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A B S T R A C T

Introduction: Parkinson's disease (PD) is characterized by gait disturbances, which become severe during the
advanced stages of the disease. Though gait impairments in Parkinson's disease have been extensively described
in terms of spatiotemporal gait parameters, little is known regarding associated patterns of cortical activity. The
objective of the present study is to test if interhemispheric synchronization differs between participants with PD
and healthy elderly controls (NPD). We analyzed electroencephalography (EEG) signals recorded during bi-
lateral movements, i.e., locomotion and hand tapping.
Methods: Fifteen participants with PD (‘OFF’ their anti-parkinsonian medications) and eight NPD were assessed
during quiet standing, straight-line walking, turning, and hand tapping tasks. Using a 32-electrode EEG array, we
quantified the synchronization in periodic cortical activation between the brain hemispheres (interhemispheric
phase synchronization; inter-PS). Theta, alpha, beta, and gamma bands were evaluated.
Results: In all bands, inter-PS was significantly higher for the PD group as compared with the NPD group during
standing and walking (p<0.001) and during bimanual tasks (p=0.026).
Conclusions: Persons with PD exhibit increased inter-PS as compared with NPD participants. These findings
support previous evidence from animal studies, that bilateral cortical hypersynchronization emerges from the
asymmetric neural degeneration that is at the base of the disease. Future studies should elucidate the long-term
temporal development of this hypersynchronization and its clinical relevance (e.g., can it ‘serve’ as prodromal
marker?).

1. Introduction

Debilitating gait disturbances are common among persons with
Parkinson's disease (PD), evidently resulting from complex interactions
at all levels of the central nervous system (for review, e.g. Ref. [1]). This
study is a first stage in a comprehensive project to delineate the relation
between various physiological processes and gait disturbances in PD.
The study focuses on bihemispheric cortical phase synchronization as
expressed in electroencephalography (EEG) signals. We hypothesize

that interhemispheric synchronization will be elevated in PD as com-
pared to healthy elderly controls (non-PD = NPD). We focus on
movements that involve bilateral brain activation (i.e., locomotion and
bimanual hand tapping).

1.1. Background and rationale

During walking, hierarchical supraspinal regions including cortical
(i.e., primary motor and prefrontal cortices and premotor/
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supplementary motor area) and subcortical structures (pontomedullary
reticular formation, mesencephalic and cerebellar locomotor regions
and the basal ganglia (BG)) send descending control signals to spinal
central pattern generators (CPGs) to modify the stereotyped locomotor
pattern [1,2].
The contribution of cortical areas to gait in PD have been the focus

of a handful of EEG studies (e.g. Refs. [3,4]) These primarily addressed
the enigmatic phenomenon of freezing of gait (FOG) (for review on FOG
see Ref. [1]). Although motion-induced EEG artifacts constitute a major
challenge, recent technological developments highlighted the feasi-
bility of EEG recording during walking [5]. EEG allows to measure
cortical activity changes with fine temporal resolution. EEG is also an
efficient method for monitoring synchronized cortical activity ex-
pressed in different frequency bands. Specifically, the beta band is
considered to represent the maintenance of an existing ('status quo’)
sensorimotor and cognitive state [6]. In contrast, cortical gamma ac-
tivity was shown to increase during voluntary movement [7].
Recent years’ findings from studies associating cortical activity with

the activity of the subthalamic nucleus (STN) draw the attention to the
presence of simultaneous hyper EEG activity, in particular of the motor
areas, associated with dopaminergic loss [8,9]. Ahn et al. revealed
higher levels of cortical phase synchronization (PS) for beta band os-
cillations in PD participants as compared with healthy controls [8].
Elevated PS in PD was particularly pronounced when EEG leads were
placed over different hemispheres, reflecting a prominent role for in-
terhemispheric PS (inter-PS). Nevertheless, the dynamics of inter-PS in
PD remains largely unknown, since interhemispheric communication
during gait, which involves bilateral brain activation, was hardly stu-
died [10].
The present study focuses on interhemispheric cortical dynamics in

PD using EEG PS [11]. The rationale behind our study hypothesis (see
above) is based on the following: (1) PD-related neural impairments
and symptomatology have asymmetric presentations [12] associated
with an asymmetrical depletion of dopamine (DA) in the substantia
nigra [13] and (2) previous observations form animal models e.g. Ref.
[14], demonstrated a longitudinal development of bicortical synchro-
nization following unilateral (i.e., asymmetric) subcortical damage.
Thus, we postulated that interhemispheric hypersynchronization will
evolve in PD, since there is also an asymmetric dopaminergic loss.

2. Methods

2.1. Participants

PD participants were recruited from the Movement Disorders
Institute at Sheba Medical Center.
Inclusion criteria for PD participants were age over 50 years, diag-

nosis of idiopathic PD [15], current levodopa treatment, ability to walk
unassisted for at least 100m during OFF state, and ability to understand
verbal instructions. Exclusion criteria were the presence of significant
comorbidities (i.e., previous brain surgery, any surgery within the
previous 6 months, peripheral neuropathy, spinal stenosis, stroke, am-
putation, or major depression - based on the neurologist report) or
major orthopedic problems. Inclusion criteria for NPD were age over 50
years and ability to walk independently. Exclusion criteria for NPD
were any neurological disease and the presence of any clinical condi-
tion that may affect gait.
The study was approved by the Sheba Medical Center Committee for

Human Experimentation. Following screening for eligibility, 25 parti-
cipants (17 PD, 8 NPD) agreed to participate and gave written informed
consent prior to study initiation. Two PD participants were unable to
complete the assessment protocol.

2.2. Recording equipment

To collect EEG signals: A portable EEG system (MicroMed®,

Mogliano-Veneto, Italy) consisting of a 32-channel montage was used to
record naturally-occurring electrical activity (Fig. 1). Sampling rate was
2048 Hz, and a notch filter of 50 Hz was applied. In addition, video
recordings synchronized with the EEG were made for all motor trials.
Post-hoc analysis of the video was used to annotate the EEG data in
reference to the performed activity.

2.3. Experimental procedure

All participants were assessed in the morning hours. PD participants
were examined while in the OFF medication state. Since the timing of
the experiment with reference to the last antiparkinsonian medications
intake might influence cortical activity, we aimed at starting our
measurements exactly 12 h after the last medication intake for each
patient. The experimenter (YSM) interviewed the participant about his/
her regular evening hour for consumption of medicines, and set the
time of the appointment accordingly, taking into account that pre-
parations and fixing the EEG electrodes and other equipment would last
about 1–1.5 h. One day prior to the experiment, the participant was
contacted by phone, and these details were confirmed. On the day of
the experiment, the last medication consumption hour (on the previous
evening) was recorded based on the report of the participant and/or
his/her care giver.
Upon arrival, the recording equipment was connected to the parti-

cipant. The motor trials consisted of gait-related tasks and upper limb
motor tasks. The rationale for including these two types of tasks was to
compare natural alternating movements of the lower limbs (i.e.,
walking) with alternating hand tapping. During the performance of
these tasks, the participant was often asked if s/he needed to rest and
was allowed to sit and rest as needed. After completing the motor trials,
the participants responded to questionnaires for cognitive and clinical

Fig. 1. EEG recording Montage. A 32 channel EEG montage (reference elec-
trode on C7 spinous process and ground electrode on the left mastoid process,
both does not appear). The EEG leads were attached to the skull using con-
ductive gel. The array was kept in place by a bandage. All cables were lumped
together and connected to a data logger box attached to the subject's hip. The
following combinations were considered as covering different brain lobes:
Frontal left (FP1, F3, F7, FC5, C3), Frontal right (FP2, F4, F8, FC6, C4), Parietal-
occipital left (CP5, PO9, P3, O1), Parietal-occipital right (CP6, PO10, P4, O2),
Temporal left (FT9, T3, TP9, T5), Temporal right (FT10, T4, TP10, T6).
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evaluation.

2.3.1. Gait-related tasks
The gait-related tasks were performed along a corridor 16m long

and two meter wide. The participant walked back and forth at a com-
fortable pace along 16m long and 2m wide corridor between two cones
placed 12m apart for five minutes.
Three gait-related tasks were defined:
(1) Standing still without moving while gazing forward for 1min.

This period served as a ‘baseline’ for both the gait trials and the upper
limb trials (see below); (2)Walking in a straight line; and (3) Turning.
Rationale for the choice of gait tasks: It has been shown that turns were
associated with increased frontal lobe activation in PD [16]. Thus as a
secondary hypothesis we propose that bihemispheric synchronization
will also be stronger in relation to this walking task, in particular in the
frontal lobe.

2.3.2. Upper limb bimanual movement tasks
After completing the gait trials and a short rest period, the partici-

pant stood in front of an elevated table and performed hand tapping
tasks with his/her palms. Prior to each task, the experimenter demon-
strated the task the participant was to perform and verified that the
participant understood the task. The following two tasks were per-
formed for at least one minute each: (1) Alternating tapping; (2)
Simultaneous tapping. Rationale for the choice of the bimanual tasks:
Since simultaneous hand tapping involves identical bilateral motor
activity, we hypothesized that interhemispheric synchronization will be
increased across cohorts, during the performance of this task, in parti-
cular in the frontal lobe.

2.4. Questionnaires for cognitive and clinical evaluation

The following questionnaires were administered:

(1) Demographic characteristics [age, gender, years of formal educa-
tion, height and weight; body-mass-index (BMI) was calculated].

(2) PD motor impairment was evaluated by the motor part (III) of the
Unified Parkinson's Disease Rating Scale (UPDRS) [17].

(3) Screening for cognitive impairment by the Montreal Cognitive
Assessment (MoCA). This brief questionnaire has been validated in
Hebrew [18] and is suitable for individuals with PD [19].

(4) Subjective measure of FOG symptom severity by the New FOG
Questionnaire (see more details in the Supplementary Material).

2.5. Data processing

2.5.1. EEG preprocessing
In preparation for preprocessing, EEG data were annotated ac-

cording to video viewing and parsed into relevant segments:

(1) Walking in a straight line – segments were included after re-
moving turns, stops and any FOG episodes (if present; from 10 s
before to 5 s after a freezing episode was excluded).

(2) Turns – segments containing the 180° turn around the cones (see
above) were included unless a FOG episode occurred during the
turn.

(3) Each of the upper limb tasks (i.e., alternating, simultaneous tap-
ping) was analyzed as a separate segment.

EEGLAB tools [20] were used to preprocess the data. Full account
on preprocessing is provided in the Supplementary Material.

2.5.2. Phase synchronization (PS)
The primary outcome measure was the PS coefficient. For full de-

scription see Supplementary Material. This coefficient was calculated
for the following spectral bands (i.e., after applying fast Fourier

transform, FFT, a filter, and an inverse FFT): theta (3.9–7.8 Hz), alpha
(7.8–15.6 Hz), beta (15.6–31.2 Hz) and gamma (31.2–62.4 Hz). The
calculated PS index ranges from 0 to 1, representing none to maximal
synchronization, respectively.
Inter-PS was calculated separately in each band for all right-left

electrode pairs (169 pairs) and separately for pairs over frontal (25
pairs), parieto-occipital (16 pairs) and temporal (16 pairs) lobes
(Fig. 1). Finally, these coefficients were averaged over the full duration
of the relevant segment (e.g., turning or walking). Then an average over
all similar segments (e.g., all turns) was calculated as a weighted mean
based on the duration of each segment.

2.6. Statistical analysis

Statistical analysis was performed using SPSS Statistical software
(IBM, Armonk, NY, USA). Significance level was set at α=0.05. Data
for inter-PS were log transformed, as they were not normally dis-
tributed for all bands, lobes and groups. Analysis of variance (ANOVA)
was used to evaluate differences in inter-PS (transformed) among the
two groups (between-groups factor, GROUP: NPD vs PD) and across the
three gait-related tasks (within-groups factor, TASK: standing vs.
Walking a straight line vs. turns). This ANOVA was run separately for
each band for all electrode pairs and for the electrode pairs covering
each lobe. To control for multiple comparisons, a Bonferroni correction
was applied to the obtained significance levels. Identical analyses were
performed with the upper limbs movement tasks (alternating tapping
vs. simultaneous tapping) as the within-groups TASK factor. Since sex
and MOCA scores were different between the PD and NPD (see results),
these were entered as covariates to the ANOVA models.

3. Results

3.1. Characteristics of study participants

Demographic, motor and clinical characteristics of the 23 partici-
pants are shown in Table 1. Participants with PD were not significantly
different from NPD participants regarding age, BMI and years of formal
education. PD participants had lower MoCA scores (22.4±4.0 versus
25.8±2.3, p=0.029), and there were proportionately more males in
the PD group (male/female: 12/3 versus 3/5, p=0.042).

3.2. PS during gait-related tasks

3.2.1. Whole brain inter-PS
Inter-PS was significantly higher in the PD group than in the NPD

group in all bands (theta: F(1,18)= 14.13, p=0.001; alpha: F
(1,18)= 16.65, p=0.001; beta: F(1,18)= 16.08, p=0.001; gamma: F
(1,18)= 13.23, p=0.002).
Fig. 2 (top) depicts the time dependence of PS values from a single

PD participant and a typical NPD participant during ∼4min of

Table 1
Participant characteristics in each group (mean± SD).

PD (n=15) NPD (n=8) p-valuea

Gender (male/female) 12/3 3/5 0.042
Age (years) 67.7± 8.0 63±8.5 0.099
BMI (kg/m2) 26.1± 4.1 25.1±3.1 0.401
Education (years) 13.4± 4.2 15.3±2.7 0.253
MoCA score 22.4± 4.0 25.8±2.3 0.029
Disease duration (years) 10.5± 4.7 n/a –
UPDRS motor score (“Off”) 17.8± 7.0 n/a –

SD: standard deviation; PD: Parkinson's disease; NPD: Non-PD healthy control;
BMI: body-mass index;MoCA: Montreal Cognitive Assessment; UPDRS: Unified
Parkinson's Disease Rating Scale.
a Mann-Whitney U test, with the exception of Chi-Square for gender.
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walking. It can be seen that fairly stable dynamics are maintained
throughout the task, with the PD participants showing higher whole-
brain inter-PS values.
There was no significant TASK effect on whole brain inter-PS in

either group (F(2,36)≤ 2.39; p≥0.137). Fig. 2 (bottom left) A depicts
the PS values for the gait-related tasks.

3.2.2. Inter-PS between homologous lobes
Inter-PS values were compared between the groups for the left-right

electrode pairs over frontal, parieto-occipital and temporal lobes (recall
Fig. 1). The upper part of Table 2 summarizes the statistical results for
left-right inter-PS for each lobe and band during gait-related tasks. A
significant GROUP effect, i.e., higher inter-PS values were evident in PD

vs. NPD participants for all lobes and bands (F(1,18)≥ 6.56;
p≤0.020). No significant TASK effect was found for any of the lobes
and bands. (F(2,36)≤ 3.83; p≥0.052). Descriptive statistics for each
condition are provided in Tables A-C of the Supplementary Material.

3.3. Inter-PS during bimanual upper limb motor tasks

3.3.1. Whole brain inter-PS
Fig. 2 (bottom right) summarizes the whole brain inter-PS results for

the GROUP and TASK effects for upper limb tasks. Inter-PS was sig-
nificantly higher in the PD group as compared with the NPD group in
the theta and gamma bands (F(1,18)= 7.49, p=0.014 and F
(1,18)= 4.80, p=0.042, respectively), but not for the alpha and beta

Fig. 2. Top- Representative inter-PS values during the course of ∼4min walking from one participant with PD (top four thick traces) and one NPD participant
(bottom four thin traces). It can be seen that across all EEG bands, inter-PS values are higher for the PD participant. Annotations of periods of spontaneous stops
(purple horizontal bars) and 180° turns at the edges of the corridor (black horizontal bars) are indicated above and below the inter-PS traces for the PD participant
and the NPD participant, respectively). Bottom: Group means for whole brain inter-PS values in lower limb (left) and upper limb (right) tasks for the various EEG
bands (see key; PD: filled circles; NPD: open circles). Error bars: SD. (For interpretation of the references to colour in this figure legend, the reader is referred to the
Web version of this article.)
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bands (F(1,18)= 3.63, p=0.073 and F(1,18)= 3.95, p=0.062, re-
spectively). There was no significant TASK effect (F(1,18) ≤2.87,
p≥0.107).

3.3.2. Inter-PS for homologous lobes
The lower part of Table 2 summarizes the results for each lobe and

band during upper limb tasks. The largest differentiation between the
groups (i.e., higher inter-PS in the PD group) was evident for the par-
ieto-occipital and temporal lobes. No significant TASK effect was found
for each of the lobes and bands (F(1,18) ≤3.58, p≥0.075). Descriptive
statistics for each condition are provided in Tables D-F of the
Supplementary Material.
Finally, we conducted an exploratory post-hoc analysis to examine

the association between FOG symptoms and cortical phase synchroni-
zation using the PS metric. Full account on this underpowered analyses
is provided in the Supplementary Material. Briefly, the analysis pro-
vides initial support on the fact that the FOG symptom is associated
with increased inter-PS in the frontal lobe, in particular during turning.

4. Discussion

Our analyses indicate that individuals with PD have increased in-
terhemispheric synchronization compared with healthy elderly adults.
These findings are consistent for all EEG bands in the gait related tasks,
and for the theta and gamma bands in the upper limb motor tasks.
However, we did not find evidence that turning, nor simultaneous hand
tapping are associated with increased interhemispheric PS in PD or in
healthy participants.

4.1. Evidence for interhemispheric hypersynchronization in PD

The present findings are consistent with those obtained in unilateral
6-hydroxydopamine (6-OHDA) rat models of PD [14], simulating do-
paminergic deficiency asymmetry [14]. These studies have shown that
interregional cerebral hypersynchronization developed in parallel with
functional deterioration (e.g., decrease in walking speed).
In persons with PD who were implanted with subthalamic nucleus

(STN) stimulating electrodes, movement related bilateral cortico-cor-
tical inter-PS was attenuated when the stimulators were ON as

compared to the OFF condition. This reduction in PS during STN sti-
mulation was correlated with an amelioration in symptoms’ severity as
measured by the UPDRS [21,22].
While our study, like the rat studies [14], shows evidence of inter-

hemispheric hypersynchronization, it is not possible to elucidate the
temporal order of hypersynchronization onset across different cerebral
regions. Invasive human studies recording cortical activity with EEG
simultaneously with STN local field potentials and neuronal units
provide a snapshot from one point in time that does not allow in-
ferences about longitudinal changes over time (e.g. Refs. [7,9,23]).
Ahn et al. [8] reported that the dynamics of STN synchronization in

the beta band are correlated with the dynamics of beta band synchro-
nization between motor and frontal cortices bilaterally. However, these
results were obtained during STN-DBS surgery in PD patients relatively
long after disease onset (i.e., 9.90± 4.07 years from diagnosis),
meaning that their observations reflect end results of neural processes
over extended durations.

4.2. Bihemispheric synchronization during bimanual movements

The increase in inter-PS in PD during bimanual movements is sup-
ported by fMRI studies, where unilateral hand movements reflect an
increased activity in several brain areas, including M1 ipsilateral to the
moving hand [24]. Further, it is of relevance to differentiate between
simultaneous and alternating motor tasks as they are presumably gen-
erated by simultaneous and alternating activations of motor areas.
Walking would be an example of a lower limb alternating task. Notably,
our findings did not reveal a difference between simultaneous or al-
ternating upper limb activations. In contrast, a previous fMRI study
comparing young and elderly adults performing anti-phase (alter-
nating) and in-phase (simultaneous) visually directed finger movements
revealed greater connectivity in the dominant hemisphere for the anti-
phase compared to the in-phase task in young adults only [25]. We
believe that the apparent inconsistency between these previous findings
and those of the present study may be related to differences in the used
motor tasks (visually driven versus not) and by uncertain equivalence of
fMRI ‘connectivity’ and EEG-based PS.

4.3. Neural synchronization in the EEG beta band

Beta band oscillations are typically observed within motor system-
related cortical and subcortical structures [26]. Further, it is well-es-
tablished that beta activity in the BG is elevated in patients with PD and
linked to the severity of their motor impairment [27]. Excessive beta
activity has been demonstrated in the striatum, STN, GPi, motor [28]
and frontal cortices [8] of PD patients, regardless of the side of pre-
dominant symptoms. In the present study, we demonstrated that during
locomotion, PD and NPD participants were indeed differentiated by the
frontal inter-PS, especially in the beta range (as well as in other bands,
see below). Clinically, bilateral coherence in the lower beta range in the
STN is significantly correlated with motor symptom severity in PD [27].
Various studies have examined the correlation between STN-based
signals and cortical EEG signals in the beta bands in PD participants
[8,9,29]. Furthermore, coherence of the beta band has been previously
observed between STN and the frontal lobe [29], in bilateral STN, and
between the STN and ipsilateral/contralateral motor cortex [9]. No-
tably, longer beta bursts were correlated with more advanced motor
impairment. Recently, rather explicit evidence has shown the link be-
tween the degree of power modulation within high beta frequency
bands in the STN and stepping abnormalities [30].
In keeping with the hypothesis concerning the role of the beta band-

related activity in preserving the motor and cognitive status quo, ab-
normal (i.e., hyper) synchronization results in diminished flexibility
[6], which is more prominent in PD + FOG.
Our study provides supportive evidence, albeit underpowered, that

increased inter-PS in the frontal lobe is associated with patients who

Table 2
Left-right inter-PS for homologous lobes.

Gait related tasks

Lobes Bands

Theta Alpha Beta Gamma

Frontal 7.29,
p= 0.015

6.56,
p= 0.020

10.39,
p= 0.005

7.87,
p= 0.012

Parieto-Occipital 8.68,
p= 0.009

13.24,
p= 0.002

11.45,
p= 0.003

9.16,
p= 0.007

Temporal 9.31,
p= 0.007

9.64,
p= 0.006

10.53,
p= 0.004

8.38,
p= 0.010

Upper-limb tasks
Lobes Bands

Theta Alpha Beta Gamma

Frontal 3.37,
p=0.083

2.21,
p=0.154

3.42,
p=0.081

4.18,
p=0.056

Parieto-Occipital 4.48,
p= 0.048

4.65,
p= 0.045

2.90,
p=0.106

2.95,
p=0.103

Temporal 12.84,
p= 0.002

4.76,
p= 0.043

3.53,
p=0.076

4.76,
p= 0.043

Each cell contains F (d.f.: 1,18)* and p values for the GROUP effect.
Significantly (p< 0.05; bold). *In the gait tasks there were missing data for one
PD participant during the turning task. In the upper limb tasks there was
missing data for one of the NPD participants.
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suffer from the FOG symptom (c.f., Supplementary Material). This
evidence is in line with the hypothesis concerning the role of beta band-
related activity in preserving the motor and cognitive status quo, ab-
normal (i.e., hyper) synchronization results in diminished flexibility
[6], i.e., characteristics which are consistent with the FOG symptom.

4.4. Neural synchronization in other EEG bands

The present study systematically explores interhemispheric phase
synchronization at the whole brain level as well as between homo-
logous lobes.
Unlike for the beta band, interregional cortical EEG synchronization

was sparsely described in the literature and hardly reported on even for
healthy participants. Interregional EEG phase locking between motor
areas (intra- and interhemispheric) was increased in the delta and theta
bands in elderly healthy adults as compared to young adults [31].
In PD, while preforming manual tasks, increased fronto-central

synchronization was observed in the theta and alpha bands [32]. Fur-
ther, in PD, interregional cortical EEG synchronization was reported in
the context of FOG. For example Handojoseno et al. [33], reported on
freezing-related higher spectral density in the theta, alpha and high
beta bands, as well as on effective connectivity between frontal-par-
ietal-occipital lobes in these EEG bands (see also our initial findings on
increased frontal lobe inter-PS among PD + FOG in the Supplementary
Material).
In the non-motor realm, in healthy individuals, eliciting emotions

(by video and/or audio stimuli) was found to increase intra-hemi-
spheric (more on the right side), interregional, and interhemispheric
frontal lobe synchronization in the alpha, beta and gamma bands [34].
Furthermore, interregional theta band synchronization was associated
with decision making, i.e., shortly before a subject chooses to select one
action over another [35].
Indeed, exploring phase synchronization of diverse EEG bands, is of

importance in view of their attributed roles of within the preparation/
evolution of a motor act. However, with the presently available het-
erogeneous and sparse evidence on interregional neural synchroniza-
tion, it would be highly speculative to propose a comprehensive view
on its characterization and function as reflected by EEG in different
bands (i.e., PS in the present study), in general and specifically in PD.
While increased interhemispheric beta PS in PD might be consequential
to increased subcortical beta activity, can the increased interhemi-
spheric PS, in other bands, be a subsequent outcome of the beta syn-
chronization?

4.5. Limitations, future directions and potential clinical implications

Source localization, as well as directionality and connectivity be-
tween different lobes/brain areas, were beyond the scope of this study.
Advanced analyses like these may further elucidate the related neural
processes. In addition, future studies should inspect the direct effect of
L-dopa on inter-PS by testing the participants both during the OFF and
ON periods.
If indeed inter-PS develops over time in response to asymmetric

subcortical neural damage, we suggest that inter-PS may prove a va-
luable biomarker reflecting disease progression in PD and may also
serve as an index of interventional efficacy. Therefore, future EEG
studies with data sampled over the course of the disease, beginning at
diagnosis or even at the prodromal stage, may be of benefit for eluci-
dating the evolution of interregional cortical hypersynchronization in
PD.
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