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Abstract

Background: Parkinson’s disease (PD) is a degenerative, progressive, neurological condition that influences the
control of a person’s body movements. Computerized dynamic posturography (CDP) is a clinical tool intended to
evaluate the integration of visual, vestibular, and somatosensory inputs to maintain postural gait. Posturography can
be used to measure postural instability in PD patients. So, the aim of this study was to evaluate the postural control
and elaborate on the pathophysiology of the balance impairment in PD patients in the “on” state.

Results: All antero-posterior (AP) and medio-lateral (ML) sensory balance scores, except vestibular ones, were
significantly lower in the study group compared to the control group. AP and ML sway were generally higher in
the study group at all frequencies, with AP being mostly greater compared to ML sway in PD subjects. Global
sensory scores were shown to deteriorate with increased durations of the disease and treatment.

Conclusions: PD patients have higher postural instability in comparison to controls with AP sway being higher
compared to ML.
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Background
Parkinson’s disease (PD) is a progressive and chronic
degenerative CNS disorder. Patients with PD demon-
strate more difficulty in producing simultaneous and
sequential movements versus simple movements; thus,
they need to finish production of one movement before
initializing the next [1]. In 2013, there were up to
1,000,000 PD patients in the USA, and the prevalence is
expected to reach double that number in 2040 [2]. The
incidence of PD in USA is about 50,000 yearly [3].
Patients at later stages and with longer duration of the

disease have a higher tendency to fall [4]. Progression of
the disease is associated with an abnormal gait called
festination, characterized by lower speed and shorter

stride, where the patient seems to chase his center of
gravity, with an affinity to fall forward.
Posturography is a clinical tool intended to evaluate

the integration of visual, vestibular, and somatosensory
systems to maintain postural gait [5]. It can measure
postural instability in PD patients. In addition, it can
assist in the investigation of the functional aspects of
dysfunctions causing the body imbalance [6] and
complement conventional vestibular tests for diagnosis,
staging, treatment, and prognosis in PD [7].
Several studies have been conducted to assess the

balance inputs in PD patients using posturography. They
included both case-control studies [8] and interventional
studies [9–11].
Balance deficits in PD patients are multifactorial.

Sensory Organization Test (SOT) has been utilized to
objectively quantify postural deficits in PD subjects [12–14].
The eyes closed condition has been verified as a valuable
clinical observation to recognize postural sway. Results from
computerized dynamic posturography (CDP) imply PD
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patients of Hoehn and Yahr stages 2 to 4 had poorer scores
than norms for composite, vestibular, and visual inputs,
representing higher reliance on visual information [15].
In summary, posturography has been found to be a

very useful tool in clinical assessment of postural
control in PD patients. Yet, more posturographic
tests could be conducted to elaborate on the patho-
physiology of balance impairment in PD patients in
the “on” state.

Methods
The protocol of the current case control study was
approved by the Ethics Committee of Faculty of Medi-
cine, Alexandria University, Egypt. All participants pro-
vided written an informed consent after receiving a
detailed explanation of the study. All the tests were per-
formed in Audio-vestibular Medicine Unit, Otorhino-
laryngology department of Alexandria main university
hospital.

Participants
Fifteen subjects of both genders diagnosed as having PD
for a minimum of 1 year earlier by a neurologist were
included according to the following criteria:

i. History of first complaint (tremor, inability to
control, and abnormal movement …to specify the
duration of the disease)

ii. Family history
iii. History of head trauma
iv. History of medications (with the duration of

treatment of PD using levodopa included)
v. Full neurological examination
vi. Investigation: CT and MRI to exclude any

abnormality in brain structure.

Fifteen gender- and age-matched controls, who had no
history of neurological deficits, also participated in the
study.
All subjects who participated in the study had the

following exclusion criteria:

a) External and/or middle ear disorders
b) Those with psychiatric disorders
c) History of otological surgery
d) Those unable to comprehend and follow simple

verbal instructions
e) Those unable to stay upright unassisted
f) Severe uncorrected diminution of visual acuity
g) Limitation of movement due to orthopedic

disorders
h) Subjects with prosthetic legs who were enrolled in a

body balance rehabilitation program in the 6
months prior to CDP examination

Patients with PD were examined during their "on"
period, 40 min to 2 h after levodopa was given, when
they showed improved motor performance [16].

Sensory organization test (SOT)
SOT was performed using the Synapsys Posturography
System (SPS), posturography system (SYNAPSYS SA 58
rue Paul Langevin, 13013, Marseille, France).
The subject’s overall balance was assessed using

sensory organization test. The limits of stability (LoS)
was first evaluated on a static platform. LoS measures
the maximum distance an individual’s center of gravity
moves in a certain direction without one taking a step or
losing balance. The patients’ eyes were open and they
moved as far as they could in all directions while main-
taining their body straight and without relocating their
feet or falling. This way, balance is preserved using the
ankle strategy (upside down pendulum). The limits of
stability are used by the software to later assess the AP
and ML sway in the SOT, thus the sensory balance
scores.
Static posturography was assessed using the static plat-

form. A foam platform, imposing a dynamic balance
task, was used in dynamic posturography. The foam
platform was positioned on the static Synapsys Posturo-
graphy System (SPS) platform. Eyes opened, eyes closed,
and deceptive vision trials were performed on the static
and dynamic support surfaces creating six conditions.
These are:

1. Static support, eyes open (EO): none of the
afferents are manipulated.

2. Static support, eyes closed (EC): the visual inputs
are suppressed. Only the somatosensory and
vestibular information is available.

3. Static support, vision erroneous (VE): the visual
information is inaccurate through the “sway
referencing” of the visual surroundings. The
somatosensory and vestibular information is not
manipulated

4. Dynamic support, EO: the somatosensory
information provided from the feet and joints is
erroneous; the visual and vestibular inputs are not
manipulated.

5. Dynamic support, EC: the somatosensory
information is erroneous; the visual afferences are
suppressed. Only the vestibular information is
available.

6. Dynamic support, VE: the somatosensory and visual
information is erroneous; the vestibular afferences
are not manipulated.

For each test condition, the barefooted subjects were
instructed to stand straight on the platform and were

Talaat et al. The Egyptian Journal of Otolaryngology           (2021) 37:85 Page 2 of 9



requested to look at a picture located on an LCD screen
in front of them. The patients were instructed to keep
their balance without standing stiffly or moving their
feet. To protect against falls, subjects were instructed to
hold on to the security support if they were about to fall.
Two trials of 20 s were recorded in each test condition.
The antero-posterior (AP) and medio-lateral (ML) cen-
ter of pressure (CoP) sway were recorded separately for
each of the six test conditions. The following sensory
balance scores were calculated in the antero-posterior
(AP) and medio-lateral (ML) movements: somatosen-
sory, visual, vestibular, preferential, and global.
The somatosensory, visual, and vestibular scores

inform us of the patient’s ability to use somatosensory,
visual, and vestibular afferences respectively. The prefer-
ential score indicates the patient’s ability to ignore incor-
rect visual information. The lobal score is a weighted
average of balance scores on the 6 conditions. It charac-
terizes the coverall balance level.

Somatosensory score = static support, EC/static support, EO
Visual Score= Dynamic support, EO/static support, EO
Vestibular score=Dynamic support, EC/static support, EO
Preferential = Static support, VE+ dynamic support,
VE/static support, EC+ dynamic support, EC

Fast Fourier transform energies of the CoP displace-
ment in both AP and ML planes in each of the six
conditions were recorded. The Fourier transforms are
divided into 3 areas: low frequency area [0–0.5 Hz],
medium frequency area [0.5–2 Hz], and high frequency
area [2–20 Hz]. For each of the areas, the program cal-
culates the energy expended by the patient in the corre-
sponding frequency band and its distribution compared
to the total energy.

Statistical analysis
Data were analyzed using IBM SPSS software package
version 20.0. (Armonk, NY, IBM Corp). Chi-square test
was used to test homogeneity among proportions.
Monte Carlo correction was used for correction of chi-
square since more than 20% of the cells had expected
count less than 5. Mann-Whitney test was used for com-
parison between the control and study groups, since the
normality of variance assumption was rejected. Wilcoxon
signed-rank test was used for comparing two related sam-
ples, matched samples, or repeated measurements on a
single sample to assess whether their population mean
ranks differ (paired difference test). Spearman’s correlation
coefficient was used to study the correlation between vari-
ables, given that the normality of variance assumption was
rejected

Results
A total number of 30 subjects were examined in this
study, who were divided into a control group (15 sub-
jects) (three females and 12 males; mean age 53.07 ±
11.71 years) and a study group (15 subjects) (three fe-
males and 12 males; mean age 51.40 ± 12.29 years). The
groups were comparable as regards gender (χ2 = 0.409,
FEp=0.682) and age (U = 103.0, p = 0.692). Characteris-
tics of the study group are shown in Table 1.
Results of the SOT are shown in Tables 2 and 3. All

antero-posterior sensory balance scores, except vestibu-
lar, were lower in the study group compared to the con-
trol group. The difference was statistically significant in
somatosensory (p ≤ 0.001), visual (p = 0.022), preferen-
tial (p < 0.001), and global scores (p < 0.001). No statisti-
cally significant difference was found in vestibular score
(p=0.058) (Table 2). All medio-lateral sensory balance
scores, except vestibular, were lower in the study group
compared to the control group. The difference was
statistically significant in somatosensory (p ≤ 0.001),
visual (p = 0.014), preferential (p < 0.001), and global
(p < 0.001). No statistically significant difference was
found in vestibular score (p = 0.169) (Table 3).

Table 1 Comparison between the two studied groups
according to age, gender, duration of disease, duration of
treatment, and etiology of the disease

No. (%)

Age (years)

<60 7 (46.7%)

≥60 8 (53.3%)

Median (Min.–Max.) 60 (45–66)

Mean ± SD. 58.7 ± 6.1

Sex

Male 12 (80%)

Female 3 (20%)

Duration of disease (years)

<5 9 (60%)

≥5 6 (40%)

Median (Min.–Max.) 4 (1.5–10)

Mean ± SD. 4.3 ± 2.6

Duration of treatment

<4 8 (53.3%)

≥4 7 (46.7%)

Median (Min.–Max.) 4 (1.5–10)

Mean ± SD. 4.3 ± 2.6

Causes

Idiopathic 13 (86.7%)

Trauma 2 (13.3%)
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For the FFT of the CoP displacement, in all static con-
ditions, FFT of AP and ML displacement was signifi-
cantly higher at all frequencies in the study group
compared to controls. On the other hand, in foam con-
ditions (eyes open and vision erroneous), FFT of AP and
ML displacement of CoP was significantly higher at all
frequencies in the study group compared to controls. In
eyes closed condition, FFT of AP displacement of CoP
was significantly higher only at high frequencies in the
study group while the FFT of ML displacement was sig-
nificantly higher at all frequencies in the study group
compared to controls (Figs. 1 and 2).
Comparison between FFT energy of AP and ML dis-

placement of CoP in the study group in the static condi-
tion showed that the AP displacement was higher than
ML in all static conditions at all frequencies except eyes
closed condition where the AP was lower than ML at
low frequency. A statistically significant difference was
found only in Servo-controlled condition at low fre-
quency (p<0.002), mid frequency (p<0.004), and high
frequency (p<0.011) (Figs. 3 and 4).
The AP and ML global sensory balance scores were cor-

related with the duration of the disease and treatment.
Both AP and ML global sensory balance scores were sig-
nificantly correlated with the duration of the disease and
treatment. For the AP score, the correlation was strong
with both the duration of the disease and treatment
(rs = 0.736, p = 0.002*) and (rs = 0.690, p = 0.004*) respect-
ively. The correlation of ML score was moderate with both
the duration of the disease and treatment (rs = 0.634,
p = 0.011*) and (rs = 0.549, p = 0.034*) respectively (Fig. 5).

Table 2 Comparison of antero-posterior sensory balance scores of complete static sensory organization test between control and
study groups (n = 30)

Antero-posterior Cases (n = 15) Control (n = 15) U p

Somatosensory

Min.–Max. 3.0–90.0 84.0–100.0 21.0* <0.001*

Median and quartile 80.0 (73–90) 100.0 (90–100)

Visual

Min.–Max. 4.0–100.0 82.0–100.0 58.50* 0.022*

Median and quartile 82.0 (82–100) 97.0 (87–100)

Vestibular

Min.–Max. 60.0–100.0 82.0–100.0 2.008 0.058

Median and quartile 84.0 (72–99) 96.0 (87–96)

Preferential

Min.–Max. 0.0–100.0 67.0–91.0 26.0* <0.001*

Median and quartile 50.0 (28–65) 74.0 (70–77)

Global

Min.–Max. 14.0–66.0 60.0–74.0 25.50* <0.001*

Median and quartile 44.0 (29–59) 66.0 (60–73)

U, Mann-Whitney test, p p value for comparing between the two groups
*Statistically significant at p ≤ 0.05

Table 3 Comparison of medio-lateral sensory balance scores of
complete static sensory organization test between control and
study groups (n=30)

Medio-lateral Cases (n=15) Control (n=15) U P

Somatosensory

Min.–Max. 0.0–97.0 97.0–100.0 12.0* <0.001*

Mean ± SD. 69.47 ± 36.97 98.87 ± 1.30

Median and quartile 80.0 (68–97) 99.0 (98–100)

Visual

Min.–Max. 0.0–94.0 80.0–100.0 54.0* 0.014*

Mean ± SD. 70.33 ± 30.52 90.60 ± 7.89

Median and quartile 82.0 (71–86) 89.0 (82–99)

Vestibular

Min.–Max. 0.0–100.0 81.0–100.0 79.50 0.169

Mean ± SD. 72.73 ± 31.39 88.13 ± 5.88

Median and quartile 84.0 (74–92) 85.0 (85–91)

Preferential

Min.–Max. 0.0–81.0 60.0–91.0 32.0* 0.001*

Mean ± SD. 45.20 ± 32.20 80.33 ± 10.42

Median and quartile 50.0 (10–74) 86.0 (70–89)

Global

Min.–Max. 1.0–73.0 70.0–88.0 5.50* <0.001*

Median and quartile 50.0 (41–70) 74.0 (74–81)

U, Mann-Whitney test, p, p value for comparing between the two groups
*Statistically significant at p ≤ 0.05
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Discussion
The purpose of this study was to evaluate the postural
control in patients with PD in comparison to age- and
gender-matched controls and elaborate on the patho-
physiology of the balance impairment in PD patients in
the “on” state. This was accomplished by the CDP.
Our results show that the cases showed more statisti-

cally significant decrease in all sensory balance scores
except vestibular compared to controls.
Our results with global SOT are similar to a study

by Rossi et al. [13], who confirmed that patients with

abnormal balance (global SOT ≤ 69) have pathological
integration of sensory inputs of balance. Nevertheless,
Landers et al. [14] demonstrated that a global SOT
cut-off score of 68.5 was not reliable in differentiating
PD patients into fallers and non-fallers. Insensitivity
of global SOT to categorize PD patients into fallers
and non-fallers might be accredited to non-sensory
balance deficits in people with PD, which can go un-
noticed by SOT [17].
In contrast to our results in vestibular equilibrium,

somatosensory, and preferential scores, results from a

Fig. 1 Comparison of FFT of AP sway between cases and controls

Fig. 2 Comparison of FFT of ML sway between cases and controls
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study by Rossi et al. [13], Huh et al. [18], and Colnat-
Coulbois et al. [19] showed impaired vestibular and nor-
mal somatosensory and preferential balance scores in
PD patients in comparison to controls. Rossi et al. [13]
study investigated the postural control of PD patients
(Hoehn and Yahr Stages 2 to 4) and control subjects
using the SOT. In that study, the investigators noticed
that even Hoehn and Yahr stage 2 patients demonstrated
deficits in postural control in circumstances where infor-
mation from the vestibular system is needed whereas the
preferential and somatosensory scores were not signifi-
cantly different from controls. The somatosensory input
of patients with PD, despite not being significantly

poorer than that of controls, was inversely correlated
with duration of the disease as well as duration of treat-
ment. The authors concluded that the defective process-
ing of vestibular information is not dependent on the
stage of PD and may be due to a central vestibular
lesion. Huh et al. [18] found that PD patients with FOG
showed poorer postural sensory processing in relation to
those without FOG. In particular, the inability to employ
the vestibular information and impaired control over the
disturbed somatosensory inputs significantly contributed
to FOG. Similar to Rossi et al., the authors concluded
that the vestibular deficits may stem from a failure in
the central processing of vestibular feedback. Colnat-

Fig. 3 Comparison of FFT of AP and ML sway in the study group in the static conditions

Fig. 4 Comparison of FFT of AP and ML sway in the study group in the foam conditions
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Coulbois et al. [19] found that patients in late stages of
PD show impairment of all scores except somatosensory
and preferential scores. The controversy in our results in
the vestibular score with previous studies may be attrib-
uted to a few factors. In the study of Rossi et al. [13], al-
though their study group received their medication prior
to CDP examination similar to the cases in the current
study, their PD patients were much older (mean age 70.4
years and ranged from 46 to 82 years versus mean age
53.07 and ranged from 29 years to 65 years) respectively.
Visual and vestibular inputs of balance control are influ-
enced by aging [20–23]. The study by Colnat-Coulbois
et al. [19] investigated the SOT in late stage PD where
the duration of disease was (median = 11 years, inter-
quartile range 4.3 years). In our study subjects, the me-
dian duration of disease was 4 years. Huh et al. [18]
investigated the postural sensory deficits in PD patients
with FOG in their off medication state and the patients
were unable to utilize vestibular cues to maintain pos-
ture, thus a chief contributor to FOG. The authors con-
cluded that this might be ascribed to failure of central
processing of vestibular feedback, similar to other stud-
ies [19, 24, 25]. Abnormal vestibulocollic responses have
also been recognized in PD patients having moderate to
severe motor disability [26]. However, levodopa has been
found to increase the amplitudes of cVEMPs in PD pa-
tients [27]. The decrease of the somatosensory input in
our PD subjects compared to controls may be attributed
to the medication since our patients were tested in their

(On) state. Sridharan et al. [28] investigated the effects
of dopaminergic medication on cortical somatosensory
inputs in PD using magnetoencephalography (MEG).
They found a higher positive effect of dopaminergic
medications on the induced gamma augmentation com-
pared to other treatment options. Also O’Suilleabhain
et al. [29] established that levodopa impairs somatosen-
sation of people with PD and pointed out that the drug
might induce dyskinesia. However in another study, pa-
tients with PD showed an SOT condition 1 performance
comparable to norms which is inconsistent with dyski-
netic swaying [13].
In our study subjects, FFT of AP and ML displacement

of CoP was significantly higher at all frequencies in all
static and foam conditions except at low and mid fre-
quencies in foam eyes closed condition (condition 5) in
the AP plane compared to controls. Comparison of AP
than ML sway within the study group showed that AP
sway was higher than ML in static conditions at all fre-
quencies except eyes closed condition where the AP was
lower than ML. The difference was statistically signifi-
cant in Servo-controlled eye condition. The AP sway
was also higher in all foam conditions at all frequencies.
The difference was statistically significant at low and
high frequencies in eyes open condition, low frequency
in eyes closed condition, and low and mid frequencies in
Servo-controlled condition.
There have been many efforts to specify the operat-

ing frequency ranges used by vestibular, visual, and

Fig. 5 Correlation of AP and ML Global sensory balance scores of the study group with durations of disease and treatment (years) (n = 15)
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somatosensory systems sustain an upright position.
The results of different studies were contradictory.
For the visual system, Nashner et al. [30] hypothesized
that it operates below 0.1 Hz, while Mauritz et al. [31]
suggested that it is put into action below 1.0 Hz, and
Dichgans and Brandt [26] concluded that it works below
1.2 Hz. Nashner [32] postulated that, regarding the
vestibular system, the semicircular canals detect sway at
above 0.1 Hz, while the otolith organs sense acceleration
below this frequency. The somatosensory system may
function between 0.3 and 1.2 Hz [30]. Thus, the definite
frequency range where each system operates has not yet
been specified [33]. Consequently, increased high
frequency sway in condition 5 in our cases, which is
equivalent to the vestibular sensory balance score, may be
attributed to impaired somatosensory input in this condi-
tion since our cases showed AP and ML vestibular scores
comparable to controls. These findings are also supported
by the considerable decline in the somatosensory score in
PD patients as opposed to control subjects. This decrease
of the somatosensory input may be attributed to the medi-
cation since our patients were tested in their (On) state.
Resembling our results, a study by D’Andréa Greve

et al. [34] also reported significantly higher AP sway
compared to the ML in PD patients in the “on” state.
Greater AP sway may be accounted for by the PD-
induced postural deficits, due to over activation of trunk
flexor muscles and anterior relocation of the center of
gravity. Conversely, Mitchell et al. [35] recognized an
increased sway range in the mediolateral direction alone.
PD patients had more deterioration of global sensory

score with increased durations of disease and treatment.
The increased duration of treatment with levodopa
could impair somatosensation of patients and induce
dyskinesia leading [29, 36, 37] to increased global SOT.
In contrast to our results, one study found no correl-
ation between global SOT with neither duration of
disease nor that of treatment [13].

Conclusions
Parkinson’s disease patients tend to sway more com-
pared to controls in all test conditions of SOT. AP sway
is higher compared to ML. These results might provide
a better understanding of pathological mechanisms of
balance deficits in PD and thus help planning suitable
rehabilitative therapies for PD patients.

Abbreviations
AP: Antero-posterior; CDP: Computerized dynamic posturography;
CNS: Central nervous system; CoP: Center of pressure; CT : Computerized
tomography; cVEMPs: Cervical vestibular evoked myogenic potentials;
EC: Eyes closed; EO: Eyes open; FFT: Fast Fourier transform; FOG: Freezing of
gait; LoS: Limits of stability; MEG: Magnetoencephalography; ML: Medio-
lateral; MRI: Magnetic resonance imaging; PD: Parkinson’s disease;
SOT: Sensory organization test; SPS: Synapsys Posturography System;
VE: Vision erroneous

Acknowledgements
Not applicable

Authors’ contributions
ME and NMIMN have participated in data acquisition and interpretations and
drafting of the manuscript. MAMT, AE and ME diagnosed the cases and
made the concept and design of the work and made major contributor in
writing the manuscript. NMIMN and ME participated in the analysis of data
and interpretation of the results. ME was a major contributor in writing the
manuscript and made intelligible revision of the text. The authors read and
approved the final manuscript.

Funding
None.

Availability of data and materials
The datasets used and/or analyzed during the current study are available
from the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate
The current research was approved by the Institutional Ethical Committee of
the Faculty of Medicine, Alexandria University (EC Ref No: 0105400). Also,
written informed consents were obtained from all patients to participate in
the research.

Consent for publication
Written informed consents for publication were obtained from all patients.

Competing interests
The authors declare that they have no competing interests.

Author details
1Department of Otorhinolaryngology, Audio-vestibular medicine unit, Faculty
of Medicine, Alexandria University, Al Sultan Hussein street, Al Kartoom
square, Al Azareeta, Alexandria, Egypt. 2Department of Neuropsychiatry,
Faculty of Medicine, Alexandria University, Alexandria, Egypt.

Received: 13 November 2020 Accepted: 10 June 2021

References
1. Gao L, Zhang J, Hou Y, Hallett M 2017; Chan P, Wu T. The cerebellum in

dual-task performance in Parkinson's disease. Sci Rep 7(1):45662. https://doi.
org/10.1038/srep45662

2. Kowal SL, Dall TM, Chakrabarti R 2013; Storm MV, Jain A. The current and
projected economic burden of Parkinson's disease in the United States.
Mov Disord. 28(3):311–318. https://doi.org/10.1002/mds.25292

3. Miller IN, Cronin-Golomb A (2010) Gender differences in Parkinson's disease:
clinical characteristics and cognition. Movement disorders : official journal of
the Movement Disorder Society 25(16):2695–2703. https://doi.org/10.1002/
mds.23388

4. Mak MK, Pang MY (2009) Balance confidence and functional mobility are
independently associated with falls in people with Parkinson's disease. J
Neurol 256(5):742–749. https://doi.org/10.1007/s00415-009-5007-8

5. Ghulyan V, Paolino M (2005) Posturography for evaluating risk of falls in
elderly unstable patients. French Oto-Rhino-Laryngology 88:97–103

6. Visser JE, Carpenter MG, van der Kooij H, Bloem BR2008; The clinical utility
of posturography. Clin Neurophysiol 119(11):2424–2436. https://doi.org/10.1
016/j.clinph.2008.07.220

7. Ebersbach G 2011; Gunkel M. Posturography reflects clinical imbalance in
Parkinson's disease. Mov Disord 26(2):241–246. https://doi.org/10.1002/
mds.23189

8. Lanz-Suter E, Mischke C (2017) Experience of patients waiting for a hip or
pelvic fracture surgery - a qualitative study. Pflege 30(1):19–27. https://doi.
org/10.1024/1012-5302/a000525

9. Morgan SS, Beck WG, Dobie RA (2002) Can posturography identify informed
malingerers?. Otol Neurotol 23(2):214–217. https://doi.org/10.1097/001294
92-200203000-00018

Talaat et al. The Egyptian Journal of Otolaryngology           (2021) 37:85 Page 8 of 9

https://doi.org/10.1038/srep45662
https://doi.org/10.1038/srep45662
https://doi.org/10.1002/mds.25292
https://doi.org/10.1002/mds.23388
https://doi.org/10.1002/mds.23388
https://doi.org/10.1007/s00415-009-5007-8
https://doi.org/10.1016/j.clinph.2008.07.220
https://doi.org/10.1016/j.clinph.2008.07.220
https://doi.org/10.1002/mds.23189
https://doi.org/10.1002/mds.23189
https://doi.org/10.1024/1012-5302/a000525
https://doi.org/10.1024/1012-5302/a000525
https://doi.org/10.1097/00129492-200203000-00018
https://doi.org/10.1097/00129492-200203000-00018


10. van den Bogaard VA, Euser SM, van der Ploeg T, de Korte N, Sanders DG, de
Winter D 2016; et al. Diagnosing perforated appendicitis in pediatric
patients: a new model. J Pediatr Surg 51(3):444–448. https://doi.org/10.1016/
j.jpedsurg.2015.10.054

11. Findeisen M, Vennemann M, Brinkmann B, Ortmann C, Rose I, Kopcke W
2004; et al. German study on sudden infant death (GeSID): design,
epidemiological and pathological profile. Int J Legal Med 118(3):163–169.
https://doi.org/10.1007/s00414-004-0433-8

12. Muller ML, Albin RL, Kotagal V, Koeppe RA, Scott PJ, Frey KA et al (2013)
Thalamic cholinergic innervation and postural sensory integration function
in Parkinson's disease. Brain 136(Pt 11):3282–3289. https://doi.org/10.1093/
brain/awt247

13. Rossi M, Soto A, Santos S, Sesar A, Labella T (2009) A prospective study of
alterations in balance among patients with Parkinson's Disease. Protocol of
the postural evaluation. Eur Neurol 61(3):171–176. https://doi.org/10.1159/
000189270

14. Landers MR, Backlund A, Davenport J, Fortune J, Schuerman S, Altenburger
P (2008) Postural instability in idiopathic Parkinson's disease: discriminating
fallers from nonfallers based on standardized clinical measures. J Neurol
Phys Ther 32(2):56–61. https://doi.org/10.1097/NPT.0b013e3181761330

15. Ickenstein GW, Ambach H, Kloditz A, Koch H, Isenmann S, Reichmann H
et al (2012) Static posturography in aging and Parkinson's disease. Front
Aging Neurosci 4:20

16. Liao X, Wu N, Liu D, Shuai B, Li S, Li K (2020) Levodopa/carbidopa/
entacapone for the treatment of early Parkinson's disease: a meta-analysis.
Neurol Sci. https://doi.org/10.1007/s10072-020-04303-x

17. Duncan RP, Leddy AL, Cavanaugh JT, Dibble LE, Ellis TD, Ford MP, Foreman
KB, Earhart GM (2015) Detecting and predicting balance decline in
Parkinson disease: a prospective cohort study. J Parkinson's Disease 5(1):
131–139. https://doi.org/10.3233/JPD-140478

18. Huh YE, Hwang S, Kim K, Chung WH, Youn J, Cho JW (2016) Postural
sensory correlates of freezing of gait in Parkinson's disease. Parkinsonism
Relat Disord 25:72–77. https://doi.org/10.1016/j.parkreldis.2016.02.004

19. Colnat-Coulbois S, Gauchard GC, Maillard L, Barroche G, Vespignani H,
Auque J, Perrin PP (2011) Management of postural sensory conflict and
dynamic balance control in late-stage Parkinson's disease. Neuroscience
193:363–369. https://doi.org/10.1016/j.neuroscience.2011.04.043

20. Soto-Varela A, Rossi-Izquierdo M, Faraldo-Garcia A, Vaamonde-Sanchez-
Andrade I, Gayoso-Diz P, Del-Rio-Valeiras M et al (2016) Balance Disorders in
the Elderly: Does Instability Increase Over Time? Ann Otol Rhinol Laryngol
125(7):550–558. https://doi.org/10.1177/0003489416629979

21. Pedalini ME, Cruz OL, Bittar RS, Lorenzi MC, Grasel SS (2009) Sensory
organization test in elderly patients with and without vestibular dysfunction.
Acta Otolaryngol 129(9):962–965. https://doi.org/10.1080/00016480802468930

22. Cohen H, Heaton LG, Congdon SL, Jenkins HA (1996) Changes in sensory
organization test scores with age. Age Ageing 25(1):39–44. https://doi.org/1
0.1093/ageing/25.1.39

23. Colledge NR, Cantley P, Peaston I, Brash H, Lewis S, Wilson JA (1994) Ageing
and balance: the measurement of spontaneous sway by posturography.
Gerontology 40(5):273–278. https://doi.org/10.1159/000213596

24. Colnat-Coulbois S, Gauchard GC, Maillard L, Barroche G, Vespignani H,
Auque J, Perrin PP (2005) Bilateral subthalamic nucleus stimulation improves
balance control in Parkinson's disease. J Neurol Neurosurg Psychiatry 76(6):
780–787. https://doi.org/10.1136/jnnp.2004.047829

25. Frenklach A, Louie S, Koop MM, Bronte-Stewart H (2009) Excessive postural
sway and the risk of falls at different stages of Parkinson's disease. Mov
Disord 24(3):377–385. https://doi.org/10.1002/mds.22358

26. Rossi-Izquierdo M, Basta D, Rubio-Rodriguez JP, Santos-Perez S, Ernst A,
Sesar-Ignacio A 2014; et al. Is posturography able to identify fallers in
patients with Parkinson's disease? Gait Posture 40(1):53-57. https://doi.org/1
0.1016/j.gaitpost.2014.02.003

27. Potter-Nerger M, Reich MM, Colebatch JG, Deuschl G, Volkmann J (2012)
Differential effect of dopa and subthalamic stimulation on vestibular activity
in Parkinson's disease. Mov Disord 27(10):1268–1275. https://doi.org/10.1
002/mds.25061

28. Sridharan KS, Hojlund A, Johnsen EL, Sunde NA, Johansen LG, Beniczky S
et al (2017) Differentiated effects of deep brain stimulation and medication
on somatosensory processing in Parkinson's disease. Clin Neurophysiol
128(7):1327–1336. https://doi.org/10.1016/j.clinph.2017.04.014

29. O'Suilleabhain P, Bullard J, Dewey RB (2001) Proprioception in Parkinson's
disease is acutely depressed by dopaminergic medications. J Neurol
Neurosurg Psychiatry 71(5):607–610. https://doi.org/10.1136/jnnp.71.5.607

30. Nashner LM, Black FO, Wall C 3rd. (1982) Adaptation to altered support and
visual conditions during stance: patients with vestibular deficits. J Neurosci
2(5):536–544. https://doi.org/10.1523/JNEUROSCI.02-05-00536.1982

31. Mauritz KH, Dichgans J, Hufschmidt A (1979) Quantitative analysis of stance
in late cortical cerebellar atrophy of the anterior lobe and other forms of
cerebellar ataxia. Brain J Neurol 102(3):461–482. https://doi.org/10.1093/bra
in/102.3.461

32. Nashner LM (1972) Vestibular postural control model. Kybernetik 10(2):106–
110. https://doi.org/10.1007/BF00292236

33. Palmieri RM, Ingersoll CD, Stone MB, Krause BA (2002) Center-of-pressure
parameters used in the assessment of postural control. J Sport Rehabil
11(1):51–66. https://doi.org/10.1123/jsr.11.1.51

34. D'Andréa Greve JM, Luna NM, de Siqueira JP, Prota C, Alonso AC (2014)
Assessment of postural balance among individuals with Parkinson disease
with and without effects from dopaminergic medications. Am J Phys Med
Rehabil 93(5):365–371. https://doi.org/10.1097/PHM.0b013e3182a92aa9

35. Mitchell SL, Collins JJ, De Luca CJ, Burrows A, Lipsitz LA (1995) Open-loop
and closed-loop postural control mechanisms in Parkinson's disease:
increased mediolateral activity during quiet standing. Neurosci Lett 197(2):
133–136. https://doi.org/10.1016/0304-3940(95)11924-L

36. Voon V, Napier TC, Frank MJ, Sgambato-Faure V, Grace AA, Rodriguez-Oroz
M, Obeso J, Bezard E, Fernagut PO (2017) Impulse control disorders and
levodopa-induced dyskinesias in Parkinson's disease: an update. The Lancet
Neurology 16(3):238–250. https://doi.org/10.1016/S1474-4422(17)30004-2

37. Johnson L, Rodrigues J, Teo WP, Walters S, Stell R, Thickbroom G, Mastaglia
F (2015) Interactive effects of GPI stimulation and levodopa on postural
control in Parkinson's disease. Gait Posture 41(4):929–934. https://doi.org/1
0.1016/j.gaitpost.2015.03.346

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Talaat et al. The Egyptian Journal of Otolaryngology           (2021) 37:85 Page 9 of 9

https://doi.org/10.1016/j.jpedsurg.2015.10.054
https://doi.org/10.1016/j.jpedsurg.2015.10.054
https://doi.org/10.1007/s00414-004-0433-8
https://doi.org/10.1093/brain/awt247
https://doi.org/10.1093/brain/awt247
https://doi.org/10.1159/000189270
https://doi.org/10.1159/000189270
https://doi.org/10.1097/NPT.0b013e3181761330
https://doi.org/10.1007/s10072-020-04303-x
https://doi.org/10.3233/JPD-140478
https://doi.org/10.1016/j.parkreldis.2016.02.004
https://doi.org/10.1016/j.neuroscience.2011.04.043
https://doi.org/10.1177/0003489416629979
https://doi.org/10.1080/00016480802468930
https://doi.org/10.1093/ageing/25.1.39
https://doi.org/10.1093/ageing/25.1.39
https://doi.org/10.1159/000213596
https://doi.org/10.1136/jnnp.2004.047829
https://doi.org/10.1002/mds.22358
https://doi.org/10.1016/j.gaitpost.2014.02.003
https://doi.org/10.1016/j.gaitpost.2014.02.003
https://doi.org/10.1002/mds.25061
https://doi.org/10.1002/mds.25061
https://doi.org/10.1016/j.clinph.2017.04.014
https://doi.org/10.1136/jnnp.71.5.607
https://doi.org/10.1523/JNEUROSCI.02-05-00536.1982
https://doi.org/10.1093/brain/102.3.461
https://doi.org/10.1093/brain/102.3.461
https://doi.org/10.1007/BF00292236
https://doi.org/10.1123/jsr.11.1.51
https://doi.org/10.1097/PHM.0b013e3182a92aa9
https://doi.org/10.1016/0304-3940(95)11924-L
https://doi.org/10.1016/S1474-4422(17)30004-2
https://doi.org/10.1016/j.gaitpost.2015.03.346
https://doi.org/10.1016/j.gaitpost.2015.03.346

	Abstract
	Background
	Results
	Conclusions

	Background
	Methods
	Participants
	Sensory organization test (SOT)
	Statistical analysis

	Results
	Discussion
	Conclusions
	Abbreviations
	Acknowledgements
	Authors’ contributions
	Funding
	Availability of data and materials
	Declarations
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

