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THE COMBINED INFLUENCES OF VISUAL INFORMATION, SPATIAL
WORKING MEMORY AND PROPRIOCEPTIVE FEEDBACK ON
POSTURAL STABILITY OF INDIVIDUALS WITH PARKINSON’S
DISEASE : A DOUBLE-BLIND RANDOMIZED CONTROLLED TRIAL
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Background and Objectives: Disturbance in the processing of proprioception contributes to characteristic
Parkinson’s disease (PD) postural instability which can be cited as a fourth core feature of PD in addition to the
early emerging gait abnormalities. This study is aimed at measuring the combined influences of visual information,
spatial working memory, and proprioceptive feedback on the diminished postural control in PD.
Design: A double-blind randomized controlled trial.
Participants and settings: Twenty six patients with PD participated in this study. They were randomly assigned
to either group one (G1) who received proprioceptive training with task related visual biofeedforward/back
using a force platform in addition to a traditional  physical therapy program or group two (G2) who received
only the traditional physiotherapy program.
Outcome measures: Rhythmic weight shift, sit to stand and tandem gait examination protocols of the comput-
erized dynamic posturography were used to measure the sensorimotor performance.
Results: Significant improvements were observed (P < 0.05) in on-axis velocity, directional control, weight
transfer, rising index, center of gravity sway, step width, speed, end sway. In G2 a significant improvement is
only observed with sit to stand test.
Conclusion: Long term training based on integrated proprioceptive and spatial visual information has a positive
effect on the sensorimotor performance and postural instability caused by the PD. The results also support that
motor relearning abilities is retained in subjects with PD.
KEYWORDS: Parkinson’s disease; Postural instability; Proprioceptive training; Visual feed forward/back; Motor
relearning.
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Postural instability is a major problem of patients
with Parkinson’s disease (PD)  that causes
difficulties with transfers, gait disorders,
hesitancy to live independently at home and
usually leads to frequent falling as well as hospi-
talization.1,2,3  A falling rate of  about 38% found

among 100 PD patients,  among these 13% felt
down more than once a week, was reported.4

Effective postural control requires both percep-
tion and action. Perception is the ability to
detect and integrate sensory information to
evaluate the position and motion of the body
with respect to the environment while action



Int J Physiother Res 2014;2(1):334-41.     ISSN 2321-1822 335

SUBJECTS AND METHODS

refers to the body’s ability to produce forces for
controlling body position.5  In cases of  PD,  there
is growing evidence that the patho-physiology
of movement disorders includes changes in
sensory processing as well as a cortically
mediated decline in attentional capacity and
delay in the motor programming.6,7,8    Addition-
ally, individuals with PD are dependent on
kinesthetic input which affect their ability to
maintain balance especially when the eyes are
occluded and visual information  is lost.9,10,11

Several studies have examined the direct effects
of biofeedback on balance in healthy subjects
and in patients with postural deficits.  6,7,12,13

Auditory 12, vibrotactile 13, or multi-modal feed-
back increased postural stability in both young
and elderly healthy subjects.6,7 Experiments on
this theme employed functionally decorrelated
and really non-applicable techniques for
inducing auditory, tactile feedback. Moreover,
utilization of a moving visual cues or moving
body with stabilization of the visual surround
during normal stance or walking17, 18 may induce
visual vertigo because of a mismatch between
the visual sensation of movement and vestibu-
lar and somatosensory inputs.19 The application
of  2 different cues that are not related to a
functional task at the same time may divide the
patient’s attention between the two cues,
resulting in a slight decrement in  performance21

or makes the patient  hooked  to the visual in-
formation even if inappropriate. 22

It was suggested  that  balance  training during
unperturbed  standing  has  the  potential  to
improve  postural  corrective  responses  to
unexpected balance  perturbation  through
improved  neuromuscular  coordination  of  the
involved  muscles  and  adaptive  neural  modifi-
cations  on  the  spinal  and  cortical  levels.23

A recent  study has also shown that gait
training performed under functionally related
augmented  proprioceptive input can improve
sensory integrative ability of walking  in patients
with PD. 24  Moreover, Sidaway et al reported that
visual cues was successful in establishing a
lasting improvement in gait speed and step
length while increasing the stability of the
underlying motor control system.25 On the other
hand there are no trials for measuring the
effect of an integrated proprioceptive and

spatial visual information (Allocentric visual in-
formation) on postural instability caused by PD.
Stimulated by these multifactorial findings, and
the lack of studies that measure the direct ef-
fect of an integrated external cues on the pos-
tural control of PD we aimed at investigating the
effect of training with an emphasis on enhanc-
ing  task related sensory feed forward/back  (vi-
sual and proprioceptive) on  postural control
ability in people with PD.

Twenty six PD patients (9 females, 17 males),
with age ranging from 45 to 62 years (55.1 ± 4.9
years), represented the sample of the study. The
participants were recruited from the Depart-
ment of Neurology at the Faculty of Medicine,
and the Out-patient clinic at the Department of
Physical Therapy Neuromuscular Disorders and
its surgery, Faculty of Physical Therapy, Cairo
University, Egypt. Before signing a participation
consent form, the purpose and steps of the study
were fully explained to the participants.
A  clinical  neurological assessment  was
performed  by  a  neuropsychiatrist  using  the
Mini-Exam  of  Mental  Status  (MEMS),  the
Hoehn  and  Yahr  Rating  Scale, a motor exami-
nation, assessment of activities of daily living
using the  Unified  Parkinson’s  Disease  Rating
Scale.  All  assessments, and treatment  were
carried out  in  the  morning,  in  the  ‘‘on
medication’’  state,  an  hour  after participants’
first  dose  of  medication.  The individuals who
suffere from moderate disability according to
UPDRS ADL/motor scores with duration of illness
ranging from 2 to 5 years and are able to give
their informed consent participated in this study.
Patients with any of the following criteria were
excluded from the study: epilepsy; mental and
cognitive impairment; marked rigidity (more
than 3 according to the UPDRS rigidity subscale);
poor visuo-spatial abilities; dyskinesias;
anorexia.18,19 For all participating subjects, all PD
medications were kept stable during the course
of the study. The baseline laboratory measure-
ments were done in the same day of the
neurological examination followed by random-
ization. With their eyes closed,  the patients were
randomly assigned into two equal groups (G1 and
G2)  by self-selecting a card corresponding to one
of the 2 groups.
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Subjects and examiner were blinded during
randomization, except for a nurse who prepared
the cards [Figure1]. This study was approved by
the research review boards of the Faculty of
Medicine, Cairo University, Egypt.

Computerized Dynamic Posturography (Balance
Master system: Version 7.0.4) of the balance lab
located  in the Faculty of medicine, Cairo
University, Egypt was used for measuring the
rhythmic weight shift, a part of the voluntary
motor examination protocols, as well as  sit to
stand (STS) test  and tandem Walk (TW) test,
parts of the functional limitation examination
protocols, for all participants before and after
completion of the physiotherapeutic programs.
A harness was used to ensure safety for an
examinee who is standing on the force plate
form  facing the system’s screen. The rhythmic
weight shift test quantifies the participant’s
ability to rhythmically move his/her center of
gravity (COG). The directions are from left to
right (lateral) and forward to backward (anterior/
posterior) between two targets.  It measures
“on-axis velocity” and “directional control”
parameters. The test consists of six trials,
conducted in the following order left/right, slow
(three seconds transitions), left/right, medium
(two seconds  transitions), left/right, fast (one
seconds transitions), forward/backward, slow
transitions, forward /backward, medium and
forward/backward, fast. Participant was asked
to control his/her COG which represented by the
cursor on the screen through smooth weight
shifting synchronized with direction and speed
of the cursor.  Sit to Stand (STS) test measures
the participants’ ability to rise from a sitting to a
standing position. The main components of this

task include shifting the body’s COG forward
from an initial position over the seat to a location
centered over the base of support, followed by
extension of the body to an erect standing
position while maintaining the centered COG
position. The measured parameters are the
weight transfer measured in seconds (sec), rising
index measured in percentage, and COG sway
velocity measured in degree per second. Tandem
Walk (TW) test quantifies the characteristics of
gait as the participant walks “heel to toe gait”
from one end of the force plate to the other. The
test measures the step width measured in
centimeter (cm), speed measured in (cm/sec)
and end sway measured in degrees per second.
For balance training, we used the Biodex balance
training system (System, Balance SD, 230 VAC)
of the faculty of Physical Therapy, Cairo Univer-
sity, Egypt. The system is a circular, multi-axial
platform which tilt up to 20o in every direction.
The platform moves in response to changes in
the subject’s center of mass. It has six interac-
tive game-like training modes, three of them
were used to train subjects shared in this study
which are postural stability, weight shift, and the
random control. During the first 2 weeks of
training, subjects were given a ten minute warm-
up and accommodation consisting of tracing
predictable patterns by moving the Biodex
platform. Subjects then trained for 10 minutes
that require less predictable movement
patterns. After the second week, the warm- up
and accommodation time was reduced to
5 minutes and the stability level of the platform
progressively decreased. Subjects were closely
guarded during the training and allowed to hold
onto the attached handlebars as needed. By the
end of the fourth week the accommodation time
has been canceled.
The patients in the control group (G2) were
treated with a traditional physiotherapy program
conducted by  a neurophysiotherapist. This low-
intensity exercise program consisted of: Passive
prolonged stretch for the calf, hamstring,
iliopsoase, pectoralis major and the anterior
neck muscles; and concentric/eccentric
resistance training to increase the muscle
strength of the calf (especially soleus muscle),
anterior tibial group, quadriceps, hip abductors,
extensors and the back muscle.
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Figure 1: Reporting trials diagram.
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Additionally, the functional training included:
Standing up and sitting down; turning around
using a large arc of movement, or using full body
movements, the “clock turn strategy”;
traditional gait training including instructions to
walk with long steps, even stride length and
swinging the arms. The patients were instructed
to walk for two times a week for 30 min; focus
on maintaining long strides and adequate
ground clearance, maintain upright posture by
consciously attending to standing upright, and
reinforce physiotherapy strategies in the home
and community. Participants in both groups
attended 45-60 minutes session 3 times per
week for 12 weeks for this traditional physio-
therapy in addition to 20 minutes of training with
Biodex balance system applied only for
Participants in G1.
Data analysis:
The Social Package for Social Sciences (SPSS)
version 17.0 (SPSS Inc, Chicago, IL, USA) was used
to analyze the data. Descriptive statistics such
as means, standard deviations were used to
describe the participants’ demographic data.
Statistical measures of the mean scores and
standard deviation were calculated for the
baseline and post-intervention for each
participant. As there were two  groups (balance
training /conventional physiotherapy ( G1) and
conventional physiotherapy (G2) and two sets of
measurements (pretreatment, post treatment)
taken at different times for  the rhythmic weight
shift (RWS) , Sit to Stand (STS) test and  Tandem
Walk (TW), we used the paired t-test to show
the statistical difference between the two
groups in the selected measures at probability
level of equal to or less than 0.005 (p < 0.005).
RESULTS
Twenty-six  patients with idiopathic PD partici-
pated in the study, their demographic data is
represented in table 1.  All the 26 randomized
participants  completed the 12-week training
protocols. The participants mean age is  53.84±
5.49 years of age in group one (G1) and
54.53±5.62 in Group 2 (G2) , the mean duration
of illness in G1 was 3.15±1.07 and  3.46±1.05
years in G2. The mean values of UPDRS motor
and ADL scores during the “on” state in G1 were
29.15±2.91 and 22.03±1.65, respectively, and
29.92 ± 3.36 and 21.23 ± 2.89, respectively,

in G2. According to the Modified Hoehn and Yahr
staging the PD stage in G1 is 2.84±0.66 and
2.61±0.42 in G2. The assessment at baseline
showed no significant differences between the
participants in the 2 groups with respect to their
demographic characteristics (P > 0.05).

Table 1: Participants’ baseline characteristics.

The rhythmic weight shift reflects the patients’
ability to follow the stimulus in the front/back
and Right /left directions.  The axis velocity
measures the average speed in the intended
direction.  Training effects on the “on-axis
velocity” in “front/back” directions and right/
left directions at different velocities (slow and
medium) showed significant differences
between the scores measured before and after
treatment (P < 0.001), at the fast speed  of the
right/ left directions  the p value is equal to 0.006.
On the other hand a non-significant statistical
effect of the conventional physiotherapy
program was observed at the three speed of the
test, slow (P=0.119), medium (P= 0.066) and fast
(P=0.572) in the second group. Directional
control measures the amount of extraneous
movements present during reaching a target.
Comparison of the mean values of directional
control  in G1 measured before treatment with
the corresponding values  measured after
treatment revealed a significant  difference. The
p value  at slow and medium speeds of the front/
back and medium and fast speed of the right/
left directions d” 0.001. At the fast speed of the
“front/back” directions the p values is 0.006 and
at the slow speed of the right/ left directions, it
is equal to 0.040. In contrast, there was no
significant difference found for any of the  speeds
of  testing the directional control  in G2 . At the
slow, medium and fast  speed the P= 0.247, 0.325
and 0.256 respectively (Tables 2 and 3).
Weight transfer evaluates the amount of time
between the onset of the cue to move and the
arrival of the COG over the feet while the rising
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Characteristics Group 1 Group 2
Number 13 13
Age (year) 53.84± 5.49 54.53±5.62
Duration of illness 3.15±1.07 3.46±1.05
PD stage 2.84±0.66 2.61±0.42
ADL UPDRS 22.03±1.65 29.92 ± 3.36

Motor UPDRS 29.15±2.91 21.23 ± 2.89
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index evaluates the amount of force exerted by
the legs during the rising phase, additionally the
center of gravity sway velocity evaluates the
percentage of COG sway during the rising action.
A significant effect of the balance training with
visual feedback was observed in G1 with a
P<0.001 additionally in G2 there is a significant
improvement in the sit to stand test but the level
of improvement is less than that observed with
G1 (table 4). The P values of weight transfer, rising
index and center of gravity sway  in G2 are 0.019,
0.041 and 0.003 respectively.

The tandem walk test consists of three mea-
sures: the step width which measures the lat-
eral distance between successive steps;  speed
that  measures the velocity of forward progres-
sion in addition to the end sway which measures
the average anteroposterior sway velocity. Table
5 details the comparison between the studied
groups. There is a marked improvement among
participants who received balance training with
visual feedback P=0.000. on the other hand it is
noticed that there is a non-significant improve-
ment in Group 2  in the three subtests of the
tandem gait (P= 0.454, 0.227 and 0.096).

 The on-axis rotation is represented in degree per second and Directional control  is represented as percentage
P is significant at P < 0.05.

Table 2: Rhythmic weight shift (RWS) test of the Back/Forward direction measured before/after treatments
(mean ± standard deviation).

Group 1 Pre Post P Pre Post P Pre Post P
On-axis velocity 1.60±0.55 2.96±0.48 ≤0.001 2.95±0.46 3.52±0.45 ≤0.001 2.54±0.64 3.18±0.69 0.006
Directional control 45.56±5.01 47.87±1.9 0.04 50.55±2.92 57.28±2.54 ≤0.001 48.98±4.43 55.59±3.19 ≤0.001

On-axis velocity 1.68±0.44 1.95±0.56 0.085 2.78±0.81 3.05±0.39 0.146 2.55±0.69 2.74±0.56 0.472
Directional control 48.66±49.04 49.04±1.85 0.247 49.87±4.17 49.24±5.49 0.325 47.91±6.49 48.86±3.90 0.256

Slow Medium Fast

Group 2

Group 1 Pre Post P Pre Post P Pre Post P
On-axis velocity 1.53±0.59 3.58±0.76 0.001 1.69±0.76 3.32±0.58 ≤0.001 1.63±0.56 5.78±1.14 ≤0.001
Directional control 44.77±8.66 59.25±8.39 0.001 32.91±6.47 40.86±5.48 ≤0.001 38.42±6.92 48.28±8.16 ≤0.005

On-axis velocity 1.67±0.49 1.93±0.43 0.119 1.53±0.27 1.67±0.11 0.066 1.44±0.58 1.85±0.34 0.572
Directional control 45.75±7.88 47.00±7.99 0.132 33.82±7.97 33.02±4.28 0.747 38.42±4.85 38.04±4.85 0.776

Slow Medium Fast

Group 2

 The on-axis rotation is represented in degree per second and Directional control  is represented as percentage
                   P is significant at P < 0.05.

Table 3: Rhythmic weight shift (RWS) test of the Right /left  direction measured before/after treatments
(mean ± standard deviation).

Pre Post P Pre Post P
Weight transfer 2.47±0.67  1.17±0.49 ≤0.001 2.68±1.03 1.788±0.38 0.019
Rising index 5.88±1.47 15.17±3.43 ≤0.001 6.08±1.64 7.69±1.27 0.041
Center of gravity sway 1.29±0.48 7.66±1.93 ≤0.001 1.35±0.58 2.12±0.41 0.003

Group 1 Group 2

Pre Post P Pre Post P

Step width (cm) 16.07±3.22   10.84±1.53  ≤0.001 15.47±3.03 15.02±2.28 0.454

Speed (cm/sec) 13.67±1.78 19.16±1.56 ≤0.001 14.13±2.35 14.96±2.07  0.227

End sway(°/sec) 7.05 ±1.77 4.55±0.84 ≤0.001 6.88± 1.64 5.92±0.49 0.096

Group 2Group 1

 Weight transfer is represented in seconds, rising index is represented as percentage and Center of gravity sway
is represented as degree per second. P is significant at P < 0.05.

P is significant at P < 0.05.

Table 4: Sit to stand test in both groups measured before/after treatments (mean ± standard deviation).

Table 5: Tandem gait  in both groups measured before/after treatments (mean ± standard deviation).
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DISCUSSION
The results of this study show the positive effect
of manipulating sensory information under a
condition of task related enhanced feed forward/
back on increasing postural stability in
participants with PD.  This can be attributed to
the effect of the allocentric visual information
or spatial working memory. The allocentric visual
information refers to the ability to identify a
target location relative to some other landmarks
in the visual field, which in turn provides
additional information about the location
relative to the self, and improve the visual
memory. As we used a long term training
program (12 weeks), the PD subjects are able to
remember and reproduce accurate motor
performance in the functional tasks related to
the postural control. This agrees with previous
researches postulating  that   increased exposure
to target sensory stimuli can improve the
accuracy of matching performance 26,27,28  and
that   PD patients preserve the ability to learn
new postural tasks. 29  Holschneider et al, stated
that in cases of PD, functionally related external
cues and long term exercise training  increase
the efficiency of neural processing (sensorimotor
cortex, striatum, vermis) as well as the plastic
changes of  the brain.
The results of this study can be also attributed
to the effect of the movable force platform on
increasing the lower extremity proprioceptors
and vestibular  input.   It rhythmically stimulates
pressure load receptors of the feet, muscle
spindles, and Golgi tendon organs of the leg
muscles especially the soleus in addition to those
of the neck muscle as well as the vestibular input
monitoring the  head position in space. 31, 32 These
rhythmic inputs are transferred to neuronal
circuits and increase the strength of inputs
converging on pyramidal tract neurons33 and
stimulate the frontal-lobe cognitive strategies
(working  memory).  This agrees with Campos-
Sousa et al.32 and Wegen et al. 33  These studies
showed that frontal lobe areas can select a
motor program in response to  an external
stimulus, and send it to the primary motor
cortex, which is responsible for the execution of
sequential movements.  Additionally,
Holschneider et al., 30 used brain imaging, to
show that there are increases in perfusion in the

prefrontal  cortex, deep cerebellar nuclei,
thalamus, and hippocampus, which compensate
for a functionally disrupted BG, which  support
our findings.
The improvement in the PD postural control in
the present study can also be ascribed to the
effect of external cues on activating an alternate
pathway involving the cerebellum, sensorimotor
cortex, and lateral premotor cortex.34,35 In this
pathway, the cerebellum is responsible for
movement timing, and the premotor cortex may
be responsible for scaling the motor activity
when facilitated by somatosensory cues related
to the task. This means that the recruitment of
these structures can compensate for an
inefficient BG in PD.
Furthermore, the cerebellum has been shown
to be an important neural module to integrate
multiple sensory information from visual,
vestibular, and somatosensory components in
order to execute vestibular spinal reflex to assist
postural control.36  Therefore, the people with
impaired BG might learn to integrate visual and
vestibular information more efficiently through
the cerebellum, which then would influence the
brain stem and spinal cord to improve postural
control.37,38 It was also ascribed the improvement
in PD patients’ motor performance in response
to external cues to the dominancy of the
cerebellar-cortical pathways 39,40  which
processes externally generated tasks  with
minimal recruitment of the BG-cortical circuitry.
A non-significant difference between base line
measurement of the rhythmic weight shift and
tandem gait was recorded. This can be attributed
to the lack of the task oriented training in the
traditional physical therapy program. Moreover,
the postural muscle strengthening without
functional training is not sufficient for improving
postural responses. This is in close agreement
with a previous study that claim that Cued task-
specific training is better than exercise in
improving motor performance in patients with
Parkinson’s disease.41  On the other hand, this is
not consistent  with Dibble and colleagues who
reported that Muscle force, bradykinesia, and
quality of life  were improved to a greater degree
in those that performed high intensity eccentric
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resistance training compared to an active control
group.
A significant difference was recorded in the
second group between the baseline and follow
up measures of the sit to stand test. This can be
ascribed to the effect of the long term training
of such task found as a functional training of the
physiotherapeutic program on the PD patients
to learn motor tasks based on external
feedbacks. This is consistent with the results
reported by Rochester et al.,29  who stated that
cued training would increase motor learning.
Furthermore, it is demonstrated that externally
cued practice over more extended periods (3–6
weeks) show significant benefits of training with
a range of different external cues on gait, balance
and transfers.24

Limitations
An important limitation of this study was the
small sample size. Nevertheless, we were able
to the show benefits of using external cues on
the postural control of the participants of  PD.
Another limitation was the transportation
between the faculty of physical therapy and the
Kasr-Al-Aini hospital which consumed plenty of
time and limited the number of participants.

CONCLUSION
Functionally related feed forward/ back
improves parkinsonian directional control,
weight transfer, rising index, center of gravity
sway, step width, speed and end sway compo-
nents of postural control. Further studies for PD
patient’s postural control within the modern
virtual reality labs is one of the great projects
for the future as they provide a simulation to
the real life situations, real time analysis and
biofeedback.
Conflicts of interest: None

REFERENCES

4.    Koller WC, Glatt S, Vetere-Overfield B, Hassanein R.
Falls and Parkinson’s disease. Clin Neuropharmacol.
1989;12:98–105.

5.      Shumway-Cook, A, Woollacott, M H. Motor Control:
Theory and practical applications. 3rd ed. Baltimore,
MA: Lippincott Williams Wilkins; 2001:614.

6.   Janssen LJ, Verhoeff LL, Horlings CG, Allum JH.
Directional effects of biofeedback on trunk sway
during gait tasks in healthy young subjects. Gait
Posture 2009;29(4) 575-81.

7.  Huffman JL, Norton LE, Adkin AL, Allum JH.
Directional effects of biofeedback on trunk sway
during stance tasks in healthy young adults. Gait
Posture 2010;32(1):62–6.

8.    Abbruzzese G, Berardelli A. Sensorimotor integration
in movement disorders. Mov Disord.
2003;18(3):231-40.

9.   Yen CY, Lin HH, Hu MH, Wu RM, Lu TW, Lin CH. Effects
of Virtual Reality–Augmented Balance Training on
Sensory Organization and Attentional Demand for
Postural Control in People With Parkinson Disease:
A Randomized Controlled Trial.  Phys Ther.
2011;91:862-74.

10. Lewis GN, Byblow WD. Altered sensorimotor
integration in Parkinson’s disease. Brain.
2002;125:2089-99.

11. Colnat-Coulbois S,  Gauchard GC, Maillard L,
Barroche G,  Vespignani H, Auque J,  et al:
Management of postural sensory conflict and
dynamic balance control In Late-Stage Parkinson’s
disease. Neuroscience 2011,193;363–69.

12.  Dozza M, Chiari L, Chan B, Rocchi L, Horak FB,
Cappello A. Influence of a portable audio-
biofeedback device on structural properties of
postural sway.J Neuroeng Rehabil 2005;2:13.

13.  Wall C, Wrisley DM, Statler KD. Vibrotactile tilt
feedback improves dynamic gait index: a fall risk
indicator in older adults. Gait Posture 2009;30:16-
21.

14.  Amblard B, Cr6mieux J, Marchand AR, Carblanc A.
Lateral orientation and stabilization of human
stance: static versus dynamic visual cues. Exp Brain
Res 1985;61:21-37.

15. Van Wegen E, Lim I, de Goede C, Nieuwboer A,
Willems A, Jones D, et al. The effects of visual
rhythms and optic flow on stride patterns of
patients with Parkinson’s disease. Parkinsonism
Relat Disord 2006;12(1):21-7.

16. Majsak MJ, Kaminski T, Gentile AM, Gordon AM.
Effects of a moving target versus a temporal
constraint on reach and grasp in patients with
Parkinson’s disease. Exp Neurol 2008
Apr;210(2):479-88.

17.  de Melo Roiz R, Azevedo Cacho EW, Cliquet A Jr,
Barasnevicius Quagliato EM. Analysis of parallel and
transverse visual cues on the gait of individuals with
idiopathic Parkinson’s disease. Int J Rehabil Res.
2011;34(4):343-8.

18.   Brandt T, Daroff RB.The multisensory physiological
and pathological vertigo syndromes. Ann Neurol
1980;7:195-03.

1.      Bloem BR, Van Vugt JP, Beckley DJ. Postural instabili-
ty and falls in Parkinson’s disease. Adv. Neurol
2001;87:209–23.

2.     Franchignoni F, Martignoni  E, Ferriero  G, Pasetti
C. Balance and fear of falling in Parkinson’s disease.
Parkinsonism and Related Disorders 2005;11:427–
33.

3.     Benatru I , Vaugoyeau M, Azulay JP. Postural disor-
ders in Parkinson’s disease Anomalies de la postur
dans la maladie de Parkinson. Clinical
Neurophysiology 2008;38:459-65.

M E Khallaf et al., THE COMBINED    INFLUENCES OF VISUAL INFORMATION, SPATIAL WORKING MEMORY AND PROPRIOCEPTIVE FEEDBACK ON
POSTURAL STABILITY OF INDIVIDUALS WITH PARKINSON’S DISEASE : A DOUBLE-BLIND RANDOMIZED CONTROLLED TRIAL.



Int J Physiother Res 2014;2(1):334-41.     ISSN 2321-1822 341

M E Khallaf et al., THE COMBINED    INFLUENCES OF VISUAL INFORMATION, SPATIAL WORKING MEMORY AND PROPRIOCEPTIVE FEEDBACK ON
POSTURAL STABILITY OF INDIVIDUALS WITH PARKINSON’S DISEASE : A DOUBLE-BLIND RANDOMIZED CONTROLLED TRIAL.

19.  Pashler H.Dual-task interference in simple tasks:
data and theory. Psychol Bull 1994;(116):220–44.

20.   Azulay JP, Mesure S, Blin O. Influence of visual cues
on gait in Parkinson’s disease: contribution to
attention or sensory dependence? J Neurol Sci 2006
;248(25):192-5.

21. Sayenko DG, Masani K, Vette AH, Alekhina MI,
Popovic MR, Nakazawa K.  Effects of balance
training with visual feedback during mechanically
unperturbed standing on postural corrective
responses. Gait Posture 2012; 35(2):339-44.

22.   El-Tamawy MS, Darwish MH, Khallaf ME. Effects of
augmented proprioceptive cues on the parameters
of gait of individuals with Parkinson’s disease. Ann
Indian Acad Neurol 2012;15(4):267-72.

23.   Sidaway B, Anderson J, Danielson G, Martin L, Smith
G. Effects of long-term gait training using visual cues
in an individual with Parkinson disease. Phys Ther
2006;86(2):186-94.

24. Hughes AJ, Daniel SE, Blankson S, Lees AJ. A
clinicopathologic study of 100 cases of Parkinson’s
disease. Arch. Neurol 1993;(50)140–148.

25.  Goble DJ, Mousigian MA, Brown SH.Compromised
encoding of proprioceptively determined joint
angles in older adults: The role of working memory
and attentional load. Experimental Brain Research
2012;216(1):35–40.

26.  Goble DJ, Noble BC , Brown SH. Where was my arm
again? Memory-based matching of proprioceptive
targets is enhanced by increased target
presentation time. Neuroscience Letters
2010;481(1):54–8.

27. Chapman CD, Heath MD, Westwood DA, Roy EA.
Memory for kinesthetically defined target location:
Evidence for manual asymmetries. Brain and
Cognition 2001;46(1-2),62–6.

28. Rochester L, Baker K, Hetherington V, Jones D,
Willems AM, Kwakkel G, et al.  Evidence for motor
learning in Parkinson’s disease: acquisition,
automaticity and retention of cued gait
performance after training with external rhythmical
cues. Brain Res 2010;10(1319):103-11.

29. Holschneider DP, Yang J, Guo Y, Maarek JM.
Reorganization of functional brain maps after
exercise training: Importance of cerebellar-
thalamic-cortical pathway. Brain Res 2007;118:496-
07.

30. Sayenko DG, Masani K, Vette AH, Alekhina MI,
Popovic MR, Nakazawa K.  Effects of balance
training with visual feedback during mechanically
unperturbed standing on postural corrective
responses. Gait Posture 2012;35(2):339-44.

31. Campos-Sousa IS, Campos-Sousa RN, Ataíde Jr L,
Soares MM, Almeida KJ. Executive dysfunction and
motor symptoms in Parkinson’s disease. Arq
Neuropsiquiatr 2010;68:246-51.

32. Van Wegen E, de Goede C, Lim I, Rietberg M,
Nieuwboer A, Willems A, et al: The effect of
rhythmic somatosensory cueing on gait in
patients with Parkinson’s    disease. J Neurol Sci
2006;248:210-4.

33.  Horlings CG, Küng UM, Honegger F, Van Engelen
BG, Van Alfen N, Bloem BR, et al. Vestibular and
proprioceptive influences on trunk movements
during quiet standing. Neuroscience
2009;161(3):904-14.

34.  DeLong MR, Wichmann T. Circuits and circuit
disorders of the basal ganglia. Arch Neurol
2007;64:20-4.

35.   Elsinger CL,  Harrington DL, Rao SM. From
preparation to online control: Reappraisal
of neural circuitry mediating internally generated
and externally guided actions. Neuroimage
2006;31:1177-87.

36. Ioffe ME, Chernikova LA, Ustinova KI.  Role of
cerebellum in learning postural tasks. Cerebellum
2007;6:87–94.

37. Suteerawattananon M, Morris GS, Etnyre BR,
Jankovic J, Protas EJ. Effects of visual and auditory
cues on gait in individuals with Parkinson’s disease.
J Neurol Sci 2004;219:63-9.

38. Lewis MM,  Slagle CG, Smith AB, Truong Y, Bai P,
McKeown MJ, et al. Task specific influences of
Parkinson’s disease on the striatothalamo-cortical
and cerebello-thalamo-cortical m o t o r
circuitries. Neuroscience 2007;147:224-35.

39.   Mak  MK , Hui-Chan WY. Cued task-specific training
is better than exercise in improving sit-to-stand in
patients with Parkinson’s disease: a randomised
controlled trial. Mov. Disord. 2008;23(4):501–09.

40.  Dibble LE, Hale TF, Marcus RL, Gerber JP, LaStayo
PC.  High intensity eccentric resistance training
decreases bradykinesia and improves Quality Of Life
in persons with Parkinson’s disease: a preliminary
study. Parkinsonism Relat Disord. 2009;15(10):752-
7.

41.  Nieuwboer  A, Kwakkel  G,  Rochester L , Jones  D,
van Wegen  E , Willems  A. et al. Cueing training in
the home improves gait-related mobi lity in
Parkinson’s diease: the RESCUE trial. J. Neurol.
Neurosurg. Psychiatry 2007;  78, 134–40.

How to cite this article:
Mohamed E. Khallaf  PhD, MSC PT, Eman E. Fayed, MSC PT. THE COMBINED  INFLU-
ENCES OF VISUAL INFORMATION, SPATIAL WORKING MEMORY AND PROPRIOCEP-
TIVE FEEDBACK ON POSTURAL STABILITY OF INDIVIDUALS WITH PARKINSON’S
DISEASE: A DOUBLE-BLIND RANDOMIZED CONTROLLED TRIAL.  Int J Physiother Res
2014;2(1):334-41.


	1. Abstract & Introduction.pdf
	2. Subjects & Methods.pdf
	3. Methods Cont...pdf
	4. Results.pdf
	5. Tables.pdf
	6. Discussion.pdf
	7. Conclusion & References.pdf
	8. References Cont..pdf

