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Introduction

There is a lack of studies comparing postural
instability and gait impairment of early and

Abstract

BACKGROUND: Gait disorders or postural instability has been done before. However, lack of reviews has
addressed the relation between gait and postural stability in Parkinson's disease (PD).

AIM: The aim was to evaluate the relation between gait parameters and postural stability in early and late stages
of PD.

MATERIALS AND METHODS: The forty-one idiopathic PD patients were divided into two groups into a group (A)
considered as early PD and group (B) considered as late ambulant PD. They were evaluated for postural stability
by computerised dynamic posturography (CDP) device and gait analysis using an 8 m-camera Vicon 612 data
capturing system set.

RESULTS: There was a statistically significant improvement of composite equilibrium score, the composite
latency of motor response, walking speed and cadence after treatment as compared to before training (p < 0.05)
in early PD. However, in the late PD, there was a non-significant change of previous parameters after treatment
as compared to before training (p > 0.05).There was a significant correlation between UPDRS motor part score,
walking speed and composite equilibrium score after training in early PD (p > 0.05).

CONCLUSIONS: Both gait analysis and CDP are important quantitative assessment tools of gait and posture
instability.

characteristic changes in resting tremor, muscle
rigidity, bradykinesia, and postural instability and the
gait instability risk as well as due to decreased
stimulation of the motor cortex by the basal ganglia
and The PD gait is mainly characterized by a
reduction of gait speed and stride length leading to

late

idiopathic Parkinson‘s disease (PD) patients with
healthy elder subjects. Thus, our aim was to
evaluate the correlation of postural stability and gait
parameters by using computerised dynamic
posturography and an 8 m-camera Vicon 612 data
capturing system setin early and late stages PD as
well as visual feedback-based balance training
effects.

Parkinson's disease (PD) is a typical
disorder of the basal ganglia. It is associated with

falls [1].

Gait disorder is one of the cardinal features
of Parkinson‘s disease. Understanding how gait is
influenced by PD is perhaps the most important
task [2]. Gait analysis plays an important role in
maintaining human mobility and is a valuable tool for
obtaining quantitative information on motor deficits in
PD [3]. Moreover, postural instability is a major
problem in PD; it increases the frequency of fall
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episodes and their consequences in PD [4].

A most of rating scales are used for the
evaluation of motor impairment and disability in
patients with PD including Hoehn and Yahr scale and
the Unified Parkinson's Disease Rating Scale
(UPDRS) in PD. The Hoehn and Yahr scale defines
broad categories of motor function and disease
progression in PD. The UPDRS is the most well-
established scale for assessing disability and
impairment  [5, 6]. Computerising  dynamic
posturography measures postural instability assists in
the analysis of the functional aspects of the body
imbalance, treatment and prognosis of PD [7].

The aim of this study was to evaluate the
relation between gait parameters and postural stability
in early and late stages of PD by using
computerised dynamic posturography and gait
analysis using an 8 m-camera Vicon 612 data
capturing system set. Also, to evaluate visual
feedback-based balance training effects in early and
late stages of PD. Moreover, we explored the
correlation between postural stability and gait
parameters in PD patients.

Patient and Methods

Patients

The forty-one idiopathic Parkinson‘s disease
(IPD) patients were divided into two groups
according to a modified Hoehn and Yahr Staging
Scale (mHY). The group A (n = 20) was early-stages
Parkinson's disease (early PD) with mH&Y &Y about
1.52 + 0.44 and the group B (n = 21) was late-
stages ambulant Parkinson‘s disease (late PD) with
mH&Y about 3.23 +0.56 [8, 9]. In twenty early-
stages PD patients were without a history of falling,
or other balance problems were included. Group C
(n =18) is eighteen healthy elderly subjects' matched
age and sex as a control group. Those patients were
chosen from outpatient clinics, neurological
department.

The Modified Hoehn and Yahr staging scale
(mHY) is a commonly used system for describing the
progress of PD. It included stages 1 through 5 with
the addition of stages 1.5 and 2.5 to help describe the
intermediate course of the disease [8, 9]. The Unified
PD Rating Scale (UPDRS) was done in early and late
PD [9].

Parkinson’s disease (PD) was diagnosed on
clinical criteria; there is no definitive test for
diagnosis. The diagnosis was based on the criteria of
the UK Parkinson‘s Disease Society Brain Bank,
which requires the presence of bradykinesia and at
least one of the three cardinal signs of Parkinson‘s

disease: tremor at rest, muscle rigidity, and postural
instability [10, 11].

Inclusion criteria of our patients included the
patients with the ability to ambulate 25 feet
independently and willingness to participate in this
study. The exclusion criteria included the external and
middle ear disorders; those with psychiatric disorders;
major surgery; or who had severe visual impairment;
orthopaedic disorders resulting in limited movement
or who have received body balance rehabilitation in
the last six months.

All patients gave their informed verbal
voluntary consent to use the recorded data in their
follow up sheets according to the protocol approved
by the local ethics committee and by the ethical
standards of the Helsinki Declaration.

Methods

The Functional Independence Measure (FIM)
is an instrument that aims to describe activities of
daily living (ADL) and levels of dependency/
independency. It is designed 18 items including 13
physical items and 5 cognitive/social items. Each
item is rated on a seven-point scale, from total
assistance to complete independence. Total scores
range from18 to 126, with 126 indicating complete
independence [12]. The Berg Balance Scale (BBS)
also was used to assess balance. Thirty-eight
component balance tests were originally selected and
then refined to 14 items, each scored from O to 4,
making a possible total score between 0 and 56, with
a higher score indicating better balance [13].

Gait analysis (a video motion analysis
system) was conducted using an 8 M-camera Vicon
612 data capturing system set at 120 Hz, and 3
force plates mounted midway on an 8-m walkway.
Retro-reflective markers were placed on the specific
anatomic points of the subjectslower limbs,
enabling 3-dimensional analysis during the gait
cycle. These points were the anterior superior iliac
spines, sacrum, mid thighs, lateral malleoli, a
dorsolateral aspect of the foot between the
second and third metatarsal heads, and on the
calcaneus. Workstation and Polygon software were
used to manually define gait cycle events and to
process kinematic and kinetic data [14]. Assessment
and training for postural stability wsere done by using
computerised dynamic posturography (CDP) device.
The SMART Balance Master was used for
assessment by the sensory organisation test (SOT)
and motor control test (MCT). (The SMART Balance
Master, NeuroCom International, Inc., Clackamas,
OR, USA) [15].

The sensory organisation test (SOT) s
included six test conditions which lasting 20 seconds
each and repeated three times to get stable values.
The first three conditions include SOT 1 (eyes
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open), SOT 2 (eyes closed), SOT 3 (sway-
referenced vision with standing on a fixed platform
called static posturography. The second three
conditions include SOT 4 (eyes open), SOT 5 (eyes
closed), SOT 6 (sway-referenced vision with standing
on a moving platform called dynamic posturography.
Composite equilibrium score (CES%) was calculated
that describes the overall level of performance under
the six conditions. Scores range from 0 to 100, with O
representing a fall and 100 representing perfect
stability [15].

Motor control test (MCT) assesses the ability
of the motor control system to recover from an
unpredictable forward or backwards perturbation. In
this test, sequences of small, medium, and large
platform translations in forward and backwards elicit
automatic postural responses that are quantified in
term of response latency (the time delay between the
perturbation and the initiation of a change in force for
each leg in msec). The composite latencies of the
motor responses were calculated and describe the
overall level of performance during all the MCT trials
[15].

All patients received complex training course
for three months including visual feedback balance
training (twice weekly) by wusing CDP and
conventional physical therapy (three times weekly).
All patients were evaluated by CDP before and three
months after the training program.

Statistical analysis

We used SPSS (Statistical Package from
Social Science Program) version 15.0 for data
processing (SPSS Inc, Chicago, IL, USA).
Quantitative data were presented as mean (+ SD).
Statistical evaluation of the data was performed with
one—-way analysis of variance (ANOVA) test for
multiple comparisons between early PD, late PD
groups and control group. Findings with an error
probability value of less than 0.05 were considered as
statistically significant, that of less than 0.001 were
considered as highly significant. Correlation between
variables was done, and Pearson correlation
coefficient was calculated. All tests were 2-tailed and
considered statistically significant at p < 0.05.

Results

We found postural instability in early PD and
late PD groups as shown Table 1 and Figures 1 & 2.
We found a significant decline of mean (x SD) of
FIM score, BBS score, composite equilibrium score
(CES%) and a significant increasing of mean (x SD)
of composite latency of motor response (msec) in
early and late PD as compared with results of control

group (p < 0.05). Moreover, there was a statistically
significant decline of the mean (x SD) of UPDRS -
Motor part score, FIM score, BBS score and CES%,
and significant rise of the mean (x SD) of
composite latency of motor response in late PD as
compared with results of early PD.

Table 1: Baseline Demographic, clinical and posture
characteristics by sensory organisation test and motor
control test in PD patients and control group

ey Gmea SRR
(Mean = SD) subjects (18) Early PD (20) PD (21)
Comparison Aand B and A and
p control control B
Age (years) 56.39+6.29 61.10£4.94 62.61 +4.52 (P >0.05) NS
Sex (male/female) 13/5 14/6 15/6 -
BMI, kg/m"2 2235+218 21.32+2.34 22.39+199 (P>0.05)NS
Disease duration 370150  10.63+3.16
(years)
mH&Y score 1.52 +0.44 3.23+0.56
UPDRS - motor part 36.01+555  28.26+8.36
score
75.50+£7.05* 18.23 +10.96* .
FIM score 108.61 £ 8.18 (*P <0.05) (*P <0.05) (*P <0.05)
40.15+5.31* }9.57 £6.39 *

BBS score 45.83 +6.84 (*P <0.05) (P <0.05) (P >0.05) NS
Composite " *

o 54.25+ 9.55 43.38+7.92
equilibrium score 73.16 £ 6.65 (*P <0.05)
(CES %) (*P <0.05) (*P <0.05)
Composite latency of
motor response 131.16 £9.79 163.25 + 10.89* 201.28 £ 2.86* (*P <0.05)

(*P <0.05) (*P <0.05)

(msec )

Body Mass Index (BMI); Modified Hoehn and Yahr (mH&Y); Unified Parkinson's
Disease Rating Scale (UPDRS); functional independence measure (FIM) ; Berge
balance scale (BBS); composite equilibrium score (CES%) of sensory organization
test (SOT); composite latency of motor response (msec ) of motor control test (MCT) ;
Non-Significant (NS) P > 0.05; Significant * P < 0.05; highly significant ** P < 0.001;
(ANOVA).

We found slow walking speed, lower
cadence, stride length reduction, a decline of a range
of ROM of hip flexion on the swing, a hip extension on
stance and knee flexion on swing and ankle planter
flexion of PD gait as shown Table 2 and Figures 3 and
4.

Sensory Organization Test

{sway Referenced Gein: 1.0)

Equilibrium Score

Conditions 1
SOM VIS VEST PREF mark A

2 3 4
° X o +

Figure 1: Composite equilibrium score of SOT parameters
with Composite Equilibrium Score (CES) about 35 % for
Parkinson diseases (PD) patient

There was the significantly slow walking
speed, lower cadence and reduction of stride length
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(p < 0.05) and is accompanied by a longer duration of
stride time. While, there was the significant decline in
a range of motion of joints of maximum hip flexion on
the swing, a maximum hip extension on stance and
maximum knee flexion on the swing of PD gait (p <
0.05), and non-significantly change of ankle planter
flexion(p > 0.05).

Motor Control Test
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Figure 2: Composite latency of motor response of motor control test
(MCT) for Parkinson diseases (PD) patient

Also, we found improvement in UPDRS motor
part score, FIM score, BBS score, composite
equilibrium score, the composite latency of motor
response, walking speed, cadence and stride length
after visual feedback-based balance training only in
early PD as shown Table 3.

Table 2: Comparison of kinetic and kinematic gait parameters
in PD patients and the control group

Parameters Group C, Group A Group B,

(p > 0.05) after treatment as compared to results
before training in early PD. However, there was a
non-significant change of previous parameters after
treatment as compared to results before training (p >
0.05) in the late PD.

Gait Lab

VICON Gait Analysis

Laboratory

PATIENT DATA

[Patient Name: AFTAF AHMED
[Date of Birth : a8

[Address: ALRAGE!
Pathology: PARKINSONISN

[Date : 22/2/2010
Phone:

SPATIO TEMPORAL PARAMETERS :

Lett Right
102 steps/min 118 steps/min

0208 0228

58.5%

478 %

Single Support: 38.2

Step Length <Right Step Length=

vgth: 0,62 + 0.081

Step Time

Figure 3: Kinetics: gait cycle parameters for Parkinson diseases
(PD) patient

We found that gait velocity and step length,
composite equilibrium score and composite latency of
motor response were the only parameters which
correlated with an improvement on the UPDRS
motor part after visual feedback-based balance
training in early PD as shown in Table 4 and Figure 5.

Table 3: Comparison of UPDRS - Motor part score, FIM
score, BBS score, posture and gait parameters before and
after training in early and late PD

Group A, Early PD Group B, late ambulant PD

Before training After Training Before training After Training

(Mean £SD) the control Early PD late ambulant "
subjects PD UPDRS - molor 56011555 403 (;;616110 28.26 + 8.36 2;3 '6(? ;57'325
Comparison - Aand B and A and part score (p < 0.001) (P >0.05)
control control B 80.85 + 6.99* 49.23+10.34
FIM score 75.50 +7.05 48.23 + 10.96
1- Kinetic parameters (p<0.05) (P >0.05) NS
and Gait cycle BBS score 39.40 +3.25 43.28 +6.73* 3957 +6.39 38.00 +4.73
Walking speed 0.85+0.09 0.98 +0.08* 1.13 +0.08* (*P <0.05) (p<0.05) R (P >0.05) NS
(m/s) (*p<0.05) (*p<0.05) Composite .
equiibriumscore 5425955 0390£ 854" 43384797 (A2~ 85Y
Cadence 108.83+9.33 92.50+505* 80.76 £5.69* (P <0.05) (CES %) (p<0.001) (P>0.05)
(steps/min) ('p<0.05) ('p<0.05) Composite 152.25 £ 19.17 20019 + 4.28
25+ 19.17* 19 +4.
Stride length (m) 136+006 120008 127011 (P >0.05)NS latency of motor  163.25 + 10.89 (0<0.05) 201282286 ‘b 0 05) NS
(*p<0.05) (*p<0.05) \rl\els’l);"se (mszc) — o
Stride time (s) 1212012 1.24:005 1292010 (P >0.05) NS alking spee 0.98 + 0.08 23£0.10* 113 +0.08 130,
(p>0.05) NS (p>0.05) NS (m/s) AR (p<0.05) o (P >0.05) NS
2- Kinematic Cadence 99.87 + 6.86* 82.14 +5.78
parameters (Joint (steps/min) 92.50£5.05 (p<0.05) 80.76£569 51005 NS
rotation angles) . 1.24 £ 0.09* 127012
Maximum hip —1547+2.69 —7.60 % 1.84* 5056+ 1.23" (*P <0.05) Stride length (m) ~ 1.29.+0.08 £<0.05) 1.27 £0.11 (P >0.05) NS
extension on stance (*p<0.05) (*p<0.05) o1 + 0.05 131 " 007
(degrees) Stride time (s) 1.24 £0.05 I .>O 65)-NS 1.29+0.10 (P.>0 65)' NS
Maximum hip flexion  29.8L £5.75 14.95%3.40 10.89 290  (*P <0.05) . :
on swing (degrees). (*p<0.05) _ (*p<0.05) _ _ Unified Parkinson's Disease Rating Scale (UPDRS); functional independence
Maximum knee flexion 46.74 + 3.50 39-*50 +5.91 33-*30 +4.62 (*P <0.05) measure(FIM); Berge balance scale (BBS); composite equilibrium score (CES%);
on swing (degrees) (*p<0.05) (*p<0.05) composite latency of motor response (msec ); Non-Significant (NS) P > 0.05; Significant *
Plantar flexion -0.42 £ 0.07 0.42 £0.05 -0.39 £+ 0.07 (P >0.05) NS P < 0.05; highly significant **P < 0.001.
Ankle (degrees) (p>0.05) NS  (p>0.05) NS

Non-Significant (NS) p > 0.05; Significant *P < 0.05; highly significant *P < 0.001;
(ANOVA).

There was a  statistical  significant
improvement of UPDRS motor part score, FIM score,
BBS score, composite equilibrium score, composite
latency of motor response, walking speed, cadence
and stride length in early PD (p < 0.05), non-
significant improvement of mean (x SD) of stride time

This suggests that particularly highly mobile
PD patients benefit from visual feedback-based
balance training in early PD. After visual feedback-
based balance training in patients with early PD,
there was a significant correlation between the
UPDRS motor part after training and walking speed (r
= 0.686, p < 0.001), step length (r = 0.875, p < 0.001),
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composite equilibrium score (r = 0.431, p < 0.05) and
composite latency of motor response (r = 0.827, p <
0.001).

Pelvic Tilt

Hip Flex/Extension Hip Rotation

Figure 4: Kinematics (joint rotation angles): Average curves of
joint rotation angles for Parkinson diseases (PD) patient (less
dark line) and control subject (dark line) with low angle of hip
joints

Discussion

There is a lack of reviews to evaluate the
effectiveness of visual feedback-based balance
training in patients with Parkinson‘s disease (PD). We
believe that a specific early rehabilitation treatment in
patients with PD aimed at altered balance control
mechanism. We aim to evaluate visual feedback-
based balance training effects on posture stability and
gait in early and late stages of PD.

Table 4: Linear regression correlation of the UPDRS
motor part and walking speed, step length, composite
equilibrium score and composite latency of motor response
after visual feedback-based balance training in early PD
patients

Correlation UPDRS motor part
after training in early PD
r=0.686** (P <0.001)
r=0.875** (P <0.001)
r=0.431* (P <0.05)
r=0.827* (P <0.001)

Walking speed

Step length

Composite equilibrium score
Composite latency of motor response

** Correlation is significant at the 0.01 level (2-tailed); Non-Significant (NS) P > 0.05;
significant *P < 0.05; highly significant P < 0.001.

In the present study, we found postural
instability in early PD and late PD groups with a
significant decline of composite equilibrium score and
UPDRS - Motor part score in early PD and late PD
groups as compared with control group (p < 0.05).

Our findings are supported by other
publications; some authors reported that decline of
UPDRS with motor impairment in PD [16]. Others
found that of the UPDRS impairment is associated
with gait impairment in PD [6]. Others found postural
instability with the frequency of fall episodes in PD
[4]. The postural instability may induce difficulties
with transfers, gait disorders and falls in PD [17].

Also, postural instability is one of the hallmarks of PD
and major risk factors of falling in PD [18]. Others
suggested that posturography may identify early
signs of postural instability and treatment of
Parkinson’s disease [19].
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Figure 5: Correlation between the UPDRS motor part and
walking speed (r = 0.686, p < 0.001) after visual feedback-based
balance training for early Parkinson diseases (PD) patient (top).
Correlation between the UPDRS motor part and step length (r =
0.875, p < 0.001) after visual feedback-based balance training for
early Parkinson diseases (PD) patient (middle). Correlation between
the UPDRS motor part and Composite equilibrium score (CES) (r =
0.431, p < 0.05) after visual feedback-based balance training for
early Parkinson diseases (PD) patient (bottom)

The pathophysiology of postural instability is
not yet fully understood in PD. Several mechanisms
have been explained the postural instability in PD,
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including abnormal  postural reflexes, gait
abnormalities and impaired proprioception [19]. Also,
others have been explained the postural instability
by impaired proprioception in late PD [20]. Basal
ganglia neurones may have many proprioceptive
receptive deficits which may explain the impaired
postural in late PD [21]. Also, the afferent
proprioceptive information to the basal ganglia may
be normal, but these signals are perhaps abnormally
within the basal ganglia due to defective higher
level integration in PD [22]. Moreover, several other
factors may contribute to postural instability in PD
patients such as their ability to integrate visual,
vestibular, and proprioceptive inputs as well as
orthostatic hypotension or age-related sensory
changes [18].

In the present study, we found slow walking
speed, lower cadence, stride length reduction, a
decline of a range of ROM of hip flexion on the swing,
a hip extension on stance and knee flexion on swing
and ankle planter flexion of PD gait. Our findings are
supported by previous studies; some author
reported there was a decrease of stride length
and velocity. The velocity reduction is related to stride
length shortening, but may not be related to cadence
[23]. Also, other authors found the decrease in gait
velocity and stride length shortening in PD [24]. The
velocity decrease seems to be related to cadence in
initial stages of PD [25]. The stride velocity and
length and cadence may produce a slower gait in PD
[26]. The reduction of stride length is considered the
most prominent feature of PD gait and is
accompanied by lower walking speed [27]. The PD
results showed a significant reduction in step length
and walking velocity compared with controls [28].

Our finding was in agreement with other
studies in the kinematics, Morris et al. found reduced
ROM values for all major joints of the lower extremity
in the PD [27]. Other data show a hip extension
deficit, decreased knee extension during single stance
support, and reduced ankle plantar flexion at the toe-
off. Importantly, all these changes can be explained
by or contribute to a shortened stride length [29]. The
subjects with PD had limited hip flexion, inadequate
knee extension, or absent heel strike. At the ankle
joint, the dorsiflexion moment was reduced in the PD
[28]. In disagreement with our results, some author
did not find any differences in the knee and hip
kinematic variables of PD patients on therapy
comparing with a control group in their recent
extensive description of PD gait [24].

Several mechanisms have been explained
gait impairments in PD including alterations at the
peduncle pontine area, the substantia nigra, and the
temporal neocortex and the prefrontal cortex are as
in the advanced stage of PD [30]. Gait impairments
probably result from the progressive loss of dopamine
producing cells in the substantia nigra of basal ganglia
[24].

Also, we found improvement in UPDRS motor
part score, FIM score, BBS score, composite
equilibrium score, the composite latency of motor
response, walking speed, cadence and stride length
after visual feedback-based balance training only in
early PD. Other results were in agreement with our
study, Others suggest that early rehabilitation
treatment aimed to improve the balance control by
several mechanisms have to include (a) stretching
exercises to minimize the stiffness of the ankle, (b) a
weight-shift training program, to improve balance
control, (c) a proprioceptive-motor training, and (d) a
balance training based on visual and auditory
feedback [31]. Also, others found that gait training
with visual cues for one month was successful in
improvement in gait speed and step length and
increasing th e stability of the motor system [32].

We found that gait velocity and step length
and composite equilibrium score were the
parameters which correlated with an improvement on
the UPDRS motor part after visual feedback-based
balance training in early PD. This suggests that
particularly highly mobile PD patients benefit from
visual feedback-based balance training in early PD.
Our finding agreed with other studies, others found
that gait velocity and step length were the parameters
which correlated with an improvement on the UPDRS
motor part after Nordic walking (also called pole
walking) in PD [33]. Gait velocity correlates with the
UPDRS motor part in PD [34]. A positive correlation
was observed between gait speed and UPDRS score
in response to the intervention treatment [35]. The
stride length presented significant correlation with
motor UPDRS and timed up & goes and the velocity
had correlation with Timed up & goes [23]. In contrast,
no correlation was found between stride length or
walking velocity and power generation at the ankle,
knee, and hip joints in the PD group [28].

Finally, several hypotheses have been
explained the improvements of gait by visual
feedback-based balance training. The first possible
set of explanations is related to the visual
information  provided by training and some
conditions visual information may improve locomotion
and relieve freezing [36]. Another explanation could
be that the distance from the front of the visual
feedback training is used as a static visual cue,
provides constant the position of the body and can
be guided externally rather than internally in PD gait
[37].

We conclude that both gait analysis and
computerised dynamic posturography are important
guantitative assessment tools of gait and posture
instability as well as visual feedback-based balance
training program can improve gait parameters and
postural stability in early PD.

The balance dysfunction and gait impairment
can be discovered before its appearance by using a
CDP and gait analysis that these data may allow
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developing a specific rehabilitative treatment to
prevent or delay their onset in early PD. Visual
feedback- based balance training is simple, safe,
and effective as a complementary treatment for gait
disorders in PD. However, there were some
limitations in our review and insufficient data for the
long follow-up effect of visual feedback-based balance
training for PD.
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