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Assessment of dynamic balance during step initiation
in Parkinson’s disease patients and elderly
— a validity study

GRZEGORZ JURAS*, ANNA KAMIENIARZ, JUSTYNA MICHALSKA, KAJETAN SEOMKA
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Purpose: The aim of this study was to evaluate the reliability of the novel posturographic procedure and to investigate the relation-
ships between parameters of this procedure and clinical tests. We hypothesised the proposed step initiation procedure to be reliable
method of balance and motor disability assessment, especially in patients with neurological deficits. Also, we assumed high significant
correlation between parameters of step initiation procedures and clinical tests. Methods: The 35 subjects with idiopathic PD and 35 aged-
matched healthy controls participated in this study. The gait initiation was measured using two force platforms. The procedure consisted
of three phases: (1) quiet standing on a first platform (2) crossing on the second platform, (3) quiet standing on a second platform. Test-
ing was carried out in four conditions: unperturbed trial, obstacle crossing, step-up and step-down. Results: In the proposed gait initiation
procedure, the vCOP, raCOP and rmsCOP showed an excellent reliability (/CC > 0.80). For transit phase, reliability of all variables in all
conditions also was excellent (/CC = 0.8-0.9). There were only a few associations between Tinetti scores and posturographic variables in
controls, but in PD patients the significant correlations were found between the proposed measures and the UPDRS, Tinetti, FRT, TUG
and with the BBS. Conclusions: The proposed gait initiation procedure is reliable and very suitable for the assessment of patients with
Parkinson’s disease. It can be used as an objective assessment of the clinical condition and dynamic balance, and help in the designing

and programming of the appropriate rehabilitation and treatment.
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1. Introduction

Human balance is maintained by a posture control
mechanism which maintain the center of mass (COM)
above the base of support. Three major sensory systems
are involved in keeping the balance and upright pos-
ture: the vestibular, vision and somatosensory systems
[31]. The body balance is affected when part of the
control system is not working correctly, what may be
caused by the ageing process [3]. In elderly, degen-
eration occurs in both sensory and musculoskeletal
systems [25]. The function of sensory receptors dete-
riorates, what has a greater impact on the balance in
elderly than in the young population [30]. Balance

disorders do not only affect the elderly, but also can
occur in patients with neurodegenerative diseases, for
instance, the Parkinson’s disease (PD). It is known
that the decline in mobility and motor skills in PD
patients cause postural instability, which increases the
risk of falls and falls-related injuries [22].

The balance disorders and the risk of falls may be
evaluated with numerous clinical and laboratory tests.
The most common clinical balance deficits assessment
tests in elderly and PD are the Berg Balance Scale
(BBS), Tinneti test, Functional Reach Test (FRT) and
the Timed Up and Go test (TUG) [11], [19]. These tests
are subjective in nature and asses mainly the ability to
maintenance balance during daily tasks. They are less
suitable for postural control mechanisms evaluation.
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It is also known that in accordance with Evidence-
Based Medicine policy, an objective assessment is the
most valuable and desired scientific method.

The static and dynamic posturography is most suit-
able objective postural control mechanisms evalua-
tion, which have experimental and clinical relevance
[7], [10], [26]. It is known that some authors proposed
a novel approach in assessing postural control, where
they use more advanced signal analysis [13] or the
combination of the static posturography with virtual
environment [12]. Moreover, it is recognized that the
pathophysiological mechanisms of postural control
disturbances in PD might be better understood using
posturography [24]. That is why posturography has
become a popular objective diagnostic tool in Park-
inson’s disease. However, it is known that there are
many different procedures in posturography where
the researchers use various measurement durations,
conditions, variables and equipment [14], what often
results in contradictory measurement outcomes.

Postural instability is a major problem in Parkin-
son’s disease, which may exist during quiet stance,
but also during everyday tasks, such as walking,
turning, crossing obstacle, standing up from sitting
and gait initiation [9]. Gait initiation challenges the
postural control system as it engages a voluntary tran-
sition from a stable static configuration of the body to
an unsteady, dynamic configuration [29]. In the labo-
ratory settings, gait is usually evaluated with the use
of the three-dimensional motion capture optoelec-
tronic systems. This method provides kinematic and
kinetic data characterising gait. Unfortunately, this
method is rarely used in clinical practice due to sev-
eral restrictions such as high costs of equipment, lack
of large and separate room and long-lasting compli-
cated results analysis.

Recent studies reported that step initiation can be
measured with the use of force platform though
novel posturographic procedure, which evaluate gait
initiation in different conditions [5], [27]. We have
used this approach to assess step initiation in PD
patients and healthy elderly. The aim of this study
was to evaluate the reliability of the measurements
calculated with the novel posturographic procedure
using the intra class coefficient (ICC) method and to
investigate the relationships between parameters of
these procedures and clinical tests. We hypothesised
that proposed gait initiation test is a valid and reli-
able balance and motor disability assessment, espe-
cially in patients with neurological deficits. We have
also assumed high significant correlation between
parameters of step initiation procedures and clinical
tests.

2. Materials and methods

Participants

Thirty-five subjects with idiopathic PD and thirty-
-five aged-matched healthy control subjects partici-
pated in this study. The demographic and clinical char-
acteristics of the subjects are presented in Table 1.
There were no significant differences between the
groups for age, body mass and body height. Written
informed consent was acquired from the participants
before their participation in the study. PD patients were
tested during ,,ON” period at their usual antiparkinsonian
medication (at least one hour). At the time of testing,
none of the patients exhibited any dyskinesia, dystonia
or other signs of involuntary movement. Subjects were
assessed with the following clinical test: UPDRS part
111, Berg Balance Scale (BBS), Timed Up and Go test
(TUG), Tinetti test, Functional Reach Test (FRT).

Inclusion criteria for PD patients were: (1) diag-
nosed Parkinson’s disease, (2) being on antiparkinso-
nian medication treatment. Exclusion criteria were:
(1) no consent to take part in the experiment, (2) de-
mentia and cognitive impairment based on results of
the Mini Mental Status Examination (MMSE), (3) neu-
romuscular, vestibular or orthopaedic disorders.

Table 1. The demographic and clinical characteristics
of the subjects

Parkinson’s Elderly
disease subjects | healthy subjects

N 35 35
age [years] 66.2+8.3 68.9+5.9
body weight [kg] 73.1£9.5 69.5+£9.7
body height [cm] 169.1 £6.2 1663 +7.3
H&Y -1 -
UPDRS-III [pts] 19.1£9.8 -
BBS [pts] 48.3+8.8 552+14
Tinneti [pts] 21.9+6.2 27.9+03
FRT [cm] 23.7+17.9 29.8+5.5
TUG [s] 10.1+4.0 64+1.0
MMSE [pts] 27.5+2.5 282+1.8

Procedure of gait initiation

The gait initiation was measured on the two force
platforms (AMTI, AccuGait) with the use of AMTI
NetForce software. The platforms sampling frequency
was set to 100 Hz. The raw data were processed off-
line with dual-pass 7 Hz low-pass Butterworth filter
using MATLAB software (Mathworks, Natic, MA). The
procedure consisted of three phases: (1) quiet standing
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on the first platform for 15 seconds, (2) crossing on
the second platform after an acoustic cue, (3) quiet
standing on a second platform until measurement com-
pletion (Fig. 1). There were four different conditions:
crossing without obstacle (unperturbed trial), crossing
the obstacle (crossing obstacle), stepping up (step-up)
and stepping down (step-down) (Fig. 2). Each trial
lasted 35 seconds and was repeated three times.
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Fig. 1. The experimental set-up

F
LA

Fig. 2. Four conditions of the step initiation test

Data analysis

The center of foot pressure (COP) displacements
data were collected in all three phases. The recording
was divided into phases using an algorithm based on
the limit of instantaneous COP displacement. The gait
initiation begins when momentary COP displacement
exceed the mean value of the instantaneous COP in-
creased by three standard deviations (SD). This thresh-
old was calculated based on measurements made
within the first 5 s of the test (Phase 1). The step
phase was finished when momentary COP displace-
ment was lower than mean value plus three SDs based
on the last 5 s of the trial (Phase 3).

The following variables were analysed:

1. Phase 1 and Phase 3:
— vCOP - the antero-posterior (AP) and medio-
-lateral (ML) COP velocity [cm/s],

— raCOP - the antero-posterior (AP) and medio-
-lateral (ML) range of COP [cm],

— rmsCOP — the antero-posterior (AP) and medio-
-lateral (ML) root mean square of COP [cm].

2. Phase 2:

— S1 — the stability time from loss of stability to
step on the second platform [s] (stability time 1),

— S2 — the stability time from step on the second
platform until the stability is regained [s] (sta-
bility time 2),

— transit time: time from exit from stability state
until gaining post-transit stability [s].

Statistical analysis

The reliability of all measurements was estimated
with the use of intraclass correlation coefficients
(ICCs) according to Shrout and Fleiss [23]. Derived
from the ANOVA results, the ICC compares within
subject variability and between subject variability. The
levels of reliability were considered poor (/CC < 0.40),
moderate (0.40 < /CC < 0.60), good (0.60 < /CC < 0.80),
and excellent (/CC > 0.80) [16]. The non-parametric
Spearman’s rank test was used to established correla-
tions between all posturographic variables and scores
of standard clinical tests.

3. Results

Reliability — PD patients

In gait initiation procedure, for phase 1 in all con-
ditions for both AP and ML directions, the vCOP,
raCOP and rmsCOP showed an excellent reliability
(ICC > 0.80). For phase 2, reliability of all variables
in all conditions also was excellent (/CC = 0.8-0.9).
For phase 3, in unperturbed trial the vCOP, raCOP
and rmsCOP showed somewhat lower, but yet good,
reliability (/CC = 0.7-0.9). In other conditions all vari-
ables presented an excellent reliability (/CC > 0.8). In
Table 2, the reliability results are summarized.

Reliability — elderly healthy subjects

ICC scores for phase 1 in all conditions in AP di-
rection were good to excellent (/CC = 0.6-0.9), but
for ML direction in obstacle crossing, the reliability
of raCOP and rmsCOP was moderate (/CC = 0.4).
However, in other conditions, all variables ICC val-
ues were excellent (/CC = 0.8-0.9). For phase 2,
reliability of all variables in all conditions was good
and excellent (/CC = 0.7-0.9). For phase 3 in un-
perturbed and obstacle trials, the raCOP, rmsCOP
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Table 2. ICC values in 30-s trial, repeated three times

Parkinson’s disease subjects | | Elderly healthy subjects
ICC values
. = =
Phase Variable 2 o o g 2 o o g
5 2 7 S E g 7 S
= Z & 7 2 % & 7
| 2 2| 5 2 2| 2| 8
S 2 g 2
= =
AP 0.9 0.9 0.9 0.9 0.8 0.6 0.8 0.9
raCOP
ML 0.9 0.8 0.8 0.9 0.9 0.4 0.9 0.8
AP 0.9 0.9 0.9 0.9 0.8 0.6 0.8 0.9
Phase I rmsCOP ML | 09 09 | 08 | 09 08 | 03 | 08 | 09
vCOP AP 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9
ML 0.9 0.9 0.9 0.9 0.9 0.6 0.9 0.9
transit time 0.9 0.9 0.9 0.9 0.9 0.8 0.9 0.9
Phase 2 stability time 1 0.9 0.9 0.8 0.9 0.9 0.9 0.9 0.9
stability time 2 0.9 0.9 0.9 0.8 0.8 0.7 0.8 0.8
(aCOP AP 0.8 0.8 0.8 0.8 0.6 0.8 0.8 0.8
ML 0.9 0.8 0.9 0.8 0.5 0.5 0.9 0.8
AP 0.7 0.8 0.9 0.9 0.5 0.8 0.8 0.8
Phase 3 COP
wes M ML | 08 08 | 09 | 09 06 | 09 | 08 | 07
VCOP AP 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9
ML 0.9 0.9 0.9 0.9 0.8 0.9 0.9 0.8

and vCOP in AP direction presented a good and ex-
cellent reliability (/CC = 0.6-0.9), in ML direction
the vCOP, raCOP and rmsCOP showed somewhat
lower ICC values (/CC = 0.5-0.9). However, in other
conditions, all variables ICC values were good and
excellent (/CC = 0.7-0.9) (Table 2).

Relationship between posturographic variables
and clinical tests

The results of correlation analysis are listed in
Tables 3 and 4 for PD patients and controls, respec-
tively. While only few associations were found be-

tween Tinetti scores and posturographic variables in
controls, in PD patients the significant correlations
were found between the posturography measures and
the UPDRS, Tinetti, FRT, TUG and with the BBS.
There was a positive correlation between the range,
velocity and root mean square of COP in both phases
1 and 3 and disease severity evaluated with UPDRS in
all trial conditions. Also, there was a positive relation-
ship between transit time, stability time 1, stability
time 2 and UPDRS. Furthermore, there were inverse
relationships between the static and dynamic postu-
rography measures and BBS, Tinetti test, FRT and
with the TUG (Table 3).

Table 3. Results of correlation analysis for patients with Parkinson’s Disease

o UPDRS | BBS | FRT | Tineti | TUG | | UPDRS | BBS | FRT | Tineti | TUG
e unperturbed obstacle

cop AP | oSt T-03r] 021 [ 030 [ 017 039 | —035 ] —0.14 | —0.34 | 0.19

ML | 039 |-013| 0.1 | —025 | 0.07 033 | —0.12 | —0.06 | —0.19 | 0.09

phae 1| mmscop |AP_| 047 [031] 021 | 030 | 020 037 | 026 | 008 | —023 | 0.15

ML | 035 |-014| -0.13 | —027 | 0.09 032 | —0.09 | 0.03 | —0.15 | 0.02

wcop AP | 053 [-038] 046 | 034 | 021 049 | —030 | 036 | 029 | 0.13

ML | 035 |-0.15| 0.14 | —022 | 0.07 029 | —0.10 | .08 | —0.17 | 0.03

transit time 0,58 | 039 —031 | —0.57 | 0.19 058 | 035 | 038 | —0.42 | 027

Phase 2 |time SI 0,66 | 052 051 | —0.66 | 0.39 0.67 | —0.44 | 042 | —0.54 | 037

time S2 042 | —030| 027 | —0.46 | 0.17 052 | 030 | 044 | —038 | 021
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Table 3 continued

[aCOP AP 0.34 -0.41 | —0.21 -0.51 0.34 0.34 -0.33 | -0.08 —-0.50 0.23
ML 0.33 -0.27 | -0.17 —0.41 0.27 0.25 -0.26 | -0.04 —0.50 0.29
Phase 3 msCOP AP 0.28 —0.36| -0.14 | —0.43 0.28 0.32 -0.30 | -0.10 —0.50 0.16
ML 0.35 -0.18 | -0.13 -0.37 0.12 0.38 -0.31 | -0.10 -0.50 0.32
VCOP AP 0.56 —0.44 | -0.41 -0.52 0.39 0.50 -0.39 | -0.32 -0.51 0.28
ML 0.33 -0.22 | -0.14 —0.44 0.24 0.36 -0.33 | -0.21 -0.56 0.33
step-up step-down
[aCOP AP 0.33 -0.20 | -0.11 -0.26 0.13 0.30 -0.19 | -0.25 -0.24 0.09
ML 0.27 -0.20 | -0.14 -0.38 0.20 0.15 -0.08 | -0.23 -0.07 0.05
Phase 1 rmsCOP AP 0.29 -0.17 | -0.07 -0.14 0.07 0.19 -0.10 | -0.15 -0.14 0.03
ML 0.34 -0.19 | -0.15 -0.29 0.12 0.09 0.06 | —-0.08 0.06 -0.12
vCOP AP 0.40 -0.24 | -0.39 -0.28 0.09 0.37 -0.30 | -0.34 -0.22 0.12
ML 0.29 -0.03 | -0.10 | -0.18 | -0.01 0.21 -0.10 | -0.21 -0.07 -0.02
transit time 0.62 -0.39 | -0.35 -0.38 0.20 0.59 -0.42 | -0.54 -0.45 0.33
Phase 2 |time S1 0.67 -0.43 | —0.36 —-0.46 0.19 0.64 -0.40 | —-0.56 -0.51 0.33
time S2 0.51 -0.32 | -0.35 -0.33 0.12 0.44 -0.35 | -0.40 -0.39 0.24
[aCOP AP 0.17 -0.29 | -0.14 -0.43 0.29 0.28 -0.34 | -0.11 -0.33 0.23
ML 0.20 -0.24 | -0.13 -0.47 0.29 0.40 -0.19 | -0.11 -0.33 0.19
Phase 3 msCOP AP 0.24 -0.34 | -0.14 | -0.41 0.30 0.32 -0.36 | —0.13 -0.42 0.26
ML 0.28 -0.25| -0.14 -0.51 0.27 0.44 -0.16 | -0.13 -0.33 0.15
vCOP AP 0.41 -0.39 | —043 | -0.50 0.44 0.54 -0.39 | -0.44 -0.41 0.25
ML 0.33 -0.34 | -0.25 —0.54 0.36 0.43 -0.28 | -0.20 —-0.36 0.23
Table 4. Results of correlation analysis for elderly healthy subjects
Phase BBS ‘ FRT ‘ Tinetti ‘ TUG BBS FRT ‘ Tinetti ‘ TUG
unperturbed obstacle
[aCOP AP -0.03 -0.03 -0.10 0.08 -0.03 -0.03 -0.10 0.08
ML 0.07 0.18 0.00 -0.04 0.07 0.18 0.00 -0.04
Phase 1 msCOP AP -0.08 -0.09 -0.17 0.13 -0.08 -0.09 -0.17 0.13
ML 0.02 0.09 -0.06 0.02 0.02 0.09 -0.06 0.02
vCOP AP -0.23 0.02 -0.24 0.28 -0.23 0.02 -0.24 0.28
ML -0.08 0.05 -0.07 0.10 -0.08 0.05 -0.07 0.10
transit time 0.31 0.02 0.33 0.05 0.31 0.02 0.33 0.05
Phase 2 |time S1 0.18 -0.13 0.38 0.21 0.18 —-0.13 0.38 0.21
time S2 0.22 -0.08 0.14 0.08 0.22 -0.08 0.14 0.08
[aCOP AP -0.25 -0.12 -0.18 -0.02 -0.25 -0.12 -0.18 -0.02
ML -0.03 -0.16 0.11 -0.17 -0.03 -0.16 0.11 -0.17
Phase 3 msCOP AP -0.15 -0.29 -0.20 0.01 -0.15 -0.29 -0.20 0.01
ML 0.03 -0.25 0.11 -0.15 0.03 -0.25 0.11 -0.15
vCOP AP -0.29 -0.03 —0.42 0.24 -0.29 -0.03 —0.42 0.24
ML -0.20 -0.11 0.04 -0.02 -0.20 -0.11 0.04 -0.02
step-up step-down
+aCOP AP -0.30 0.01 —0.52 0.07 -0.17 0.04 —-0.11 0.03
ML -0.13 -0.04 —0.18 0.09 -0.25 -0.22 -0.29 —-0.11
AP —0.30 —0.11 —0.50 0.13 —0.17 0.05 —0.12 —0.04
Phase 1| rmsCOP om0 %0 ~0.12 021 0.12 —0.21 ~0.24 —021 | -0.10
VCOP AP —0.43 —0.05 -0.54 0.40 —0.24 —0.03 -0.34 0.28
ML -0.24 0.07 —0.28 0.09 —-0.11 —-0.06 —0.09 -0.05
transit time 0,16 0.06 —0.01 —0.04 —0.15 —0.01 —0.24 —0.09
Phase 2 |time S1 0,27 0.24 0.19 -0.23 -0.13 -0.02 -0.27 -0.10
time S2 0,19 —-0.03 0.02 0.06 0.00 —0.04 —0.04 0.04
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Table 4 continued

cop AP 032 ~0.19 ~0.14 0.11 2032 ~0.02 023 | 015
ML | —0.12 0,01 012 | -0.10 0.05 0.04 2003 | 025
AP | —033 028 018 0.13 2027 ~0.02 2019 | -0.10

p
Phase 31 rmsCOP =0 =05 ~0.02 ~0.07 20.03 2020 ~0.08 2009 | —0.08
cop AP 029 0.08 ~0.28 021 053 ~0.09 Z0.46 0.26
ML | 023 2005 011 0.07 2018 ~0.01 ~0.03 0.03

4. Discussion

The main objective of this study was to assess the
intra-rater reliability of the measurements obtained
with the proposed procedure of gait initiation in PD
patients and the elderly. The method allowed for the
assessment of various aspects of dynamic balance
during gait initiation in different conditions. Thanks to
its usage, one can gain new important information
about body stability before and after completing mo-
tor task and stability during making a step.

In clinical practice balance impairments are evalu-
ated by numerous standard functional tests, which are
also reliable methods. BBS has been the main tool
used to assess balance deficits in different disorders;
however, this scale was originally designed to evalu-
ate the risk of falling in elderly. The reliability of the
questionnaire is excellent (/CC = 0.6 to 0.9 for all
items) [1]. Similarly, the Tinetti test reaches good to
excellent reliability (/CC > 0.8) [15] and the results of
TUG present excellent reliability (/CC = 0.9) [20].
However, as mentioned before, all these tests are
subjective, highly dependent on the skills and experi-
ences of the assessor.

Traditional objective gait analysis is conducted
with three-dimensional motion analysis systems, which
has been approved as a valuable tool in the assessment
of gait disorders and objective evaluation of therapy.
Reliability of kinematic data from these systems is high
for motion in the sagittal plane (/CC = 0.97-0.99), the
frontal plane (/CC = 0.76-0.98), and the transverse
plane (/CC = 0.73-0.90) [28]. However, this method
assesses different aspects of gait and step initiation
compared to procedure proposed in this study. The pro-
posed procedure of dynamic balance assessment dur-
ing gait initiation is an objective method, as reliable as
three-dimensional motion analysis systems, moreover, it
is less expensive and simpler. The most valuable meas-
urements of the novel procedure are stability time 1,
stability time 2 and transit time. From the results of
the present study, these parameters demonstrate excel-
lent reliability in Parkinson’s disease patients (/CC =
0.8-0.9) and the elderly (/CC = 0.7-0.9).

Parkinson’s disease patients present balance and
gait deficits and step initiation problems. The gait
initiation problems in PD are associated with bradyki-
nesia and the prolonged preparatory time for move-
ment, what may reflect motor programming issues
[17], [18]. The presented procedure easily assess these
impairments of gait initiation, the stability time 1 and
the transit time may evaluate the signs of bradykinesia
and impairments of preparatory phase of gait. Also, it
is a reliable tool to detect the problems with regaining
stability after making a step (stability time 2), what
may reflect impaired active control of antigravity
muscles before the foot-contact of the swing limb
(active braking) [4]. Moreover, it is well known that
PD patients present increased postural instability and
gait disorders during performing an additional task
[6], [21], therefore a complex motor task such as
crossing obstacle or walking stairs maight be de-
manding in PD. Thus, our novel procedure evaluate
gait initiation in different condition, which are typical
for daily living, what may be helpful in an objective
diagnosis of the risk of falling in PD during their eve-
ryday tasks.

Furthermore, the stability time 1, stability time 2
and transit time values in PD were positively corre-
lated with UPDRS motor examination scores, TUG
and negatively correlated with BBS, Tinetti test and
FRT scores, what indicate the close association of
static and dynamic balance to gait. However, only
a few correlation between posturographic measure-
ments and clinical tests scores in control group were
recorded, what may testify that used tests are dedi-
cated to patients with motor disorders.

In recent study on PD patients, Barbosa et al. [2]
found a weak correlation between static posturography
and BBS (r = —0.34, p < 0.05). Similar results were
obtained by other authors [8], who recorded a signifi-
cant negative correlation between BBS and SD COP
in the frontal plane (» = -0.49, p = 0.007) and the area
of JOCOP (r =—0.53, = 0.004). Moreover, Souza et
al. [26] showed no significant correlations between
BBS, TUG and static posturography, but presented
significant correlations with dynamic balance test.
The authors reported a high correlation between time
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to perform TUG and the duration of obstacle crossing,
what is in accordance with the results of our study,
e.g., the significant positive correlation between TUG
and the stability time 1 during both crossing without
obstacle (r = 0.39, p < 0.05), and obstacle crossing
(r =0.37, p < 0.05). Moreover, the stability time 1 is
the variable that highly correlate with clinical tests in
all conditions, especially during obstacle crossing,
walking up and down the step. Each clinical test and
motor task requires postural adjustment, motor plan-
ning and correct movement sequence [26]. Our re-
sults indicate that the longer the preparatory time for
the movement, the longer the time of TUG perform-
ance. Also, the longer the stability time 1, the less
points patients gained in BBS, Tinetti test or FRT,
which is associated with increased risk of falling and
impaired stability. Similar relationships can be noted
in transit time, which also shows numerous negative
correlations with the FRT, Tinetti and BBS. There-
fore, on the basis of these results, it can be concluded
that the transit time and stability time 1 are good
predictors of disorders during preparatory time of
gait initiation.

There are some limitations to the use of the pro-
posed procedure for assessing patients with PD. It has
limited usefulness for evaluating the dynamic balance
of individuals in the later stages of the disease stage IV
or stage V of the H and Y scale. Furthermore, the stan-
dard gait evaluation is based on COM-COP analysis,
and the proposed procedure is, in our opinion, a sim-
plified assessment. Nevertheless, it is still useful in
clinical practice.

Results of this investigation indicate that, among
several parameters of the gait initiation test, the most
valuable are the stability time 1, stability time 2 and
transit time, when administered to PD patients and
healthy adults. Using three repetitions of trial al-
lowed for reliable measurement of dynamic balance.
Based on the results of this study, it can be stated
that a newly developed gait initiation procedure is
reliable and very suitable for the assessment of pa-
tients with Parkinson disease, and that it can be used
for an objective assessment of the clinical condition
and dynamic balance, what may be usable during
programming appropriate rehabilitation and treat-
ment.

Acknowledgements

The study was supported by the National Center for Research
and Development Grant under the program STRATEG MED III
within the “VB-Clinic” project No. STRATEGMED3/306011/
1/NCBR/2017. The authors declare no conflicts of interest.

References

[1] BABAEI-GHAZANI A., HOSEIN M., SHAHIDI G.A., HABIBI S.A.H.,
FOROGH B., AHADI T., EFTEKHARSADAT B., Reliability and
validity of the Persian translation of Berg Balance Scale in
Parkinson’s disease, Aging. Clin. Exp. Res., 2016, 1-6.

[2] BARBOsA A.F., DE OLIVEIRA SOUZA C., CHEN J., FRANCATO D.V.,
CAROMANO F.A., CHIEN H.F., BARBOSA E.R., D’ANDREA
GREVE JM., Voos M.C., The competition with a concurrent
cognitive task affects posturographic measures in patients with
Parkinson’s Disease, Arq. Neuro-Psiquiat., 2015, 73 (11),
906-912.

[3] Braszczyk J.W., CZERWOSZ L., Postural stability in the
process of aging, Gerontol. Pol., 2005, 13 (1). 25-36.

[4] CHASTAN N., Do M. C., BONNEVILLE F., TORNY F., BLOCHF.,
WESTBY G.W.M., DORMONT D., AGID Y., WELTER M.L., Gait
and balance disorders in Parkinson’s Disease: Impaired active
braking of the fall of centre of gravity, Mov. Disord., 2009,
24 (2), 188-195.

[5] CHMIELEWSKA D., SOBOTA, G., STANIA M., BEASzZCZAK E.,
StoMKA K.J., JURAS G., 4 comparison of a step-initiation
task in women with and without urinary incontinence. A case-
control study, Neurourol. Urodynam., 2018, 1-7.

[6] DoAN J.B., DE BRUIN N., PELLIS S.M., SUCHOWERSKY O.,
WHISHAW 1.Q., BROWN L.A., Obstacle avoidance amongst
Parkinson’s Disease patients is challenged in a threatening
context, J. Neurodegener. Dis., 2013, 1-8.

[7]1 EBERSBACH G., GUNKEL M., Posturography reflects clinical
imbalance in Parkinson’s Disease, Mov. Disord., 2011, 26 (2),
241-246.

[8] FERRAZZOLI D., FASANO A., MAESTRI R., BERA R,
PALAMARA G., GHILARDI M.F., PEzzoLl G., Frazzitta G.,
Balance dysfunction in Parkinson’s Disease. The role of posturo-
graphy in developing a rehabilitation program, Parkinson’s
Disease, 2015, 1-10.

[9] Hass C.J., WADDELL D.E., FLEMING R.P., Juncos J.L.,
GREGOR R.J., Gait initiation and dynamic balance control in
Parkinson’s Disease, Arch. Phys. Med. Rehab., 2005, 86,
2172-2176.

[10] IckeNSTEIN G.W., AMBACH H., Krobpitz A., KocH H.,
ISENMANN S., REICHMANN H., ZIEMSSEN T., Static posturo-
graphy in aging and Parkinson’s Disease, Front Aging.
Neurosci., 2012, 4, 1-7.

[11] JOzZEFOWICZ-KORCZYNSKA M., CHMIELECKA-RUTKOWSKA J.,
MAZERANT A., Clinical tests for balance stability and gait
assessment — Bedside Tests, Pol. Prz. Otorynolaryngol., 2016,
5, 57-63.

[12] JurkoOIC J., WODARSKI P., BIENIEK A., GZIK M., MICHNIK R.,
Influence of changing frequency and various sceneries on
stabilometric parameters and on the effect of adaptation in an
immersive 3D virtual environment, Acta Bioeng. Biomech.,
2017, 19 (3), 129-137

[13] JurRkOIC J., Balance disturbances coefficient as a new value
to assess ability to maintain balance on the basis of FFT
curves, Acta Bioeng. Biomech., 2018, 20 (1), 143-151.

[14] KAMIENIARZ A., MICHALSKA J., BRACHMAN A., PAWLOWSKI M.,
StoMkaA K.J., JURAS G., 4 posturographic procedure assessing
balance disorders in Parkinson’s disease: a systematic review,
Clin. Interv. Aging., 2018, 12 (13), 2301-2316.

[15] KEGELMEYER D.A, KLoOs A.D., THOMAS K. M., KosTyk S.K.,,
Research report reliability and validity of the Tinetti Par-
kinson’s Disease, Phys. Ther., 2007, 87, 1369-1378.



10 G. JURAS et al.

[16] MANCINI M., CARLSON-KUHTA P., ZAMmPIERI C., NUTT, J.G.,
CHIARI L., HORAK F.B., Postural sway as a marker of progres-
sion in Parkinson’s disease: A pilot longitudinal study, Gait
Posture., 2012, 36, 471-476.

[17] MARTIN M.,, SHINBERG M., KUCHIBHATLA M., RAY L.,
CAROLLO J.J., SCHENKMAN M.L., Gait initiation in community-
-dwelling adults with Parkinson’s Disease: Comparison with
older and younger adults without the Disease, Phys. Ther.,
2002, 82 (6), 566-5717.

[18] Morris M.E., HuxHAM F., McGINLEY J., Dopp K.,
IANSEK R., The biomechanics and motor control of gait
in Parkinson’s Disease, Clin. Biomech., 2001, 16 (6),
459-470.

[19] OPARA J., MALECKI A., MALECKA E., SocHA T., Motor
assessment in Parkinson’s Disease, Ann. Agr. Env. Med.,
2017,24 (3),411-415.

[20] PoDSIADLO D., RICHARDSON S., The timed “Up & Go”: a test
of basic functional mobility for frail elderly persons, J. Am.
Geriatr. Soc., 1991, 39 (2), 142-148.

[21] ROCHESTER L., HETHERINGTON V., JONES D., NIEUWBOER A.,
WILLEMS A., KWAKKEL G., VAN WEGEN E. et al., Attending
to the task: Interference effects of functional tasks on walking
in Parkinson’s Disease and the roles of cognition, depression,
fatigue and balance, Arch. Phys. Med. Rehabil., 2004, 85,
1578-1585.

[22] ScHONEBURG B., MANCINI M., Horak F.B., Nutt J.G,,
Framework for understanding balance dysfunction in Par-
kinson’s Disease, Mov. Disord., 2013, 28(11), 1474-1482.

[23] SHROUT P.E., FLEISS J.L., Intraclass correlation: uses in as-
sessing rater reliability, Psychol. Bull., 1979, 86, 420—428.

[24] SNUDERS A.H., LEUNISSEN 1., BAKKER M., OVEREEM S.,
HeLmicH R.C., BLOEM B.R., ToNI 1., Gait-related cerebral
alterations in patients with Parkinson’s Disease with freezing
of gait, Brain, 2011, 134(1), 59-72.

[25] SOTO-VARELA A., ROSSI-IZQUIERDO M., FARALDO-GARCIA A.,
VAAMONDE-SANCHEZ-ANDRADE 1., GAYOSO-Diz P., LIROLA-
-DELGADO A., SANTOS-PEREZ S., Balance disorders in the
elderly: Does instability increase over time?, Ann. Oto. Rhino.
Laryn., 2016, 125(7), 550-558.

[26] Souza C., Voos M.C., BARBOSA A.F., CHEN J., FRANCATO
D.C.V., MILOSEVIC M., Popovic M., FONOFF E.T., CHIEN H.F.,
BARBOsA E.R., Relationship between posturography, clinical
balance and executive function in Parkinson’s Disease, J. Motor.
Behav., 2018, 1-10.

[27] STANIA M., SARAT-SPEK A., BLACHA T., KAZEK B., SLOMKA K.J.,
EMICH-WIDERA E., JURAS G., Step-Initiation Deficits in Children
with Faulty Posture Diagnosed with Neurodevelopmental
Disorders during Infancy, Front Pediatr., 2017, 5 (239), 1-7.

[28] TsusHIMA H., MoRrriS M.E., MCGINLEY J., Test-Retest
Reliability and Inter-Tester Reliability of Kinematic Data from
a Three-Dimensional Gait Analysis System, J. Jpn. Phys. Ther.
Assoc., 2003, 6, 9-17.

[29] VALLABHAJOSULA S., BUCKLEY T.A., TILLMAN M.D., Hass C.J.,
Age and Parkinson’s disease related kinematic alterations during
multi-directional gait initiation, Gait Posture, 2013, 37, 280-286.

[30] WHIPPLE R., WOLFSON L., DERBY C., SINGH D., TOBIN J., Altered
sensory function and balance in older persoms, J. Gerontol.,
1993, 48 (8), 71-76.

[31] WINTER D.A., Human blance and posture control during
standing and walking, Gait Posture, 1995, 3 (4), 193-214.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


