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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 SŁOMKA

Institute of Sport Sciences, The Jerzy Kukuczka Academy of Physical Education in Katowice, Poland.

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 (ICC > 0.80). For transit phase, reliability of all variables in all
conditions also was excellent (ICC = 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.

______________________________

* Corresponding author: Grzegorz Juras, Institute of Sport Sciences, The Jerzy Kukuczka Academy of Physical Education in Katowice,
ul. Mikołowska 72a, 40-065 Katowice, Poland. E-mail: g.juras@awf.katowice.pl

Received: September 3rd, 2019
Accepted for publication: November 28th, 2019



G. JURAS et al.4

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
III, 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
disease subjects

Elderly
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 ± 6.2 166.3 ± 7.3
H&Y II – III –
UPDRS-III [pts] 19.1 ± 9.8 –
BBS [pts] 48.3 ± 8.8 55.2 ± 1.4
Tinneti [pts] 21.9 ± 6.2 27.9 ± 0.3
FRT [cm] 23.7 ± 7.9 29.8 ± 5.5
TUG [s] 10.1 ± 4.0 6.4 ± 1.0
MMSE [pts] 27.5 ± 2.5 28.2 ± 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.

Fig. 1. The experimental set-up

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 (ICC < 0.40),
moderate (0.40 ≤ ICC < 0.60), good (0.60 ≤ ICC < 0.80),
and excellent (ICC > 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 (ICC = 0.8–0.9).
For phase 3, in unperturbed trial the vCOP, raCOP
and rmsCOP showed somewhat lower, but yet good,
reliability (ICC = 0.7–0.9). In other conditions all vari-
ables presented an excellent reliability (ICC > 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 (ICC = 0.6–0.9), but
for ML direction in obstacle crossing, the reliability
of raCOP and rmsCOP was moderate (ICC = 0.4).
However, in other conditions, all variables ICC val-
ues were excellent (ICC = 0.8–0.9). For phase 2,
reliability of all variables in all conditions was good
and excellent (ICC = 0.7–0.9). For phase 3 in un-
perturbed and obstacle trials, the raCOP, rmsCOP
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and vCOP in AP direction presented a good and ex-
cellent reliability (ICC = 0.6–0.9), in ML direction
the vCOP, raCOP and rmsCOP showed somewhat
lower ICC values (ICC = 0.5–0.9). However, in other
conditions, all variables ICC values were good and
excellent (ICC = 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 2. ICC values in 30-s trial, repeated three times

Parkinson’s disease subjects Elderly healthy subjects
ICC values

Phase Variable
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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

rmsCOP
ML 0.9 0.9 0.8 0.9 0.8 0.3 0.8 0.9
AP 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9

Phase 1

vCOP
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
stability time 1 0.9 0.9 0.8 0.9 0.9 0.9 0.9 0.9Phase 2
stability time 2 0.9 0.9 0.9 0.8 0.8 0.7 0.8 0.8

AP 0.8 0.8 0.8 0.8 0.6 0.8 0.8 0.8
raCOP

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

rmsCOP
ML 0.8 0.8 0.9 0.9 0.6 0.9 0.8 0.7
AP 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9

Phase 3

vCOP
ML 0.9 0.9 0.9 0.9  0.8 0.9 0.9 0.8

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

UPDRS BBS FRT Tinetti TUG  UPDRS BBS FRT Tinetti TUG
Phase

unperturbed  obstacle
AP 0.51 –0.31 –0.21 –0.30 0.17 0.39 –0.35 –0.14 –0.34 0.19

raCOP
ML 0.39 –0.13 –0.11 –0.25 0.07 0.33 –0.12 –0.06 –0.19 0.09
AP 0.47 –0.31 –0.21 –0.30 0.20 0.37 –0.26 –0.08 –0.23 0.15

rmsCOP
ML 0.35 –0.14 –0.13 –0.27 0.09 0.32 –0.09 –0.03 –0.15 0.02
AP 0.53 –0.38 –0.46 –0.34 0.21 0.49 –0.30 –0.36 –0.29 0.13

Phase 1

vCOP
ML 0.35 –0.15 –0.14 –0.22 0.07 0.29 –0.10 –0.08 –0.17 0.03

transit time 0,58 –0.39 –0.31 –0.57 0.19 0.58 –0.35 –0.38 –0.42 0.27
time S1 0,66 –0.52 –0.51 –0.66 0.39 0.67 –0.44 –0.42 –0.54 0.37Phase 2
time S2 0.42 –0.30 –0.27 –0.46 0.17 0.52 –0.30 –0.44 –0.38 0.21



Assessment of dynamic balance during step initiation in Parkinson’s disease patients and elderly – a validity study 7

Table 3 continued

AP 0.34 –0.41 –0.21 –0.51 0.34 0.34 –0.33 –0.08 –0.50 0.23
raCOP

ML 0.33 –0.27 –0.17 –0.41 0.27 0.25 –0.26 –0.04 –0.50 0.29
AP 0.28 –0.36 –0.14 –0.43 0.28 0.32 –0.30 –0.10 –0.50 0.16

rmsCOP
ML 0.35 –0.18 –0.13 –0.37 0.12 0.38 –0.31 –0.10 –0.50 0.32
AP 0.56 –0.44 –0.41 –0.52 0.39 0.50 –0.39 –0.32 –0.51 0.28

Phase 3

vCOP
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
AP 0.33 –0.20 –0.11 –0.26 0.13 0.30 –0.19 –0.25 –0.24 0.09

raCOP
ML 0.27 –0.20 –0.14 –0.38 0.20 0.15 –0.08 –0.23 –0.07 0.05
AP 0.29 –0.17 –0.07 –0.14 0.07 0.19 –0.10 –0.15 –0.14 0.03

rmsCOP
ML 0.34 –0.19 –0.15 –0.29 0.12 0.09 0.06 –0.08 0.06 -0.12
AP 0.40 –0.24 –0.39 –0.28 0.09 0.37 –0.30 –0.34 –0.22 0.12

Phase 1

vCOP
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
time S1 0.67 –0.43 –0.36 –0.46 0.19 0.64 –0.40 –0.56 –0.51 0.33Phase 2
time S2 0.51 –0.32 –0.35 –0.33 0.12 0.44 –0.35 –0.40 –0.39 0.24

AP 0.17 –0.29 –0.14 –0.43 0.29 0.28 –0.34 –0.11 –0.33 0.23
raCOP

ML 0.20 –0.24 –0.13 –0.47 0.29 0.40 –0.19 –0.11 –0.33 0.19
AP 0.24 –0.34 –0.14 –0.41 0.30 0.32 –0.36 –0.13 –0.42 0.26

rmsCOP
ML 0.28 –0.25 –0.14 –0.51 0.27 0.44 –0.16 –0.13 –0.33 0.15
AP 0.41 –0.39 –0.43 –0.50 0.44 0.54 –0.39 –0.44 –0.41 0.25

Phase 3

vCOP
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
AP –0.03 –0.03 –0.10 0.08 –0.03 –0.03 –0.10 0.08

raCOP
ML 0.07 0.18 0.00 –0.04 0.07 0.18 0.00 –0.04
AP –0.08 –0.09 –0.17 0.13 –0.08 –0.09 –0.17 0.13

rmsCOP
ML 0.02 0.09 –0.06 0.02 0.02 0.09 –0.06 0.02
AP –0.23 0.02 –0.24 0.28 –0.23 0.02 –0.24 0.28

Phase 1

vCOP
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
time S1 0.18 –0.13 0.38 0.21 0.18 –0.13 0.38 0.21Phase 2
time S2 0.22 –0.08 0.14 0.08 0.22 –0.08 0.14 0.08

AP –0.25 –0.12 –0.18 –0.02 –0.25 –0.12 –0.18 –0.02
raCOP

ML –0.03 –0.16 0.11 –0.17 –0.03 –0.16 0.11 –0.17
AP –0.15 –0.29 –0.20 0.01 –0.15 –0.29 –0.20 0.01

rmsCOP
ML 0.03 –0.25 0.11 –0.15 0.03 –0.25 0.11 –0.15
AP –0.29 –0.03 –0.42 0.24 –0.29 –0.03 –0.42 0.24

Phase 3

vCOP
ML –0.20 –0.11 0.04 –0.02  –0.20 –0.11 0.04 –0.02

 step-up step-down
AP –0.30 0.01 –0.52 0.07 –0.17 0.04 –0.11 0.03raCOP 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 –0.04rmsCOP ML –0.20 –0.12 –0.21 0.12 –0.21 –0.24 –0.21 –0.10
AP –0.43 –0.05 –0.54 0.40 –0.24 –0.03 –0.34 0.28

Phase 1

vCOP 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
time S1 0,27 0.24 0.19 –0.23 –0.13 –0.02 –0.27 –0.10Phase 2
time S2 0,19 –0.03 0.02 0.06 0.00 –0.04 –0.04 0.04
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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 (ICC = 0.6 to 0.9 for all
items) [1]. Similarly, the Tinetti test reaches good to
excellent reliability (ICC > 0.8) [15] and the results of
TUG present excellent reliability (ICC = 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 (ICC = 0.97–0.99), the
frontal plane (ICC = 0.76–0.98), and the transverse
plane (ICC = 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 (ICC =
0.8–0.9) and the elderly (ICC = 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 (r = –0.49, p = 0.007) and the area
of ��COP (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

Table 4 continued

AP –0.32 –0.19 –0.14 0.11 –0.32 –0.02 –0.23 –0.15
raCOP

ML –0.12 –0.01 –0.12 –0.10 0.05 0.04 –0.03 –0.25
AP –0.33 –0.28 –0.18 0.13 –0.27 –0.02 –0.19 –0.10

rmsCOP
ML –0.05 –0.02 –0.07 –0.03 –0.20 –0.08 –0.09 –0.08
AP –0.29 0.08 –0.28 0.21 –0.53 –0.09 –0.46 0.26

Phase 3

vCOP
ML –0.23 –0.05 –0.11 0.07 –0.18 –0.01 –0.03 0.03
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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.
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