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Introduction
The rate of progression of Parkinson disease (PD) varies in its 
early stages of development and currently, there are no specific 
clinical markers or signs able to differentiate which patients 
will progress faster or slower through the stages of PD.1,2 This 
variability becomes an important factor in clinical manage-
ment of PD cases as it promotes delays in establishing a reliable 
diagnosis as well as the implementation of early interventions 
to those patients developing PD at a slower rate.1 Therefore, a 
pressing need arises to improve our ability to recognize and 
quantify the early and potential subclinical signs of PD devel-
opment. However, the development of such indicators is 
dependent on several steps yet to be taken, including the recog-
nition of early signs that are (1) common to patients in early 
stages of PD progression and (2) also immune to the effects of 
common PD medication used in these stages. This immunity 
to the medication will allow us to recognize the behavior of 

these indices on a larger spectrum of PD progression while 
representing a closer reality to the clinical practice.

Advances in the field of quantitative posturography have 
allowed for the development of comtemporary analytical 
approaches that are more sensitive to subtle impairments of 
balance performance caused by insults to the central nervous 
system (CNS).3-5 These methods rely on the quantification of 
indices of postural control directly linked to a large network of 
neuromechanisms dedicated to integrate sensory inputs from 
different sources (visual, vestibular, cutaneous, and propriocep-
tive) into motor outputs intended to control a large number of 
postural muscles involved in maintaning upright posture.6,7 
These techniques employ the use of mutiple postural indices 
extracted from the body’s center of pressure (COP) dynamics 
and have been used not only to measure human postural stabil-
ity in health but also to document rates of disease progression 
and efficacy of interventional protocols in different diseases.3,8,9 
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Previous studies using posturography assessed the effects of 
PD to posture control by using correlated methods and pro-
duced interesting but contradictory results. Some studies 
reported that PD affects postural behavior by decreasing one’s 
limits of functional stability10 and increasing the amplitudes of 
body sway.10-12 Others reported no significant effect of PD to 
postural behavior13,14 or increased sway area when individuals 
close their eyes.14 However, they have not been able to establish 
the reliability of these measures in early stages of medicated 
patients. In addition, Panyakaew et al14 found a moderate cor-
relation between Hoehn and Yahr (H-Y) Stage and both mean 
lateral sway and body sway area, and a strong correlation 
between disease duration and lateral sway, sway area, and lateral 
sway velocity. Taken together, these observations do not allow 
for a clear interpretation of the PD effects on postural 
behavior.

The disparity of results found across these studies may likely 
be due to the variability in populations with PD, experimental 
protocols, and postural indices used. Another important aspect 
from previous studies is the lack of standardization regarding 
the use or not of medication intended to reduce PD symp-
tomatology. A recent study reported that dopaminergic regula-
tion has an important impact on coordination of finger force 
production.15 There are weaker synergy indices during steady-
state force production in addition to delayed and reduced 
anticipatory adjustments of synergies prior to quick force pulse 
initiation in patients off-drug as compared with on-drug con-
dition. These drug effects were observed in both the sympto-
matic and asymptomatic hands of patients in both H-Y Stages 
I and II, whose symptoms were limited to 1 side of the body. 
Based on these observations, it is expected that postural symp-
toms may also be masked in non-instrumented clinical testing 
of medicated patients even though the risks of falls may still be 
present.

To aid the development of reliable tools intended to assess 
balance in early stages of PD in medicated individuals, this 
study investigated postural behavior of PD patients by using 
contemporary postural indices in spatial, temporal, frequency, 
and structural domains. The authors hypothesized that indi-
viduals with PD would show increased body sway trajectory, 
area, velocity, shakiness, and irregularity in time compared with 
healthy age-matched individuals. The authors expect this 
report to facilitate future studies aiming to investigate the 
potential use of postural indices extracted from body sway 
dynamics as subclinical markers of early PD diagnosis and PD 
progression.

Methods
Participants

Twenty-seven volunteers participated in this study. Three dis-
tinct experimental groups were formed: Parkinson group 1 
(PD1) consisted of 9 individuals diagnosed with PD and with-
out clinical symptoms of postural instability (H-Y Stage ⩽ 2). 
Parkinson group 2 (PD2) consisted of 9 individuals diagnosed 

with PD and H-Y Stage ⩾ 2.5. Control group consisted of 9 
healthy age-matched individuals with no history of any sensory, 
musculoskeletal, neurological, or cardiopulmonary disorder. 
Prior to participation, all volunteers gave their informed consent 
based on the procedures approved by the local Institutional 
Review Board (WMU-IRB # 19-04-10) and conforming to 
the Declaration of Helsinki. Table 1 presents general informa-
tion about the participants’ characteristics.

Apparatus

A force platform (Biomec, EMG Systems do Brasil Inc., 
Brazil) was used to acquire ground reaction forces and moments 
necessary to compute the body’s COP coordinates in both 
anterior–posterior (COPap) and medial–lateral (COPml) direc-
tions. Recordings were sampled at a frequency of 100 Hz with 
a 12-bit resolution.

Postural control assessment

All participants performed 2 simple postural tasks: bipedal 
stance for 120 seconds with eyes either open or closed (Vision 
and No Vision conditions). For both tasks, participants were 
instructed to stand barefoot in the force platform with their 
arms crossed and their feet 10 cm apart and parallel. For the 
Vision condition, participants were asked to focus their vision 
on a physical static point placed at eye level and at approxi-
mately 2 m. Conversely, they were asked to close their eyes for 
the No Vision condition. The duration of the entire experi-
mental session was approximately 10 minutes and none of the 
participants reported fatigue or dizziness. Figure 1 illustrates 
the posture adopted by the participants on the top of the force 
platform along with the COP displacement at the screen of the 
computer. Participants could not see the screen.

Data processing

Center of pressure was analyzed off-line by customized soft-
ware (BalanceLab vs 2.0, Synergy Applied Medical & Research 
Inc., USA). Ground reaction forces and moments of force 
around the 3 axes recorded by the force platform were used to 
compute COPap and COPml. The COPap and COPml time 
series were down-sampled to 10 Hz and de-trended by their 
mean. Twenty-one postural indices of interest computed from 
the COP signals included the following: area contained 95% of 
the COP displacement (Area95), the total length of the COP 
trajectory (TotalSway), the amplitude of the COP displace-
ment in each direction (Rangeap and Rangeml), the variability of 
the COP displacement in each direction computed by its root 
mean square (RMSap and RMSml), the total mean velocity of 
the COP displacement (TMV), the mean velocity in each 
direction (MVap and MVml), the total mean jerkiness of the 
COP displacement (TMJerk), the mean jerkiness in each direc-
tion (MJerkap and MJerkml), the mean frequency on the power 
spectrum density (PSD) in each direction (Fmeanap and 



Degani et al 3

Table 1. General information about participants’ characteristics.

SEx AGE 
(yEARS)

WEIGhT 
(KG)

hEIGhT 
(M)

h-y 
STAGE

yEARS 
SINCE 
DIAGNOSIS

TIME ELAPSED 
bETWEEN MEDICATION 
AND ExPERIMENT 
(hOURS)

NO. Of fALLS IN 
ThE PAST yEAR

Control group

 1 M 61 75.6 1.53  

 2 M 60 63.3 1.60  

 3 f 69 65.5 1.55  

 4 f 60 77.0 1.60  

 5 M 56 71.4 1.63  

 6 M 58 69.9 1.59  

 7 f 62 58.8 1.46  

 8 f 60 89.2 1.65  

 9 f 55 70.8 1.57  

Mean (SD) 60
(4)

71.3
(8.9)

1.58
(0.06)

 

PD1 group

 1 f 62 74.7 1.44 0 11 3 0

 2 M 68 69.5 1.67 0 1 8 1

 3 M 60 75.0 1.72 1 22 3 0

 4 M 62 87.9 1.72 1 7 2 0

 5 f 56 51.9 1.58 1 1 5 0

 6 M 67 72.0 1.65 1.5 5 3 0

 7 M 60 82.2 1.61 1.5 3 1 0

 8 M 65 65.3 1.59 2 4 3 0

 9 f 41 57.5 1.55 2 6 2 0

Mean (SD) 60
(8)

70.7
(11.3)

1.61
(0.1)

 

PD2 group

 1 M 50 69.0 1.58 2.5 5 2 3

 2 M 66 80.0 1.61 2.5 6 2.5 0

 3 M 59 117.2 1.84 2.5 5 3 4

 4 M 63 66.0 1.63 2.5 13 1.5 2

 5 f 65 66.4 1.52 3 1 3 4

 6 f 56 65.6 1.51 3 3 2.5 2

 7 M 64 75.7 1.59 4 8 2 2

 8 M 77 56.3 1.58 4 3 2.5 3

 9 f 71 71.4 1.43 4 6 1.5 10

Mean (SD) 63
(8)

74.2
(17.5)

1.60
(0.13)

 

Means and standard deviations (SD) are reported.
Abbreviations: h-y Stage, hoehn and yahr Stage; f/M, female/male sex; PD, Parkinson disease; PD1, Parkinson group 1; PD2, Parkinson group 2.
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Fmeanml), the frequency peak on the PSD in each direction 
(Fpeakap and Fpeakml), the frequency band of the stabilogram 
containing 80% of the PSD in each direction (F80COPap and 
F80COPml), the sample entropy of the COP trajectory in each 
direction (SEntap and SEntml), and the cross-sample entropy 
(CrossSEnt) between COPap and COPml.

Innovative indices, such as body sway jerkiness and sample 
entropy, have been successfully used to detect subtle changes in 
postural control.16,17 Body sway jerkiness is defined as the rate 
of change in COP acceleration. In the study, it was computed 
as the third derivative of the COP position with respect to 
time.

The entropy of the body sway was computed to quantify the 
unpredictability level of the COP fluctuation in time by ana-
lyzing the probability of a particular sequence of COP values to 
repeat itself in time. Body sway entropy estimates were obtained 
through estimations of the correlation, persistence, and regu-
larity of the COP signal for each direction (SEntap and SEntml) 
in time. In general, the algorithm includes the scalar time series 
(COPap or COPml displacement in time), the number of input 
data points for entropy computations (N), the length of com-
pared runs (m), and the effectively filter level defining the cri-
terion of similarity (r). The entropy of a scalar time series 
calculates the probability that a sequence of N data points, hav-
ing repeated itself within a tolerance r for a window length m, 
will also repeat itself for (m + 1) points, without allowing self-
matches. For m = 1 and 2, values of r between 0.1 and 0.25 
standard deviation of the time series data produce good statis-
tical validity of entropy.18 For this study, the variables r (the 
tolerance) and m (the matching length) for sample entropy 
calculation were set at 2 and 0.2, respectively.

Resulting sample entropy estimation was represented by a 
single, nonnegative real number indicating the level of irregu-
larity of the time series along a certain period. Smaller sample 
entropy estimates indicate many repetitive patterns of COP 
fluctuation in time, whereas larger estimates indicate a more 
irregular, random, and unpredictable pattern. Cross-sample 
entropy was obtained by estimations of the degree of asyn-
chrony between COPap and COPml signals in time. Higher 
CrossSEnt estimates indicate larger levels of asynchrony of the 

postural sway between the 2 directions; lower values, in con-
trast, indicate more co-dependence of the postural sway 
dynamics between the 2 directions. See Richman and 
Moorman19 for more details regarding sample entropy and 
cross-sample entropy.

Statistical approach

Statistical tests were performed using the IBM SPSS statistics 
software (version 22). For each task, non-parametric Kruskal–
Wallis H and Mann–Whitney U tests were used to investigate 
the effects of Disease (Control, PD1, and PD2) on the response 
variables. For each group of participants, the effects of Visual 
Input (Vision and No Vision) were also investigated. For all 
response variables, medians and quartiles across participants 
were reported. For all statistics, P values and 95% confidence 
interval (CI) of the difference were reported. The significant 
level was fixed at .05.

Results
Vision condition: bipedal stance with eyes open

Figure 2 shows, on the left, the body’s COP displacement of a 
representative participant of each group (Control, PD1, and 
PD2) performing bipedal stance with eyes open. The similar 
body sway area among these 3 participants and a denser path 
for participants with PD visually show an increased total length 
of the COP trajectory.

Static posturography revealed no significant effect of PD 
(Control, PD1, and PD2) for most of the postural indices 
when participants performed bipedal stance with eyes opened. 
However, PD1 participants presented significantly higher val-
ues for MVml, TMJerk, MJerkap, and MJerkml compared with 
Controls, P = .044, 95% CI of the difference, –0.05 to 0.01; 
P = .024, 95% CI of the difference, –55 to –14; P = .038, 95% CI 
of the difference, –46 to –10; and P = .031, 95% CI of the dif-
ference, –29 to –2, respectively, whereas PD2 participants pre-
sented significantly higher values for TotalSway, RMSap, MVml, 
TMJerk, MJerkap, and MJerkml compared with Controls, 
P = .047, 95% CI of the difference, –4499 to –574; P = .014, 
95% CI of the difference, –0.39 to –0.07; P = .035, 95% CI of 
the difference, –0.41 to –0.01; P = .003, 95% CI of the differ-
ence, –455 to –50; P = .015, 95% CI of the difference, –368 to 
–48; and P = .003, 95% CI of the difference, –202 to –12, 
respectively. In addition, Mann–Whitney U tests revealed no 
significant difference in postural indices between PD1 and 
PD2 participants. Figure 3 shows box plots of COP area, total 
sway, velocity, and jerkiness of participants performing bipedal 
stance with eyes open. Table 2 shows all 21 postural indices 
across participants performing bipedal stance with eyes opened.

No vision condition: bipedal stance with eyes closed

Figure 2 shows, on the right, the body’s COP displacement of 
a representative participant of each group (Control, PD1, and 

figure 1. Representation of the postural task on the force platform and 

the body’s COP displacement. COP indicates center of pressure.
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figure 2. The COP displacement of a representative participant of each group (Control, PD1, and PD2) performing bipedal stance with eyes open (A, b, 

and C, respectively) and eyes closed (D, E, and f, respectively). COP indicates center of pressure; PD, Parkinson disease; PD1, Parkinson group 1; PD2, 

Parkinson group 2.

figure 3. box plot of the (A) COP area, (b) total COP sway, (C) mean COP velocity, and (D) mean COP jerkiness during bipedal stance with eyes open 

(Vision) and eyes closed (No Vision) conditions. COP indicates center of pressure; PD, Parkinson disease; PD1, Parkinson group 1; PD2, Parkinson group 2.
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PD2) performing bipedal stance with eyes closed. When all 
participants performed bipedal stance with closed eyes, PD1 
presented significantly higher MJerkml compared with Controls, 
P = .034, 95% CI of the difference, –48 to –8, whereas PD2 
presented significantly higher RMSml, TMJerk, and MJerkml, 
and significantly lower Fmeanml and F80COPml compared with 
Control participants, P = .043, 95% CI of the difference, –0.38 
to –0.00; P = .034, 95% CI of the difference, –820 to –15; 
P = .007, 95% CI of the difference, –339 to –15; P = .043, 95% 
CI of the difference, –0.18 to –0.19; and P = .016, 95% CI of 
the difference, –0.22 to –0.30, respectively. Table 3 shows all 21 
postural indices recorded across participants performing 
bipedal stance with eyes closed. Figure 3 shows box plots of 
COP area, total sway, velocity, and jerkiness of participants per-
forming bipedal stance with eyes closed.

The effect of visual input on postural sway was also ana-
lyzed within each group of participants. When both Controls 
and PD1 closed their eyes, they increased their Rangeap, TMV, 

MVap, TMJerk, and MJerkap, P = .024, 95% CI of the difference, 
–0.87 to –0.63; P = .002, 95% CI of the difference, –0.49 to 
–0.29; P = .004, 95% CI of the difference, –0.49 to –0.29; 
P = .004, 95% CI of the difference, –110 to –46; and P < .001, 
95% CI of the difference, –117 to –49, respectively, for Controls; 
P = .047, 95% CI of the difference, –1.44 to –0.36; P = .024, 
95% CI of the difference, –0.35 to –0.19; P = .007, 95% CI of 
the difference, –0.35 to –0.18; P = .047, 95% CI of the differ-
ence, –136 to –42; and P = .047, 95% CI of the difference, –134 
to –33, respectively, for PD1. No significant effect of visual 
input was observed for PD2.

Discussion
Motor impairments, such as tremor, slowness of movements, 
and increased muscle stiffness, often play an important role in 
the surfacing of abnormal postural behavior, postural instabil-
ity, and its inherently higher risk of falling. The presence, tim-
ing, and intensity of these motor symptoms are also known to 

Table 2. Median (first quartile, third quartile) values of postural indices across participants (Control, PD1, and PD2) while performing bipedal stance 
with eyes opened.

CONTROL PD1 PD2

Area95 (cm2) 1.01 (0.65-1.27) 1.00 (0.73-1.73) 1.28 (0.83-4.51)

TotalSway (cm) 3777 (3335-4690) 4165 (3749-5300) 5230 (4310-8631)** (p=0.047) 

Rangeap (cm) 2.12 (1.88-2.60) 2.49 (1.90-2.96) 2.61 (2.39-4.62)

Rangeml (cm) 0.96 (0.73-1.00) 1.10 (0.97-1.38) 1.17 (0.74-2.87)

RMSap (cm) 0.35 (0.31-0.44) 0.38 (0.35-0.52) 0.51 (0.37-0.67)** (p=0.014)

RMSml (cm) 0.15 (0.12-0.17) 0.16 (0.12-0.23) 0.18 (0.12-0.35)

TMV (cm/s) 0.90 (0.81-0.97) 0.89 (0.82-1.12) 1.13 (0.85-1.38)

MVap (cm/s) 0.71 (0.62-0.83) 0.67 (0.65-0.91) 0.85 (0.67-1.17)

MVml (cm/s) 0.41 (0.39-0.42) 0.45 (0.41-0.48)* (p=0.044) 0.52 (0.43-0.85)** (p=0.035)

TMJerk (cm/s3) 372 (360-382) 431 (404-435)* (p=0.024) 447 (426-542)** (p=0.003)

MJerkap (cm/s3) 251 (243-259) 287 (263-313)* (p=0.038) 319 (277-378)** (p=0.015)

MJerkml (cm/s3) 216 (209-236) 252 (226-261)* (p=0.031) 261 (251-309)** (p=0.003)

Fmeanap (hz) 0.20 (0.18-0.31) 0.21 (0.15-0.23) 0.15 (0.14-0.20)

Fmeanml (hz) 0.37 (0.30-0.47) 0.29 (0.27-0.40) 0.34 (0.20-0.39)

Fpeakap (hz) 0.02 (0.02-0.12) 0.02 (0.02-0.07) 0.03 (0.02-0.03)

Fpeakml (hz) 0.02 (0.02-0.02) 0.02 (0.02-0.02) 0.02 (0.02-0.03)

F80ap (hz) 0.32 (0.27-0.47) 0.32 (0.20-0.45) 0.28 (0.18-0.38)

F80ml (hz) 0.57 (0.48-0.63) 0.55 (0.37-0.63) 0.42 (0.32-0.62)

SEntap 0.08 (0.07-0.09) 0.07 (0.06-0.08) 0.06 (0.05-0.08)

SEntml 0.13 (0.09-0.15) 0.11 (0.09-0.14) 0.13 (0.06-0.15)

CrossSEnt 0.23 (0.14-0.31) 0.19 (0.13-0.25) 0.17 (0.06-0.26)

Abbreviations: PD, Parkinson disease; PD1, Parkinson group 1; PD2, Parkinson group 2.
*indicates significant difference between Control and PD1 participants (P < .05). **indicates significant difference between Control and PD2 participants (P < .05).
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vary across individuals and change over time, which makes it 
difficult to assess postural impairments across this resulting 
spectrum of clinical scenarios. This present study was able to 
uncover features of postural behavior that seem to be inde-
pendent of the severity of these symptoms. In general, neither 
group of individuals with PD (PD1 and PD2) showed sig-
nificant differences regarding body sway area, frequency, sam-
ple entropy, or the irregularity level of body sway in time 
compared with healthy age-matched individuals. However, 
patients with PD using medication presented faster and 
shakier body sway when compared with Controls, independ-
ent of their H-Y Stage. In addition, the total length of body 
sway and the variability of the COPap displacement in indi-
viduals at advanced stages of PD (H-Y Stage above 2) were 
significantly higher compared with Controls. The present 
study found no significant differences for any postural index 
computed between early and late stages of PD. Finally, pos-
tural sway in PD on dopamine medications was laterally 

shakier compared with healthy age-matched individuals 
when visual input was withdrawn. In addition, healthy 
Controls and individuals at early stages of PD (PD1) swayed 
more, faster, and shakier when they stood still with eyes closed 
compared with eyes opened.

No significant differences regarding some postural indices 
in patients with PD and healthy Controls were also reported in 
previous studies.13,14 However, they are contradictory to a series 
of reports in which these indices seemed to be affected by 
PD.10-12 Despite expected changes in body sway indices as PD 
emerges and progresses, it seems that age-related changes in 
the sensory-motor system and anti-Parkinsonian medications 
might have counter-acted such effects of PD. A few studies 
have reported that the progressive and non-homogeneous 
degeneration of sensory, neural, and motor functions due to the 
process of aging by itself affects postural behavior by increasing 
body sway area17,20,21 and the unpredictability of COP dis-
placement in time.17,22

Table 3. Median (first quartile, third quartile) values of postural indices across participants (Control, PD1, and PD2) while performing bipedal stance 
with eyes closed.

CONTROL PD1 PD2

Area95 (cm2) 1.12 (0.93) 1.26 (0.091-3.88) 2.80 (1.26-8.12)

TotalSway (cm) 4511 (4101-5256) 4756 (4290-7090) 6138 (4929-10 355)

Rangeap (cm) 2.76 (2.63-3.19) 3.18 (3.09-3.68) 3.39 (2.99-3.94)

Rangeml (cm) 0.94 (0.90-1.03) 1.42 (0.99-1.90) 1.89 (1.07-2.70)

RMSap (cm) 0.42 (0.40-0.47) 0.46 (0.39-0.62) 0.51 (0.45-0.62)

RMSml (cm) 0.14 (0.13-0.16) 0.16 (0.14-0.34) 0.31 (0.15-0.45)** (p=0.043)

TMV (cm/s) 1.18 (1.16-1.30) 1.17 (1.12-1.48) 1.26 (1.09-2.15)

MVap (cm/s) 1.01 (1.00-1.12) 0.98 (0.97-1.28) 1.05 (0.88-1.41)

MVml (cm/s) 0.45 (0.43-0.48) 0.48 (0.46-0.52) 0.56 (0.45-1.34)

TMJerk (cm/s3) 440 (395-460) 466 (443-587) 479 (449-722)** (p=0.034)

MJerkap (cm/s3) 321 (221-238) 326 (311-463) 371 (340-470)

MJerkml (cm/s3) 233 (221-238) 268 (249-283)* (p=0.034) 249 (240-469)** (p=0.007)

Fmeanap (hz) 0.32 (0.25-0.34) 0.20 (0.16-0.25) 0.22 (0.16-0.26)

Fmeanml (hz) 0.36 (0.33-0.40) 0.30 (0.24-0.37) 0.21 (0.17-0.35)** (p=0.043)

Fpeakap (hz) 0.02 (0.02-0.03) 0.02 (0.02-0.05) 0.02 (0.02-0.03)

Fpeakml (hz) 0.02 (0.02-0.03) 0.02 (0.02-0.02) 0.02 (0.02-0.02)

F80ap (hz) 0.42 (0.33-0.55) 0.33 (0.23-0.38) 0.32 (0.22-0.40)

F80ml (hz) 0.55 (0.45-0.60) 0.48 (0.37-0.57) 0.35 (0.25-0.38)** (p=0.016)

SEntap 0.10 (0.08-0.11) 0.08 (0.07-0.09) 0.08 (0.06-0.10)

SEntml 0.13 (0.12-0.14) 0.12 (0.10-0.15) 0.08 (0.06-0.13)

CrossSEnt 0.20 (0.14-0.22) 0.17 (0.08-0.21) 0.09 (0.06-0.18)

Abbreviations: PD, Parkinson Disease; PD1, Parkinson group 1; PD2, Parkinson group 2.
*indicates significant difference between Control and PD1 participants (P < .05). **indicates significant difference between Control and PD2 participants (P < .05).
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In general, postural instability creates difficulties with trans-
fers, gait, and activities of daily living. As a consequence, pos-
tural instability becomes the major cause of falls and fall-related 
injuries. Unfortunately, balance disorders in PD are clinically 
missed in the beginning of the disease. Falls at this moment 
seems to be associated to the age-related sensory-motor 
changes rather than to the disease. The present study was able 
to reveal non-age-related changes in the mechanisms of pos-
tural adjustments even at early stages of PD. The postural indi-
ces used in the study were able to detect subtle changes in body 
sway related with balance impairments that were not detected 
by regular clinical assessment. The body sway velocity and jerk-
iness were sensitive to PD, independent of its H-Y Stage and 
even under the effect of anti-Parkinsonian medication. The 
increased lateral sway velocity found for both PD1 and PD2 
corroborates with reports of lateral postural instability in indi-
viduals with PD.14,16,23 Shakier body sway in PD detected by 
increased jerkiness of the COP displacement recorded by a 
force platform was also described in a previous report using an 
accelerometer positioned on the posterior trunk.16 Considering 
that the process of aging alone increases both the velocity and 
jerkiness of postural sway,17,20,21 our findings suggest that the 
presence of PD will amplify these measures, therefore becom-
ing clinically relevant to aid PD diagnosis. Most importantly, 
these indices were found to be altered even in those patients 
who did not report postural instability according to their H-Y 
level (PD1 group). Faster and shakier body sway reflects the 
effect of tremor, increased joint resistance (stiffness) and co-
contraction of postural muscles,24 impaired somatosensorial 
processing,25 difficulty in scaling postural responses,26,27 
increased voluntary postural corrections,26 and impaired feed-
forward mechanisms controlling upright posture in individuals 
with PD, independent of its stage.

Regarding anti-Parkinsonian medications, Park et  al15 
reported deterioration of synergistic patterns of finger coordi-
nation 12 hours after suspension of medication. This medica-
tion effect may also be present in the coordination of postural 
muscles. Therefore, we speculate that age- and medication-
related effects on balance might have masked possible effects of 
PD on some postural indices. Recently, multi-muscle synergies 
stabilizing upright stance and anticipatory synergy adjustments 
to postural perturbations at early stages of PD and also in 
patients on dopamine-replacement drugs were reported.4,5 
However, no effect of medication was observed on postural 
indices extracted from the COP displacement. Anticipatory 
postural adjustments were reported to be similar in individuals 
with PD in both “on” and “off ” states of medication.28 Patients 
in the “off ” state improved their anticipatory postural adjust-
ments with practice, while patients in the “on” state did not. 
Motor coordination of fingers are also affected by PD. Lower 
maximal finger forces, higher unintended force production, 
weaker multi-finger synergy, and delayed and reduced anticipa-
tory synergy adjustments in early stages of PD have been 

reported,29 in addition to improved multi-finger coordination 
during dopamine-replacement therapy.15 It seems that anti-
Parkinsonian drugs have different effects on posture control 
and fine multi-finger coordination. Taken all together, the pre-
sent study strongly suggests the use of body sway velocity and 
jerkiness as sensitive markers to aid in early diagnosis of pos-
tural instability in individuals with PD.

The fact that the present study did not show significant dif-
ferences on postural indices between the 2 Parkinson groups 
does not mean that postural sway does not change across all 
stages of the disease. The use of posturography to assess pro-
gress of PD was not the goal of the study. However, 2 groups of 
individuals with PD were formed to differentiate individuals 
with and without postural instability diagnosis according to 
their H-Y Stage. In general, studies have reported changes on 
postural control as the disease progresses such as increased pos-
tural sway in both static and dynamic stance conditions,30 
reduced postural control precision,31 increased oscillations in 
both directions,31 poorer balance performance,32 slower move-
ment velocity on the limits of stability test,32 and changes in 
reactive postural control.32 Taken together, it is suggested that 
total body sway and sway area, velocity, and jerkiness would be 
useful clinical markers to detect progress of postural instability 
in individuals with Parkinson diseases. Further studies includ-
ing individuals with PD at different stages should be done to 
map progression of postural instability in this population.

Despite the effect of sensory conflict was not the focus of 
this study, a few findings regarding temporary withdrawal of 
visual input and postural control are worthy of discussion. The 
withdrawal of visual input leads to laterally shakier body sway 
in individuals with PD on dopamine medications compared 
with healthy age-matched individuals. A greater effect of PD 
on lateral postural sway indices when visual input is not allowed 
has also been reported in the literature.11,13,14,16,33 Panyakaew 
et al14 compared postural sway of healthy individuals and indi-
viduals with early PD when standing with closed eyes. They 
reported increased mean medio-lateral sway, mean sway veloc-
ity, lateral sway velocity, and sway area. They also reported a 
moderate correlation between H-Y Stage and both mean 
medio-lateral sway and sway area, as well as a strong correlation 
between disease duration and mean medio-lateral sway, sway 
area, mean sway, and lateral sway velocity. In addition, measures 
of body sway at late stages of PD presented more variability 
and less frequency in the medio-lateral direction. A few studies 
suggested that lateral instability in PD might be related to the 
asymmetric aspect of the disease,34 increased trunk and ankle 
stiffness reducing movements in the sagittal plane,33,35 and a 
possible greater decline in hip and trunk control compared 
with ankle control.16 Therefore, the present study also suggests 
the use of static posturography with visual deprivation to assess 
postural instability. Moreover, the effect of visual manipulation 
affected postural sway amplitude, velocity, and jerkiness in both 
Controls and PD1 individuals. A few studies reported changes 
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in postural sway indices under conditions of reduced or con-
flicting sensory information in both younger and older healthy 
adults.17,20,21,36 Despite reports of increased lateral body sway 
and sway area at early PD37 and decreased lateral sway,38 the 
present study showed no significant changes in postural indices 
when individuals at advanced stages of PD closed their eyes. 
The authors speculate a decrease in the reliance on visual input 
to control balance at later stages of PD. Previous studies of 
populations with PD have also reported the ability of appropri-
ate postural responses to sensory conflict situations, such as 
visual input deprivation.10,39 Further studies focusing on the 
effect of temporary withdraw of visual input on postural con-
trol of individuals with PD would be of great importance to 
improve balance interventional tools for this population.

In general, findings from this study provided a step forward 
in the development of sensitive techniques and software to 
assess postural instability in PD by using posturography. 
Although postural instability is considered a clinical marker of 
PD at H-Y Stage 3, early detection of balance deficits is of 
extreme clinical importance. Many postural indices were not 
sensitive to the effect of PD on postural control, likely due to 
the combined effect of the variability of motor symptoms 
among patients, anti-Parkinsonian medication, and the natural 
process of aging. However, individuals with PD presented sub-
clinical postural instability characterized by faster and shakier 
body sway even in the early stages of the disease. This finding 
indicates that balance control is affected even before clinical 
signs surface. In addition, lateral instability became more evi-
dent in late stages of the disease and when visual information 
was not allowed. A few postural indices revealed to be potential 
markers to aid in the diagnosis of PD even at early stages of the 
disease. First, the body sway velocity and jerkiness measured 
during simple standing tasks, such as bipedal stance with eyes 
either open or closed, revealed to be potential markers of pos-
tural instability in individuals with PD. Second, the total length 
of body sway and the variability of COP displacement in the 
anterior–posterior direction revealed to be objective measures 
of the progression of the disease. Third, the increased lateral 
sway in patients with PD compared with Controls when vision 
was occluded revealed to be another clinical biomarker of 
patients with PD regardless of severity. Therefore, postural 
markers used in this study are the great importance to improve 
early diagnosis of postural instability in PD, record progress of 
balance control, and assess fall risk. They should also be imple-
mented in clinical trials of pharmacotherapy and balance train-
ing protocols specific to populations diagnosed with PD.

Acknowledgements
The authors would like to thank all volunteers for their moti-
vated participation in this study.

Author contributions
Conception and design of the study (AMD, VSC, ATM, 
AD-d-S), data acquisition (VSC, ATM, ALSA, EdCS), 

data analysis and interpretation (AMD, VSC, ATM, 
AD-d-S), drafting the article (AMD), revising the article 
critically for important intellectual content (all authors), 
and final approval of the version to be submitted (all 
authors).

ORCID iD 
Adriana Menezes Degani  https://orcid.org/0000-0002-1269 
-8210

RefeRenCes
 1. Rascol O, Fitzer-Attas CJ, Hauser R. A double-blind, delayed-start trial of 

rasagiline in Parkinson’s disease (the ADAGIO study): prespecified and post-
hoc analyses of the need for additional therapies, changes in UPDRS scores, 
and non-motor outcomes. Lancet Neurol. 2011;10:415-423. doi:10.1016/
S1474-4422(11)70073-4.

 2. Jankovic J. Parkinson’s disease: clinical features and diagnosis. J Neurol Neurosurg 
Psychiatry. 2008;79:368-376. doi:10.1136/jnnp.2007.131045.

 3. Duarte M, Freitas SMSF. Revision of posturography based on force plate for bal-
ance evaluation. Rev Bras Fisioter. 2010;14:183-192. doi:10.1590/S1413-35552 
010000300003.

 4. Falaki A, Huang X, Lewis M, Latash ML. Impaired synergistic control of pos-
ture in Parkinson’s patients without postural instability. Gait Posture. 
2016;44:209-215. doi:10.1016/j.gaitpost.2015.12.035.

 5. Falaki A, Huang X, Lewis M, Latash ML. Dopaminergic modulation of multi-
muscle synergies in postural tasks performed by patients with Parkinson’s dis-
ease. J Electromyogr Kinesiol. 2017;33:20-26. doi:10.1016/j.jelekin.2017.01.002.

 6. Krishnamoorthy V, Latash ML, Scholz JP, Zatsiorsky VM. Muscle synergies 
during shifts of the center of pressure by standing persons. Exp Brain Res. 
2003;152:281-292. doi:10.1007/s00221-003-1574-6.

 7. Danna-Dos-Santos A, Degani AM, Boonstra TW, et al. The influence of 
visual information on multi-muscle control during quiet stance: a spectral 
analysis approach. Exp Brain Res. 2015;233:657-669. doi:10.1007/s00221- 
014-4145-0.

 8. Barcala L, Grecco LA, Colella F, Lucareli PR, Salgado AS, Oliveira CS. Visual 
biofeedback balance training using wii fit after stroke: a randomized controlled 
trial. J Phys Ther Sci. 2013;25:1027-1032. doi:10.1589/jpts.25.1027.

 9. Oliva Pascual-Vaca A, Punzano-Rodriguez R, Escriba-Astaburuaga P, et al. Short-
term changes in algometry, inclinometry, stabilometry, and urinary pH analysis 
after a thoracolumbar junction manipulation in patients with kidney stones. J Altern 
Complement Med. 2017;23:639-647. doi:10.1089/acm.2017.0041.

 10. Dona F, Aquino CC, Gazzola JM, et al. Changes in postural control in patients 
with Parkinson’s disease: a posturographic study. Physiotherapy. 2016;102:272-
279. doi:10.1016/j.physio.2015.08.009.

 11. Chastan N, Debono B, Maltete D, Weber J. Discordance between measured pos-
tural instability and absence of clinical symptoms in Parkinson’s disease patients 
in the early stages of the disease. Mov Disord. 2008;23:366-372. doi:10.1002/
mds.21840.

 12. Blaszczyk JW, Orawiec R. Assessment of postural control in patients with 
Parkinson’s disease: sway ratio analysis. Hum Mov Sci. 2011;30:396-404. 
doi:10.1016/j.humov.2010.07.017.

 13. Marchese R, Bove M, Abbruzzese G. Effect of cognitive and motor tasks on pos-
tural stability in Parkinson’s disease: a posturographic study. Mov Disord. 
2003;18:652-658. doi:10.1002/mds.10418.

 14. Panyakaew P, Anan C, Bhidayasiri R. Visual deprivation elicits subclinical pos-
tural inflexibilities in early Parkinson’s disease. J Neurol Sci. 2015;349:214-219. 
doi:10.1016/j.jns.2015.01.022.

 15. Park J, Lewis MM, Huang X, Latash ML. Dopaminergic modulation of motor 
coordination in Parkinson’s disease. Parkinsonism Relat Disord. 2014;20:64-68. 
doi:10.1016/j.parkreldis.2013.09.019.

 16. Mancini M, Carlson-Kuhta P, Zampieri C, Nutt JG, Chiari L, Horak FB. Pos-
tural sway as a marker of progression in Parkinson’s disease: a pilot longitudinal 
study. Gait Posture. 2012;36:471-476. doi:10.1016/j.gaitpost.2012.04.010.

 17. Degani AM, Leonard CT, Danna-Dos-Santos A. The effects of early stages of 
aging on postural sway: a multiple domain balance assessment using a force plat-
form. J Biomech. 2017;64:8-15. doi:10.1016/j.jbiomech.2017.08.029.

 18. Pincus SM. Approximate entropy as a measure of system complexity. Proc Natl 
Acad Sci USA. 1995;88:2297-2301. doi:10.1073/pnas.88.6.2297.

 19. Richman J, Moorman J. Physiological time-series analysis using approximate 
entropy and sample entropy. Am J Physiol Heart Circ Physiol. 2000;278: 
H2039-H2049. doi:10.1152/ajpheart.2000.278.6.H2039.

https://orcid.org/0000-0002-1269-8210
https://orcid.org/0000-0002-1269-8210


10 Journal of Central Nervous System Disease 

 20. Benjuya N, Melzer I, Kaplanski J. Aging-induced shifts from a reliance on sen-
sory input to muscle cocontraction during balanced standing. J Gerontol A Biol Sci 
Med Sci. 2004;59:166-171. doi:10.1093/gerona/59.2.m166.

 21. Wiesmeier IK, Dalin D, Maurer C. Elderly use proprioception rather than visual 
and vestibular cues for postural motor control. Front Aging Neurosci. 2015;7:97. 
doi:10.3389/fnagi.2015.00097.

 22. Borg FG, Laxaback G. Entropy of balance: some recent results. J Neuroeng 
Rehabil. 2010;7:38. doi:10.1186/1743-0003-7-38.

 23. Blaszczyk JW. Sway ratio—a new measure for quantifying postural stability. 
Acta Neurobiol Exp. 2008;68:51-57.

 24. Horak FB, Nutt JG, Nashner LM. Postural inflexibility in parkinsonian sub-
jects. J Neurol Sci. 1992;111:46-58. doi:10.1016/0022-510x(92)90111-w.

 25. Bekkers EMJ, Dockx K, Heremans E, et al. Contribution of proprioceptive 
information to postural control in elderly and patients with Parkinson’s disease 
with a history of falls. Front Hum Neurosci. 2014;8:939. doi:10.3389/fnhum. 
2014.00939.

 26. Bloem BR, Beckley DJ, van Dijk JG, Zwinderman AH, Remler MP, Roos RA. 
Influence of dopaminergic medication on automatic postural responses and balance 
impairment in Parkinson’s disease. Mov Disord. 1996;11:509-521. doi:10.1002/
mds.870110506.

 27. Horak FB, Frank J, Nutt J. Effects of dopamine on postural control in parkinso-
nian subjects: scaling, set, and tone. J Neurophysiol. 1996;75:2380-2396. 
doi:10.1152/jn.1996.75.6.2380.

 28. Hall LM, Brauer SG, Horak F, Hodges PW. The effect of Parkinson’s Disease 
and Levodopa on adaptation of anticipatory postural adjustments. Neuroscience. 
2013;250:483-492. doi:10.1016/j.neuroscience.2013.07.006.

 29. Park J, Wu YH, Lewis MM, Huang X, Latash ML. Changes in multifinger 
interaction and coordination in Parkinson’s disease. J Neurophysiol. 2012;108:915-
924. doi:10.1152/jn.00043.2012.

 30. Frenklach A, Louie S, Koop MM, Bronte-Stewart H. Excessive postural sway 
and the risk of falls at different stages of Parkinson’s disease. Mov Disord. 2009; 
24:377-385.

 31. Colnat-Coulbois S, Gauchard GC, Maillard L, et al. Management of postural 
sensory conflict and dynamic balance control in late-stage Parkinson’s disease. 
Neuroscience. 2011;193:363-369.

 32. Harro CC, Kelch A, Hargis C, DeWitt A. Comparing balance performance on 
force platform measures in individuals with Parkinson’s disease and healthy 
adults. Parkinsons Dis. 2018;2018;6142579. doi:10.1155/2018/6142579.

 33. Mitchell SL, Collins JJ, De Luca CJ, Burrows A, Lipsitz LA. Open-loop and 
closed-loop postural control mechanisms in Parkinson’s disease: increased 
mediolateral activity during quiet standing. Neurosci Lett. 1995;197:133-136.

 34. Geurts ACH, Boonstra TA, Voermans NC, Diender MG, Weerdesteyn V, 
Bloem BR. Assessment of postural asymmetry in mild to moderate Parkinson’s 
disease. Gait Posture. 2011;33:143-145. doi:10.1016/j.gaitpost.2010.09.018.

 35. Rinalduzzi S, Trompetto C, Marinelli L, et al. Balance dysfunction in Parkin-
son’s disease. Biomed Res Int. 2015;2015:434683. doi:10.1155/2015/434683.

 36. Fino P, Mojdehi AR, Adjerid K, Habibi M, Lockhart TE, Ross SD. Comparing 
postural stability entropy analyses to differentiate fallers and non-fallers. Ann 
Biomed Eng. 2016;44:1636-1645. doi:10.1007/s10439-015-1479-0.

 37. Blaszczyk JW, Orawiec R, Duda-Klodowska D, Opala G. Assessment of pos-
tural instability in patients with Parkinson’s disease. Exp Brain Res. 2007;183:107-
114. doi:10.1007/s00221-007-1024-y.

 38. Czechowicz B, Boczarska-Jedynak M, Opala G, Slomka K. The influence of 
visual control on postural stability in Parkinson disease. Neurol Neurochir Pol. 
2011;45:132-139. doi:10.1016/s0028-3843(14)60024-4.

 39. Waterston JA, Hawken MB, Tanyeri S, Jantti P, Kennard C. Influence of sensory 
manipulation on postural control in Parkinson’s disease. J Neurol Neurosurg 
Psychiatry. 1993;56:1276-1281.




