptoms [1–3]. The typical
motor symptoms are poor balance due to postural reflex disorder, gait disorders, and freezing of gait
(FOG). Non-motor symptoms include cognitive disorders, mood disorders (anxiety and depression),
sleep disorders, autonomic disorders, hallucinations, and delusions [4].

PD patients experience impaired motor execution due to poor motor planning and motor imagery
abilities [5,6]. Cohen et al. [6] reported a decline in motor imagery ability in PD patients. Motor
prediction (imagined) and actual duration were measured for the task of walking through a doorway.
The results indicated a mismatch between the prediction times and actual walking times when passing
through a doorway. Therefore, the study revealed that PD patients have poor motor planning and
motor imagery abilities. Similarly, Kamata et al. [7] conducted a functional reach test (FRT) to measure
the difference between motor imagery (prediction) and motor execution, showing that overestimation
(image distance (i.e., prediction distance) > actual distance) in PD patients was associated with a high
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fall frequency. The discrepancy between motor imagery and motor execution is referred to as motor
estimation error. Motor estimation error indicates the inability to accurately recognize one’s own body
movements. Therefore, motor estimation errors in PD patients may be associated with motor disability,
fall risk, and gait ability, including FOG.

Elderly people also experience motor estimation error, which correlates with fall risk and physical
functions [8,9]. Sakurai et al. [9] investigated whether motor estimation error in a timed up-and-go test
differed between community-dwelling older adults with a fear of falling and those without a fear of
falling. The results showed that the elderly participants with a fear of falling exhibited larger motor
estimation errors. Furthermore, another study investigated the difference in motor estimation error
between elderly people who need care or assistance and young people when performing a reaching
task [10]. Elderly people who need care or assistance overestimated the task compared to young
people. Therefore, motor estimation error was also observed in elderly people who needed care due to
physical function impairments and fear of falling.

In a previous study, Kawasaki et al. [11] investigated whether motor estimation error measured
using a two-step test differs between patients with PD and healthy elderly people. The results indicated
that the motor estimation error was larger in patients with PD than in healthy elderly people. However,
in this study, the authors could not clarify whether motor estimation error distance was a PD- or
aging-related disability because the control group comprised healthy elderly people. Conversely, in the
current study, we investigated whether the motor estimation error distance differs between patients
with PD and elderly people with disabilities (the control group) and so were able to determine whether
the motor estimation error is a PD- or age-related disability.

Based on these reports, we hypothesize that there could be a difference in motor estimation error
between PD patients and elderly people with disabilities when imagining and performing a two-step
task. Furthermore, we hypothesize that there is a relationship between motor estimation error and
variables related to PD, fear of falling, and anxiety. The purpose of this study was (a) to determine the
differences in motor estimation error using a two-step task between PD patients and elderly people
with disabilities and (b) to investigate the relationship between motor estimation error and PD-related
physical function assessments.

2. Materials and Methods

2.1. Participants

The participants were 19 patients with PD (Hoehn & Yahr stage (H & Y) of 2–4; mean age,
75.7 ± 8.3, 11 males, 8 females) and 58 elderly people with disabilities (mean age, 77.4 ± 11.9; 25 males,
33 females, Table 1). All participants had no visual deficits, and they could step and maintain position
independently without any support. All participants were undergoing rehabilitation at home 1–3 times
a week. The field of activities was examined using a Life–Space Assessment (LSA) [12] and was
found to be similar between patients with PD and elderly people with disabilities (39.00 ± 28.74 vs.
30.68 ± 21.53 points). The elderly people with disabilities were receiving rehabilitation for disabilities
caused by muscle weakness and inactivity in their daily lives. Most elderly people with disabilities
were able to walk without support at home.

Table 1. Basic characteristics of study participants.

Basic Characteristics Patients with PD (n = 19) Elderly People with Disabilities (n = 58) p Value

Age (years) 75.68 ± 8.26 77.40 ± 11.89 0.562
Males/Females 11/7 25/33 0.196

Height (cm) 155.30 ± 8.74 157.11 ± 10.46 0.499
Weight (kg) 51.29 ± 9.09 55.49 ± 11.78 0.160
BMI (kg/m2) 21.18 ± 2.75 22.40 ± 4.00 0.219

H & Y 3 (2–4) -

Parkinson’s disease (PD), body mass index (BMI), Hoehn & Yahr stage (H & Y).
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The purpose of the study was explained to all participants and written informed consent was
obtained in compliance with the Declaration of Helsinki. This study was approved by the Institutional
Ethics Committee of Tokyo Metropolitan University (approval code: 19026).

2.2. Procedure

All clinical assessments were performed during the participants’ home rehabilitation when they
were on medication, i.e., periods of little-to-no PD-related disability. The basic characteristics assessed
were age, gender, height, weight, and body mass index (BMI: kg/m2). Physical functions were measured
using a two-step test, two-step prediction test and FRT. For the participants with PD, PD-related
assessments were conducted using the Unified Parkinson’s Disease Rating Scale (UPDRS) parts
I–IV [13], freezing of gait questionnaire (FOGQ) [14], L-dopa dose (mg/day). In addition, the patients
with PD were assessed using the Fall Efficacy Scale (FES) [15] and the Hospital Anxiety and Depression
Scale (HADS) [16].

First, participants performed a two-step prediction test, followed by a two-step test (Figure 1).
The procedure of the two-step prediction and actual two-step test was explained to the participants
by the examiner. For the two-step prediction test, all participants used laser pointers to indicate
the predicted two maximum step distance [16]. The prediction distance was then measured using
a measure by the examiner. Next, the participants took two maximum steps forward from the line
of footing and the actual two-step distance was measured using a measure by the examiner [17,18].
The two-step test has been verified as a reliable test to assess motor function to determine care for
elderly people [18].
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Figure 1. Illustration of the two-step prediction test and actual two-step test. For the two-step prediction
test, the participants used laser pointers to predict the maximum two-step distance. After the two-step
prediction test, the actual two-step distance was measured.

The motor estimation error (prediction distance (cm) minus actual distance (cm)), error rate
(prediction distance (cm)/actual distance (cm) × 100), and two-step value (actual distance/height) were
calculated. The two-step value was standardized using height [17].

For the statistical analysis, the Shapiro–Wilk test was used to confirm normal distribution (p > 0.05).
An unpaired t-test was used to compare whether there was a difference in various clinical variables
(age, height, weight, BMI, two-step predicted distance, two-step distance, motor estimation error,
error rate, FRT, LSA) between groups. The chi-square test was used to evaluate gender differences.

A Spearman correlation analysis was conducted to determine the relationship between the motor
estimation error and other variables (two-step predicted distance, two-step distance, motor estimation
error, error rate, FRT, LSA) between the motor estimation error distance and PD-related variables
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(UPDRS part I–IV, FOGQ, L-dopa dose, FES, HADS). For the H & Y, the correlation coefficient was
calculated for each variable using Spearman’s correlation coefficient (two-step predicted distance,
two-step distance, motor estimation error, error rate, FRT, LSA, UPPDRS part I–IV, FOGQ, L-dopa
dose, FES, HADS). Furthermore, using FES as a confounding factor, a partial correlation analysis was
performed to determine the relationship between motor estimation error and PD-related variables.

SPSS software (version 22.0; SPSS Inc., Chicago, IL, USA) was used for all statistical analyses and
the statistical significance was set at p < 0.05.

3. Results

3.1. Comparison between Patients with PD and Elderly People with Disabilities

The basic characteristics of patients with PD and elderly people with disabilities are presented in
Table 1. There were no significant differences in age, height, weight, BMI, and gender between the two
groups (p > 0.05).

The results of the physical function assessments are presented in Table 2. The two-step value in
the PD patient group was significantly lower than that of the elderly people with disabilities group
(t(75) = −2.33, p = 0.022). However, the motor estimation error distance and error rate were not
significantly different between the two groups (p > 0.05). The two-step predicted distance, two-step
distance, FRT, and LSA were also not significantly different between the two groups (p > 0.05).

Table 2. Physical function and Parkinson’s disease-related assessments.

Assessments Patients with PD
(n = 19)

Elderly People with Disabilities
(n = 58) p Value

Two-step distance (cm) 96.74 ± 34.73 100.26 ± 40.42 0.734
Two-step value 0.62 ± 0.21 1.09 ± 0.86 0.022 *

Two-step predicted distance (cm) 95.68 ± 38.11 102.18 ± 44.30 0.575
Motor estimation error distance (cm) −1.06 ± 18.09 1.91 ± 24.34 0.627

Error rate (%) 15.76 ± 12.63 18.31 ± 18.74 0.582
FRT (cm) 18.74 ± 6.55 18.01 ± 6.61 0.679

LSA (points) 39.00 ± 28.74 30.68 ± 21.53 0.184
UPDRS part I (points) 1.36 ± 1.77 - -
UPDRS part II (points) 11.05 ± 8.06 - -
UPDRS part III (points) 13.63 ± 10.13 - -
UPDRS part IV (points) 3.31 ± 3.11 - -

UPDRS total (points) 29.36 ± 19.57 - -
FOGQ (points) 10.05 ± 5.99 - -

L-dopa dose (mg/day) 435.76 ± 282.54 - -
FES (points) 26.00 ± 8.32 - -

HADS anxiety (points) 2.83 ± 2.73 - -
HADS depression (points) 5.39 ± 4.79 - -

* p < 0.05. Parkinson’s disease (PD), functional reach test (FRT), Life–Space Assessment (LSA), Unified Parkinson’s
Disease Rating Scale (UPDRS), freezing of gait questionnaire (FOGQ), Fall Efficacy Scale (FES), Hospital Anxiety
and Depression Scale (HADS).

3.2. Relationship between Motor Estimation Error Distance and Clinical Variables in Patients with PD

The results of the correlation analyses are shown in Table 3. There was a significant positive
correlation between motor estimation error distance and H & Y (r = 0.580, p = 0.009, Figure 2). There was
a significant negative correlation between the error rate and FES (r = −0.470, p = 0.042, Figure 3).
Furthermore, partial correlation analysis with FES as a control factor revealed a significant positive
correlation between motor estimation error distance and UPDRS part II (r = 0.469, p = 0.049, Figure 4).
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Table 3. Correlation coefficients for patients with Parkinson’s disease.

Assessments Assessments Correlation
Coefficient p Value

Two-step distance Two-step value 0.983 0.001
Two-step predicted distance 0.881 0.001

FRT 0.469 0.043
LSA 0.628 0.004

Two-step value Two-step predicted distance 0.902 0.001
LSA 0.562 0.012

Two-step predicted distance LSA 0.692 0.001
H & Y 0.469 0.043

Motor estimation error distance H & Y 0.580 0.009
UPDRS part II 0.469 0.049

Error rate FES −0.470 0.042
FRT FES 0.522 0.022
LSA FES 0.585 0.009

UPDRS part II UPDRS part III 0.851 0.001
UPDRS total 0.926 0.001

FOGQ 0.555 0.014
FES −0.482 0.037

UPDRS part III UPDRS part IV 0.499 0.030
UPDRS total 0.962 0.001

FES −0.508 0.026
UPDRS part IV UPDRS total 0.594 0.007

FOGQ 0.544 0.016
L-dopa dose 0.727 0.001

HADS anxiety 0.798 0.001
UPDRS total FOGQ 0.583 0.009

L-dopa dose 0.504 0.028
FES −0.517 0.023

HADS anxiety 0.507 0.027
FOGQ L-dopa dose 0.467 0.044

L-dopa dose HADS anxiety 0.686 0.001

Hoehn and Yahr stage (H & Y), functional reach test (FRT), Life–Space Assessment (LSA), Unified Parkinson’s
Disease Rating Scale (UPDRS), freezing of gait questionnaire (FOGQ), Fall Efficacy Scale (FES), Hospital Anxiety
and Depression Scale (HADS).
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4. Discussion

In this study, we investigated the differences in motor estimation error distance between patients
with PD and elderly people with disabilities using the two-step test and investigated the relationship
between motor estimation error distance and PD-related physical function assessments. The results
revealed no significant difference in motor estimation error distance between patients with PD and
elderly people with disabilities. The correlation analyses revealed significant correlations between motor
estimation error distance and H&Y, and between the error rate and FES. Furthermore, partial correlation
analysis with FES as a controlling factor showed that there was a significant positive correlation between
motor estimation error distance and UPDRS part II. These findings reveal that the motor estimation
error distance is influenced by both aging and PD.

4.1. Motor Estimation Error Distance in Patients with PD and Elderly People

Motor estimation error distance was not significantly different between patients with PD and
elderly people with disabilities, which was not consistent with our hypothesis. Kawasaki et al. [11]
measured estimation error distance using a two-step test in patients with PD and healthy elderly
people. The results showed that patients with PD overestimated the distance (image two-step distance
> actual two-step distance) more than healthy elderly people. Furthermore, Sakurai et al. [8,9] reported
a larger estimation error distance in old elderly people with physical function deficits compared
to young elderly people. In the present study, the elderly participants had disabilities caused by
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muscle weakness and inactivity in their daily lives, which required rehabilitation at home. Therefore,
their motor estimation error distance may be larger in comparison to that of healthy elderly people.
The reason why no significant difference in the motor estimation error distance was observed between
patients with PD and elderly people with disabilities was that the variable was related to both PD- and
aging-specific effects.

In addition, Laura et al. investigated the differences in motor imagery ability between patients
with PD and healthy people using the finger tapping test [18]. As a result, it was reported that patients
with PD had lower motor imagery ability than healthy people. However, other studies report that
there is no difference in motor imagery ability between patients with PD and healthy adults [19,20].
These reports consider that some healthy people have low motor imagery ability. Therefore, there is
no difference in motor imagery ability between patients with PD and healthy people. In this study,
the two-step predicted distance was similar in both groups. Therefore, between patients with PD and
elderly people with disabilities, there was no difference in motor imagery ability.

In future research, it will be necessary to longitudinally analyze the motor estimation error distance
and clarify the causal relationship.

4.2. Relationship between Motor Estimation Error and Clinical Variables in Patients with PD

The motor estimation error distance was related to H & Y. In other words, the overestimation was
associated with higher PD severity. Similar to the present study, Kawasaki et al. [11] measured the
estimation error distance using a two-step test in PD patients and performed a correlation analysis
between the estimation error distance and H&Y. They found no correlation between the estimation
error distance and H & Y; however, in this study, we observed a positive correlation. Our study targeted
more severe PD patients than the previous studies (H & Y: 3.11 ± 0.67, present study; 2.91 ± 0.70 and
2.50 ± 0.70, previous studies) [11]. H & Y signifies the severity of the motor function deficit in PD
patients. Previous studies have demonstrated that the=is large estimation error is related to a decline
in motor function [8,9]. In the present study, overestimation was correlated with increasing severity
of PD.

Furthermore, there was a significant negative correlation between the error rate and FES. In patients
with PD, a large error rate was correlated with a strong fear of falling. The FES consists of 10 questions
related to beliefs in their capacity to execute daily life actions without falling [15]. This result is
consistent with Sakurai et al. [8,9], who reported that community-dwelling older adults with a fear of
falling had a larger estimation error distance compared to those without a fear of falling. In addition,
it has been reported that elderly people with a fear of falling have poor balance and walking abilities
and a higher incidence of falls [21–23]. In patients with PD, it has been reported that fear of falling
was related to balance and activities of daily life [24]. These reports demonstrate that a fear of falling
reflected physical function.

In addition, motor estimation error distance and UPDRS part II were significantly positively
correlated. UPDRS part II expressed the ability to perform activities of daily life [13]. The overestimation
by patients with PD was related to lower activity in daily life. Kawasaki et al. [11] also reported that
the estimation error distance was correlated with UPDRS part II. Moreover, a correlation between a
fear of falling and a lessened ability to perform activities of daily life was reported in patients with
PD [24]. These results indicate that a lessened ability to perform activities of daily life occurs when the
fear of falling is high. Therefore, as a result of a partial correlation analysis, using FES as a controlling
factor, it was speculated that motor estimation error distance and UPDRS might be correlated.

In summary, the motor estimation error distance was not significantly different between patients
with PD and elderly people with disabilities. Therefore, it was necessary to consider the influence of
aging. However, the motor estimation error distance was correlated with the severity of PD and the
UPDRS part II score. Based on these findings, the motor estimation error distance is influenced by
both aging and PD.
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The main limitations of this study are the small sample size and the lack of a healthy elderly group
without disabilities or PD. In the future, we will increase the sample size and recruit participants of
H & Y one and five. Moreover, we will investigate whether motor estimation error distance changes
longitudinally. The fact that motor estimation error distance is related to the severity of PD and the
ability to perform activities of daily life suggests that motor estimation error distance can be a useful
tool for easily evaluating the physical function of PD without the need for PD-specific evaluation.

5. Conclusions

The results of this study indicate that motor estimation error distance was not significantly
different between patients with PD and elderly people with disabilities. However, in patients with PD,
the motor estimation error was related to the severity of PD and activities of daily life. Thus, the motor
estimation error distance is influenced by both PD and aging.

Author Contributions: Conceptualization, K.S. and T.K.; methodology, K.S. and T.K.; validation, K.S. and T.K.,
formal analysis, K.S.; investigation, K.S., K.T., K.K.; writing—original draft preparation, K.S.; writing—review and
editing, K.S., T.K., and Y.I.; visualization, K.S.; supervision, T.K.; and Y.I.; project administration, K.S. All authors
have read and agree to the published version of the manuscript.

Funding: This research did not receive any specific grant from funding agencies in the public, commercial,
or not-for-profit sectors.

Acknowledgments: The authors would like to thank the research members of Kirameki Home Visiting and
Nursing Rehabilitation for their help with the study.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. David, F.J.; Robichaud, J.A.; Leurgans, S.E.; Poon, C.; Kohrt, W.M.; Goldman, J.G.; Comella, C.L.;
Vaillancourt, D.E.; Corcos, D.M. Exercise improves cognition in Parkinson’s disease: The PRET-PD
randomized, clinical trial. Mov. Disord. 2015, 30, 1657–1663. [CrossRef] [PubMed]

2. Kelly, N.A.; Ford, M.P.; Standaert, D.G.; Watts, R.L.; Bickel, C.S.; Moellering, D.R.; Tuggle, S.C.; Williams, J.Y.;
Lieb, L.; Windham, S.T.; et al. Novel, high-intensity exercise prescription improves muscle mass,
mitochondrial function, and physical capacity in individuals with Parkinson’s disease. J. Appl. Physiol. 2014,
116, 582–592. [CrossRef] [PubMed]

3. Northey, J.M.; Cherbuin, N.; Pumpa, K.L.; Smee, D.J.; Rattray, B. Exercise interventions for cognitive function
in adults older than 50: A systematic review with meta-analysis. Br. J. Sports Med. 2017, 52, 154–160.
[CrossRef] [PubMed]

4. Seppi, K.; Weintraub, D.; Coelho, M.; Perez-Lloret, S.; Fox, S.H.; Katzenschlager, R.; Hametner, E.M.;
Poewe, W.; Rascol, O.; Goetz, C.G.; et al. The movement disorder society evidence-based medicine review
update: Treatments for the non-motor symptoms of Parkinson’s disease. Mov. Disord. 2011, 3, S42–S80.
[CrossRef] [PubMed]

5. Heremans, E.; Feys, P.; Nieuwboer, A.; Vercruysse, S.; Vandenberghe, W.; Sharma, N.; Helsen, W. Motor
imagery ability in patients with early and mid-stage Parkinson disease. Neurorehabil. Neural Repair. 2011, 25,
168–177. [CrossRef] [PubMed]

6. Cohen, R.G.; Chao, A.; Nutt, J.G.; Horak, B. Freezing of gait is associated with a mismatch between
motor imagery and motor execution in narrow doorways, not with failure to judge doorway pass ability.
Neuropsychologia 2011, 49, 3981–3988. [CrossRef]

7. Kamata, N.; Matsuo, Y.; Yoneda, T.; Shinohara, H.; Inoue, S.; Abe, K. Overestimation of stability limits leads
to a high frequency of falls in patients with Parkinson’s disease. Clin. Rehabil. 2007, 21, 357–361. [CrossRef]

8. Sakurai, R.; Fujiwara, Y.; Ishihara, M.; Higuchi, T.; Uchida, H.; Imanaka, K. Age-related self-overestimation of
step-over ability in healthy older adults and its relationship to fall risk. BMC Geriatr. 2013, 13, 44. [CrossRef]

9. Sakurai, R.; Fujiwara, Y.; Yasunaga, M.; Suzuki, H.; Sakuma, N.; Imanaka, K.; Montero-Odasso, M. Older
adults with fear of falling show deficits in motor imagery of gait. J. Nutr. Health Aging 2017, 21, 721–726.
[CrossRef]

http://dx.doi.org/10.1002/mds.26291
http://www.ncbi.nlm.nih.gov/pubmed/26148003
http://dx.doi.org/10.1152/japplphysiol.01277.2013
http://www.ncbi.nlm.nih.gov/pubmed/24408997
http://dx.doi.org/10.1136/bjsports-2016-096587
http://www.ncbi.nlm.nih.gov/pubmed/28438770
http://dx.doi.org/10.1002/mds.23884
http://www.ncbi.nlm.nih.gov/pubmed/22021174
http://dx.doi.org/10.1177/1545968310370750
http://www.ncbi.nlm.nih.gov/pubmed/21239707
http://dx.doi.org/10.1016/j.neuropsychologia.2011.10.014
http://dx.doi.org/10.1177/0269215507073346
http://dx.doi.org/10.1186/1471-2318-13-44
http://dx.doi.org/10.1007/s12603-016-0811-1


Medicines 2020, 7, 43 9 of 9

10. Robinovitch, S.N.; Cronin, T. Perception of postural limits in elderly nursing home and day care partici-
pants. J. Gerontol. A Biol. Sci. Med. Sci. 1999, 54, 124–130. [CrossRef]

11. Kawasaki, T.; Mikami, K.; Kamo, T.; Aoki, R.; Ishiguro, R.; Nakamura, H.; Tozawa, R.; Asada, N.; Hiiragi, Y.;
Yamada, Y.; et al. Motor planning error in Parkinson’s disease and its clinical correlates. PLoS ONE 2018,
13, e0202228. [CrossRef] [PubMed]

12. Baker, P.S.; Bodner, E.V.; Allman, R.M. Measuring life-space mobility in community dwelling older adults.
J. Am. Geriatr. Soc. 2003, 51, 1610–1614. [CrossRef] [PubMed]

13. Martínez-Martín, P.; Gil-Nagel, A.; Gracia, L.M.; Gómez, J.B.; Martínez-Sarriés, J.; Bermejo, F. Unified
Parkinson’s disease rating scale characteristics and structure. Mov. Disord. 1994, 9, 76–83. [CrossRef]

14. Giladi, N.; Shabtai, H.; Simo, E.S.; Biran, S.; Tal, J.; Korczyn, A.D. Construction of freezing of gait questionnaire
for patient with Parkinsonism. Parkinsonism Relat. Disord. 2000, 6, 165–170. [CrossRef]

15. Tinetti, M.E.; Richman, D.; Powell, L. Falls efficacy as a measure of fear of falling. J. Gerontol. 1990, 45,
239–243. [CrossRef]

16. Zigmond, A.S.; Snaith, R.P. The hospital anxiety and depression scale. Acta Psychiatr. Scand. 1983, 67, 361–370.
[CrossRef]

17. Ogata, T.; Muranaga, S.; Ishibashi, H.; Ohe, T.; Izumida, R.; Yoshimura, N.; Iwaya, T.; Nakamura, K.
Development of a screening program to assess motor function in the adult population: A cross-sectional
observational study. J. Orthop. Sci. 2015, 20, 888–895. [CrossRef]

18. Avanzino, L.; Pelosin, E.; Martino, D.; Abbruzzese, G. Motor timing deficits in sequential movements
in Parkinson disease are related to action planning: A motor imagery study. PLoS ONE 2013, 8, e75454.
[CrossRef]

19. Pickett, K.A.; Peterson, D.S.; Earhart, G.M. Motor imagery of gait tasks in individuals with Parkinson disease.
J. Parkinsons Dis. 2012, 2, 19–22. [CrossRef]

20. Peterson, D.S.; Pickett, K.A.; Earhart, G.M. Effects of levodopa on vividness of motor imagery in Parkinson
disease. J. Parkinsons Dis. 2012, 2, 127–133. [CrossRef]

21. Maki, B.E. Gait changes in older adults: Predictors of falls or indicators of fear. J. Am. Geriatr. Soc. 1997, 45,
313–320. [CrossRef] [PubMed]

22. Maki, B.E.; Holliday, P.J.; Topper, A.K. Fear of falling and postural performance in the elderly. J. Gerontol.
1991, 46, M123–M131. [CrossRef] [PubMed]

23. Delbaere, K.; Crombez, G.; Vanderstraeten, G.; Willems, T.; Cambier, D. Fear-related avoidance of activities,
falls and physical frailty. A prospective community-based cohort study. Age Ageing 2004, 33, 368–373.
[CrossRef] [PubMed]

24. Mehdizadeh, M.; Martinez-Martin, P.; Habibi, S.A.; Nikbakht, N.; Alvandi, F.; Bazipoor, P.; Panahi, A.;
Taghizadeh, G. The association of balance, fear of falling, and daily activities with drug phases and severity
of disease in patients with Parkinson. Basic Clin. Neurosci. 2019, 10, 355–362. [CrossRef] [PubMed]

© 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.1093/gerona/54.3.B124
http://dx.doi.org/10.1371/journal.pone.0202228
http://www.ncbi.nlm.nih.gov/pubmed/30102731
http://dx.doi.org/10.1046/j.1532-5415.2003.51512.x
http://www.ncbi.nlm.nih.gov/pubmed/14687391
http://dx.doi.org/10.1002/mds.870090112
http://dx.doi.org/10.1016/S1353-8020(99)00062-0
http://dx.doi.org/10.1093/geronj/45.6.P239
http://dx.doi.org/10.1111/j.1600-0447.1983.tb09716.x
http://dx.doi.org/10.1007/s00776-015-0737-1
http://dx.doi.org/10.1371/journal.pone.0075454
http://dx.doi.org/10.3233/JPD-2012-11045
http://dx.doi.org/10.3233/JPD-2012-12077
http://dx.doi.org/10.1111/j.1532-5415.1997.tb00946.x
http://www.ncbi.nlm.nih.gov/pubmed/9063277
http://dx.doi.org/10.1093/geronj/46.4.M123
http://www.ncbi.nlm.nih.gov/pubmed/2071833
http://dx.doi.org/10.1093/ageing/afh106
http://www.ncbi.nlm.nih.gov/pubmed/15047574
http://dx.doi.org/10.32598/bcn.9.10.295
http://www.ncbi.nlm.nih.gov/pubmed/32231772
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Materials and Methods 
	Participants 
	Procedure 

	Results 
	Comparison between Patients with PD and Elderly People with Disabilities 
	Relationship between Motor Estimation Error Distance and Clinical Variables in Patients with PD 

	Discussion 
	Motor Estimation Error Distance in Patients with PD and Elderly People 
	Relationship between Motor Estimation Error and Clinical Variables in Patients with PD 

	Conclusions 
	References

