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Introduction

Electroencephalography (EEG) is a physiological test used to 
monitor the electrical activity of the brain. EEG offers advan-
tages such as accessibility, low cost, widespread use, and the po-

tential for repeated use without adverse health effects [1, 2]. This tech-
nique provides accurate temporal resolution of the brain activity in the 
millisecond time domain [3]. EEG is traditionally used in the evaluation 
of neurological conditions, but it has often been used to quantify the 
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ABSTRACT
Background: Quantitative Electroencephalography (qEEG) is a non-invasive method 
used to quantify electrical activity over the cortex. QEEG provides an accurate temporal 
resolution of the brain activity, making it a useful tool for assessing cortical function dur-
ing challenging tasks. 

Objective: This study aimed to investigate postural adjustments in older adults in 
response to an external perturbation.

Material and Methods: In this observational study, nineteen healthy older adults 
were involved. A 32-channel qEEG was employed to track alterations in beta power on 
the electrodes over the two sensory-motor areas. Integrated electromyographic activity 
(IntEMG) of the leg muscles was evaluated in response to perturbations under predictable 
and unpredictable conditions. 
Results: The results indicated higher beta power during late-phase in the Cz electrode 
in both conditions. IntEMG was significantly greater in the tibialis anterior muscle dur-
ing both conditions in the CPA epoch. In predictable condition, a positive correlation 
was found between the beta power over C4 (r = 0.560, p = 0.013) and C3 (r = 0.458, p = 
0.048) electrodes and tibialis anterior muscle amplitude, and between beta power in C4 
and gastrocnemius amplitude (r = 0.525, p = 0.021). In unpredictable condition, there was 
a positive correlation between beta power over the C4 and the tibialis anterior amplitude 
(r = 0.580, p = 0.009) and also it over the C3 and the tibialis anterior amplitude (r = 0.452, 
p = 0.049).  
Conclusion: Our findings demonstrate that sensorimotor processing occurs in the 
brain during response to perturbation. Furthermore, cortical activity appeared to be great-
est during the recruitment of the muscles upon late-phase in older adults.
Citation: Saadat Z, Pirouzi S, Nami M, Rojhani-Shirazi Z. Quantitative Electroencephalography and Surface Electromyography Correlations 
upon Predictable and Unpredictable Perturbation in Older Adults. J Biomed Phys Eng. 2022;12(3):257-266. doi: 10.31661/jbpe.v0i0.2004-1098.
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cortical response in relation to event-related 
changes and even more challenging tasks like 
postural control in response to perturbations.

Assessing the cortical contribution to pos-
tural control task is challenging due to diffi-
culties in quantifying the brain activity during 
this task. Quantitative EEG (qEEG), a new 
modality, is a widely available non-invasive 
method to evaluate the brain’s electrical ac-
tivity. The emergence of quantitative qEEG 
has enabled the researchers to extract a mul-
titude of variables that can be quantitatively 
measured. Those variables include power, fre-
quency, and coherence between two arbitrary 
electrodes [4].

Retaining postural balance necessitates the 
interaction and integration of motor and sen-
sory systems, including somatosensory, ves-
tibular and visual systems [5], as well as the 
higher cognitive cortical regions. In contrast to 
the traditional outlook, which defined the pos-
tural control as an automatic process regard-
less of attention, there is a consensus about the 
role of cognition in one’s balance performance 
[6-10].

In reality, humans are constantly confront-
ing unexpected obstacles and forces within the 
surrounding environment. Hence, the capabil-
ity to overcome these unpredictable situations 
and to preserve postural balance is significant 
[11]. To serve this purpose, the central nervous 
system applies two various strategies of antic-
ipatory postural adjustment (APA) and com-
pensatory postural adjustment (CPA). 

The APA initiates promptly before a postural 
perturbation, while the CPA is activated fol-
lowing a perturbation to restore the individu-
al’s balance. These mechanisms, however, are 
under the influence of perturbation’s charac-
teristics (e.g. magnitude and predictability) or 
the subject’s emotional and attentional states 
[11-14].

In the geriatric population, a postural adjust-
ment in response to external perturbations is 
assumed to be of notable importance due to 

the high risk of falling after slips and trips [11, 
14]. On the other hand, cerebral cortex is the 
key element in postural recovery when a pre-
dictable or unpredictable perturbation occurs 
[15, 16]. 

According to the literature, the APA occurs 
with a delay in the older adults following pos-
tural perturbations, [11], linked to higher mus-
cle co-activation and greater cortical activity, 
particularly in the primary motor (M1), pre-
motor, and prefrontal, supplementary motor 
areas as well as somatosensory cortices. These 
regions participate in APA as well as the plan-
ning and programming of motor tasks [17-19].

While most studies have investigated the 
feedback and feed-forward postural control 
from biomechanical and electromyographic 
perspectives, neuro-physiological assessments 
may render more in-depth evidence concern-
ing dysregulated APA among healthy older 
adults. Also, the correlation between EEG re-
corded on the sensorimotor cortex and electro-
myography (EMG) activity should be helpful 
in understanding the cortical control of move-
ment [20-22].

Hence, the aim of the present study was to 
examine and compare the effects of predict-
able perturbations versus unpredictable ones 
on activities of leg muscles and associate cor-
tical regions in older adults.

Material and Methods

Participants
In this observational study, a convenience 

sample of nineteen healthy elderly subjects 
(60-75 years old) took part in this observa-
tional study. They were recruited from a com-
munity center for older adults through adver-
tisement. They had independent standing and 
walking ability. Further inclusion criteria in-
cluded scores of ≥24 out of 30 in Mini-Mental 
State Examination (MMSE) [23], scores <7 
out of 15 in Geriatric Depression Scale (GDS) 
[24] and scores over 25 out of 40 in Fuller-
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ton Advanced Balance (FAB) scale to ensure a 
proper level of balance [25]. 

The exclusion criteria included any history 
of neuromuscular and musculoskeletal dis-
orders, untreated vision problems, vestibular 
dysfunction, auditory deficits, BMI≥ 30, de-
formities in the spine or lower extremities (e.g. 
kyphosis or scoliosis), and use of medications 
that could affect postural balance. Consent 
forms were signed by all participants prior to 
the commencement of the study and the local 
medical ethics committee approved the study 
protocol (code: IR.SUMS.REC.1396.26).

Procedure
All subjects were requested to stand barefoot 

with their feet placed shoulder-width apart. 
Predictable (PRED) and temporally unpredict-
able (UNPRED) postural perturbations were 
applied using a custom-made load (mass = 
3% of subject’s body weight), releasing cable 
system and attached to a belt worn at the ster-
num level. The participants were instructed to 
maintain their balance after the load release.

The PRED perturbations were tested by the 
eyes open, while in the UNPRED perturba-
tions, the subjects should put on sunglasses, 
painted in black, and wear earplugs [25]. Each 
condition was performed in blocks of 15 trials, 
with a 5- to 15-sec interval between trials and 
5-min rest was provided between two condi-
tions. Two or three practice trials were con-
ducted prior to data collection, thus the par-
ticipants could become familiar with the tests.

Quantitative electroencephalogra-
phy (QEEG) measures 

EEG signals were obtained using a 32-chan-
nel electrode cap (The NrSign Inc., Vancou-
ver, Canada) based on the international 10-20 
system. The impedance for all channels was 
maintained below 5 K-Ohm with all channels 
referenced to the FPz electrode. The EEG raw 
data were sampled at 500 Hz and band pass 
filter was set at 3-120 Hz.

Electromyography recordings
Using pre-gelled, self-adhering, Ag/Ag-Cl 

surface electrodes (Medico Electrodes In-
ternational Ltd., India), surface EMG sig-
nals were obtained from right gastrocnemius 
(GAS) (one-third of the line between the head 
of the fibula to the heel), and right tibialis an-
terior (TA) (one-third of the line between the 
head of the fibula to and the tip of the medial 
malleolus) muscles. Prior to the placement of 
electrodes, the skin was shaved and cleaned. 
Disposable electrodes with a center-to-center 
distance of 2 cm were attached to the target 
muscles on the basis of the Surface Electro-
myography for the Non-Invasive Assessment 
of Muscle (SENIAM) standards for EMG 
data recording [13]. The EMG signals were 
sampled at 1000 Hz, amplified (2000×) and 
filtered online (10-300 Hz).

Data processing
The qEEG 
The analysis of the qEEG data was per-

formed using NeuroGuide Software (NG 
2.5.5; Applied Neuroscience, St Petersburg, 
FL, USA). The recorded signals were visually 
inspected to eliminate signal disturbed by eye 
movement or other artifacts. Depression of the 
foot pedal by the examiner placed a trigger 
pulse on EEG signals, thus the exact moment 
of load release (T0 = 0) was marked. This value 
was designated as the reference point and all 
EEG and EMG signals were measured based 
on the T0. Data were analyzed in three-time 
windows, including 1-from −600 ms to -300 
ms (anticipatory activity, APA1 Anticipatory 
Postural Adjustment); 2-from −300 ms to 0 
ms (anticipatory activity, APA2) and, 3- from 0 
ms to +300 ms (early compensatory reactions, 
CPA1 (Compensatory Postural Adjustment)). 

Each set of acquired EEG signals was aver-
aged and the mean absolute power was calcu-
lated for beta (12.5- 25 Hz) frequency bands. 
Statistical power analysis was performed for 
three main regions, including C3, C4, and CZ. 
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All qEEG processing was performed using 
NeuroGuide Software [3, 26].
EMG
An off-line MATLAB R2015b program 

(Math Works, Natick, MA) was used for data 
processing. Prior to analysis, EMG signals 
were full-wave rectified. Integrals of the EMG 
activities (IntEMG) were computed for three 
different epochs for each muscle with a 300 
ms time interval. Finally, IntEMGi was nor-
malized based on the maximal muscle activity 
in both conditions for each muscle, (Equation 
1).

NORM
IntEMGiIEMG

IEMGmax
=             (1)

As a result, all IEMGNORM were between 
+1 to −1, with the positive and negative values 
indicating muscle activation and muscle inhi-
bition, respectively.

Characteristics of the participants, trial pro-
cedures, and qEEG data collection and pro-
cessing are described in our previous study 
[27].

Statistical analysis 
Statistical analysis was performed using 

SPSS 22 (IBM, Armonk, NY, USA) and a sig-
nificance level of p<0.05 was used for analy-
sis. Data normality was assessed by the Kol-
mogorov–Smirnov test (p>0.05).

At beta frequency range, the absolute power 
was comparatively analyzed by 2-way ANO-
VA with location (C3, CZ, and C4) and epochs 
(APA1, APA2, and CPA1) as factors both in 
predictable and unpredictable perturbations. 
Post-hoc comparisons were done where need-
ed.

Repeated measurement ANOVA test was 
used for the analysis of IntEMG in three-time 
windows. In addition, the Pearson product-
moment correlation coefficient was calculated 
to evaluate the relationship between the abso-
lute power of beta and IntEMG of leg muscles.

Results

Participants
Nineteen older subjects participated in this 

study. The demographic data and baseline 
values of the participants are summarized in 
Table 1.

Absolute beta power
The results of absolute power beta are shown 

in Table 2. During both predictable and unpre-
dictable perturbations, time × location interac-

Variable Mean±SD
Age (years) 65.55 ± 4.67 
Weight (kg) 57.96 ± 7.15 
Height (cm) 163.00 ± 4.86 

MMSE (0–30 ) 27.79 ± 1.81 
GDS (0–15) 1.84 ± 1.53 
FAB (0–40) 35.58 ± 2.75 

SD: Standard deviation, MMSE: Mini-Mental State Examina-
tion, GDS: Geriatric Depression Scale, FAB: Fullerton Ad-
vanced Balance scale.

Table 1: Demographic characteristics of the 
participants

Power
F Ratio *P-value

PRED
Time 33.31 <0.001

Location 33.69 <0.001
Location × Time 22.69 <0.001

UNPRED
Time 42.23 <0.001

Location 21.66 <0.001
Location × Time 23.06 <0.001

*Asterisks show statistically significant values. 

PRED: Predictable, UNPRED: Unpredictable

Table 2: Results of 2-way ANOVA of absolute 
power for time, location and their interac-
tions during predictable (PRED) and unpre-
dictable (UNPRED) perturbations
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tion was significant. Post-hoc analysis showed 
that power was significantly different between 
APA1−CPA1 and APA2−CPA1 phases in the CZ 
region compared to the C3 and C4 regions. In 
other words, beta power was higher in the late 
phase in both conditions in CZ (Figure 1).

Integrals of EMG activity
The results of the IntEMG of the muscles are 

shown in Figures 2 and 3. In both conditions, 
the tibialis anterior muscle activity increased 
in the CPA epoch compared to APA1 and APA2.

Correlation between EEG activity 
and EMG from leg muscles

The results of the correlation between EEG 
and EMG activity in PRED and UNPRED 
perturbation are shown in Tables 3 and 4.

In PRED condition, there was a significant 
positive correlation between the beta power in 
CPA1 at the C4 (r = 0.560, p = 0.013) and C3 
(r = 0.458, p = 0.048) electrodes and IntEMG 
for the tibialis anterior muscle in CPA1. Also, 
there was a significant correlation between the 

Figure 2: Mean IntEMG of tibialis anterior (TA) and gastrocnemius (GAS) muscles in predictable 
perturbation

Figure 1: Interaction effect of time and elec-
trodes location with standard error bars for 
power beta in predictable and unpredictable 
perturbations
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beta power in APA1 at the C4 electrode and In-
tEMG for the gastrocnemius muscle in CPA1 
(r = 0.525, p = 0.021).

In UNPRED condition, there was a sig-

nificant positive correlation between the beta 
power in CPA1 at the C4 electrode and Inte-
grated EMG (IntEMG) for the tibialis anterior 
muscle in CPA1 (r = 0.580, p = 0.009) and beta 

Figure 3: Mean IntEMG of the tibialis anterior (TA) and gastrocnemius (GAS) muscles in unpre-
dictable perturbation

Variable
APA1 TA APA2 TA CPA1 TA APA1 GAS APA2 GAS CPA1 GAS
r P r P r P r P r P r P

C3

APA1 0.044 0.858 -0.060 0.807 0.050 0.840 0.180 0.460 -0.096 0.696 0.198 0.416
APA2 0.149 0.543 0.030 0.904 -0.061 0.803 0.154 0.529 -0.071 0.773 0.214 0.379
CPA1 0.260 0.283 0.280 0.246 0.458 0.048 0.000 0.999 -0.200 0.412 -0.134 0.583

C4 
APA1 0.068 0.783 0.026 0.916 0.420 0.074 -0.251 0.301 -0.101 0.682 0.525 0.021
APA2 0.109 0.658 0.020 0.936 -0.003 0.990 -0.186 0.445 -0.058 0.813 0.221 0.363
CPA1 0.304 0.205 0.350 0.142 0.560 0.013 0.095 0.699 -0.070 0.776 0.138 0.574

CZ

APA1 -0.231 0.342 -0.259 0.285 0.040 0.872 -0.029 0.905 -0.045 0.856 0.133 0.586
APA2 -0.163 0.506 -0.204 0.402 -0.033 0.892 -0.102 0.677 -0.056 0.819 0.210 0.387
CPA1 0.017 0.943 0.044 0.858 0.356 0.135 -0.263 0.277 -0.347 0.146 0.068 0.781

APA: Anticipatory postural adjustment, TA: Tibialis anterior, CPA: Compensatory postural adjustment, GAS: Gastrocnemius

Table 3: Correlation between Electroencephalography (EEG) and electromyography (EMG) ac-
tivity in predictable (PRED) perturbation
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power in CPA1 at the C3 electrode and IntEMG 
for the tibialis anterior muscle in APA1 (r = 
0.452, p = 0.049).

Discussion
This study primarily aimed to define beta 

power dynamics in response to PRED and 
UNPRED perturbation in older adults on elec-
trodes overlaying the leg representation areas 
of the sensorimotor cortices (C3, CZ, and C4).

Our findings demonstrated an enhanced 
spectral distribution of beta power both in 
PRED and UNPRED perturbation in the CZ 
electrode following the perturbation onset. 
These results are consistent with those of pre-
vious studies that reported the highest magni-
tude of cortical activity in the CZ electrode in 
response to external perturbation in young and 
older adults [28-30]. Previous studies have in-
dicated cortical activity in late phases of pos-
tural responses to external perturbations, while 
the initial phase could not have been triggered 
by a direct transcortical loop [28, 31].

Indeed, the cerebral cortical dynamics corre-
spond to postural balance either directly by cor-

ticospinal loops, or indirectly through specific 
centers in the brainstem controlling the postur-
al balance-associated synergies. Following an 
unexpected perturbation, the cerebral cortex 
may be activated to find the optimum postural 
response or it may use previous experiences to 
select and apply the most appropriate response 
for the current incidence [32]. Meanwhile, the 
individuals’ postural performance and ability 
are the main determinants of the strategy se-
lected by the cerebral cortex. For example, a 
person suffering from balance disorders may 
rely on cortical loops during the late phases 
of postural responses to external perturbations 
because they may not be able to use the central 
set to find the optimum response suitable for 
the situation promptly [30].

According to our observations, the tibialis 
anterior muscle activity increased in the CPA 
epoch compared to APA1 and APA2 during 
both conditions. Our results are in line with 
the findings of Kanekar et al., reporting that 
compensatory muscle activity compared to 
anticipatory one was more in older adults. 
According to these results, higher compensa-

Variable
APA1 TA APA2 TA CPA1 TA APA1 GAS APA2 GAS CPA1 GAS
r P r P r P r P r P r P

C3

APA1 -0.276 0.252 -0.230 0.343 -0.161 0.510 -0.043 0.862 -0.161 0.511 0.273 0.329
APA2 -0.273 0.257 -0.277 0.250 -0.425 0.070 0.133 0.586 -0.046 0.852 0.041 0.869
CPA1 0.456 0.049 0.421 0.073 0.425 0.070 0.386 0.102 0.182 0.457 0.125 0.610

C4 
APA1 -0.099 0.688 -0.060 0.806 -0.161 0.510 0.089 0.717 -0.020 0.936 0.175 0.473
APA2 -0.163 0.505 -0.147 0.548 -0.098 0.689 0.197 0.418 0.001 0.998 0.093 0.704
CPA1 0.422 0.072 0.419 0.074 0.580 0.009 0.297 0.217 0.175 0.474 0.267 0.269

CZ

APA1 -0.287 0.233 -0.255 0.293 -0.364 0.125 -0.090 0.714 -0.114 0.642 0.052 0.832
APA2 -0.275 0.254 -0.314 0.191 -0.125 0.610 -0.322 0.178 -0.400 0.089 -0.178 0.465
CPA1 0.324 0.176 0.311 0.195 0.384 0.105 0.338 0.157 0.306 0.203 0.265 0.273

APA: Anticipatory postural adjustment, TA: Tibialis anterior, CPA: Compensatory postural adjustment, GAS: Gastrocnemius

Table 4: Correlation between Electroencephalography (EEG) and electromyography (EMG) ac-
tivity in predictable (PRED) 
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tory muscle activation in the elderly follow-
ing large perturbations may be due to insuffi-
cient muscular activity during the anticipatory 
phase of preparation for perturbations. This 
may result in loss of balance, if not well-com-
pensated [11].

Additionally, the results of correlative anal-
ysis suggest the correlation between EEG 
recorded from the C3 and C4 electrodes and 
EMG recorded from gastrocnemius and tibi-
alis anterior muscles in both PRED and UN-
PRED conditions. Mochizuki et al. showed 
that the activity prior to the perturbations may 
not be related to the cortical activity follow-
ing perturbation, while it can be attributed to 
altered central set just before the onset of a 
perturbation [28].

Previous studies have noted that the changes 
in beta power over premotor and motor areas 
correspond to fast and immediate movements. 
Meziane et al. stated that these changes were 
symmetrical over the two hemispheres [26]. 
This symmetricity might result from the com-
plexity of the movements since the complexity 
of a task increases the probability of symmet-
rical bilateral activation [33]. Moreover, older 
individuals require higher activation of the 
cortex to achieve a certain performance level 
in comparison with their younger peers, which 
might be another underlying mechanism of the 
symmetrical activation pattern.

Sainburg et al. revealed that the left senso-
rimotor area may regulate the predictive and 
feed-forward mechanisms, while the right sen-
sorimotor may be responsible for the online 
and feedback processes [26]. Consequently, 
both left (dominant) and right (non-dominant) 
sensorimotor areas may act in concert by re-
ciprocal control to generate prompt and effi-
cient movements.

Conclusion
The present research could demonstrate at 

least one key pattern in sensorimotor process-
ing which occurs in the brain in response to 

an external perturbation. Cortical activity over 
our regions of interest appeared to be greatest 
during recruitment of the muscles upon late 
phase postural adjustment response in older 
adults. Further investigations on the correla-
tion between cortical as well as subcortical 
regions and muscle activity may extend our 
insight into the central mechanisms, involved 
in external perturbation tasks.

Acknowledgment
This article was extracted from the PhD thesis 

written by Zahra Saadat (95-01-06-13248), sup-
ported by the Shiraz University of Medical Scienc-
es. We thank Dr. Nasrin Shokrpour (at Research 
Consultation Center of Shiraz University of Medi-
cal Sciences) for editorial assistance.

Authors’ Contribution
S. Pirouzi, Z. Saadat and Z. Rojhani-Shirazi con-

ceived the idea. Introduction and manuscript of the 
paper was written by Z. Saadat, Z. Rojhani-Shirazi 
and M. Nami. Z. Saadat gathers the data and the 
related literature. Results and Analysis was carried 
out by Z. Saadat, Z. Rojhani-Shirazi and M. Nami. 
The research work was proofed and supervised by 
Z. Rojhani-Shirazi and S. Pirouzi. All the authors 
read, modified, and approved the final version of 
the manuscript.

Ethical Approval
The local medical ethics committee approved the 

study protocol (code: IR.SUMS.REC.1396.26).

Informed consent
Consent forms were signed by all participants 

prior to the commencement of the study.

Funding
This study was funded by Shiraz University of 

Medical Sciences.

Conflict of Interest
None

References
  1.	Cannon RL, Baldwin DR, Shaw TL, et al. Reli-

ability of quantitative EEG (qEEG) measures and 

264



J Biomed Phys Eng 2022; 12(3)

LORETA current source density at 30 days. Neu-
rosci Lett. 2012;518(1):27-31. doi: 10.1016/j.neu-
let.2012.04.035. PubMed PMID: 22575610.

  2.	Koberda JL, Moses A, Koberda P, Koberda 
L. Clinical advantages of quantitative electro-
encephalogram (QEEG)-electrical neuroimag-
ing application in general neurology practice. 
Clin EEG Neurosci. 2013;44(4):273-85. doi: 
10.1177/1550059412475291. PubMed PMID: 
23536380.

  3.	Jain S, Gourab K, Schindler-Ivens S, Schmit 
BD. EEG during pedaling: evidence for corti-
cal control of locomotor tasks. Clin Neuro-
physiol. 2013;124(2):379-90. doi: 10.1016/j.
clinph.2012.08.021. PubMed PMID: 23036179. 
PubMed PMCID: PMC3912946.

  4.	Yeum TS, Kang UG. Reduction in Alpha Peak Fre-
quency and Coherence on Quantitative Electroen-
cephalography in Patients with Schizophrenia. J 
Korean Med Sci. 2018;33(26):e179. doi: 10.3346/
jkms.2018.33.e179. Pubmed PMID: 29930490. 
PubMed PMCID: PMC6010743.

  5.	Rojhani-Shirazi Z, Amirian S, Meftahi N. Ef-
fects of Ankle Kinesio Taping on Postural Con-
trol in Stroke Patients. J Stroke Cerebrovasc Dis. 
2015;24(11):2565-71. doi: 10.1016/j.jstrokecere-
brovasdis.2015.07.008. PubMed PMID: 26321149.

  6.	Motealleh A, Sinaei E, Nouraddinifard E, Rezaei I. 
Comparison of postural control in older adults un-
der different dual-task conditions: A cross-section-
al study. J Bodyw Mov Ther. 2021;26:443-7. doi: 
10.1016/j.jbmt.2020.12.020.

  7.	Melzer I, Benjuya N, Kaplanski J. Age-related 
changes of postural control: effect of cogni-
tive tasks. Gerontology. 2001;47(4):189-94. doi: 
10.1159/000052797. PubMed PMID: 11408723.

  8.	Huxhold O, Li SC, Schmiedek F, Lindenberger U. 
Dual-tasking postural control: aging and the effects 
of cognitive demand in conjunction with focus of 
attention. Brain Res Bull. 2006;69(3):294-305. 
doi: 10.1016/j.brainresbull.2006.01.002. PubMed 
PMID: 16564425.

  9.	Sinaei E, Kamali F, Nematollahi A, Etminan Z. 
Comparing the effects of balance training with 
and without cognitive tasks on the quality of life 
and balance performance in community-dwelling 
older adults: a single-blind randomized clini-
cal trial. JRSR. 2016;3(4):91-6. doi: 10.30476/
JRSR.2016.41106.

  10.	Hemmati L, Rojhani-Shirazi Z, Malek-Hoseini H, 
Mobaraki I. Evaluation of Static and Dynamic Bal-
ance Tests in Single and Dual Task Conditions 
in Participants With Nonspecific Chronic Low 

Back Pain. J Chiropr Med. 2017;16(3):189-94. 
doi: 10.1016/j.jcm.2017.06.001. PubMed PMID: 
29097947. PubMed PMCID: PMC5659812.

  11.	Kanekar N, Aruin AS. The effect of aging on 
anticipatory postural control. Exp Brain Res. 
2014;232(4):1127-36. doi: 10.1007/s00221-014-
3822-3. PubMed PMID: 24449006. PubMed PM-
CID: PMC3954907.

  12.	Claudino R, Dos Santos EC, Santos MJ. Compen-
satory but not anticipatory adjustments are altered 
in older adults during lateral postural perturba-
tions. Clin Neurophysiol. 2013;124(8):1628-37. 
doi: 10.1016/j.clinph.2013.02.111. PubMed PMID: 
23601702.

  13.	Hemmati L, Piroozi S, Rojhani-Shirazi Z. Effect of 
dual tasking on anticipatory and compensatory 
postural adjustments in response to external per-
turbations in individuals with nonspecific chronic 
low back pain: Electromyographic analysis. J Back 
Musculoskelet Rehabil. 2018;31(3):489-97. doi: 
10.3233/BMR-170992. PubMed PMID: 29332033.

  14.	Sobhani S, Sinaei E, Motealleh A, Hooshyar F, 
Kashkooli NS, Yoosefinejad AK. Combined effects 
of whole body vibration and unstable shoes on bal-
ance measures in older adults: A randomized clini-
cal trial. Arch Gerontol Geriatr. 2018;78:30-37. doi: 
10.1016/j.archger.2018.05.016. PMID: PubMed 
29883807.

  15.	Bolton DA. The role of the cerebral cortex in pos-
tural responses to externally induced perturba-
tions. Neurosci Biobehav Rev. 2015;57:142-55. 
doi: 10.1016/j.neubiorev.2015.08.014. PubMed 
PMID: 26321589.

  16.	Quant S, Adkin AL, Staines WR, McIlroy WE. Corti-
cal activation following a balance disturbance. Exp 
Brain Res. 2004;155(3):393-400. doi: 10.1007/
s00221-003-1744-6. PubMed PMID: 14968271.

  17.	Khanmohammadi R, Talebian S, Hadian MR, Oly-
aei G, Bagheri H. Preparatory postural adjustments 
during gait initiation in healthy younger and older 
adults: Neurophysiological and biomechanical as-
pects. Brain Res. 2015;1629:240-9. doi: 10.1016/j.
brainres.2015.09.039. PubMed PMID: 26453832.

  18.	Massion J. Movement, posture and equilib-
rium: interaction and coordination. Prog Neu-
robiol. 1992;38(1):35-56. doi: 10.1016/0301-
0082(92)90034-c. PubMed PMID: 1736324.

  19.	Fujiwara K, Maekawa M, Kiyota N, Yaguchi C. 
Adaptation changes in dynamic postural control 
and contingent negative variation during back-
ward disturbance by transient floor translation in 
the elderly. J Physiol Anthropol. 2012;31(1):12. 
doi: 10.1186/1880-6805-31-12. PubMed PMID: 

EEG and EMG Correlations in Older Adults

265



J Biomed Phys Eng 2022; 12(3)

22738371. PubMed PMCID: PMC3517485.

  20.	McClelland VM, Cvetkovic Z, Mills KR. Rectification 
of the EMG is an unnecessary and inappropriate 
step in the calculation of Corticomuscular coher-
ence. J Neurosci Methods. 2012;205(1):190-201. 
doi: 10.1016/j.jneumeth.2011.11.001. PubMed 
PMID: 22120690.

  21.	Gao Y, Ren L, Li R, Zhang Y. Electroencephalogram-
Electromyography Coupling Analysis in Stroke 
Based on Symbolic Transfer Entropy. Front Neu-
rol. 2018;8:716. doi: 10.3389/fneur.2017.00716. 
PubMed PMID: 29354091. PubMed PMCID: 
PMC5758532.

  22.	Shibasaki H, Rothwell JC. EMG-EEG correlation. 
The International Federation of Clinical Neurophys-
iology. Electroencephalogr Clin Neurophysiol Sup-
pl. 1999;52:269-74. PubMed PMID: 10590996.

  23.	Laessoe U, Voigt M. Anticipatory postural control 
strategies related to predictive perturbations. Gait 
Posture. 2008;28(1):62-8. doi: 10.1016/j.gait-
post.2007.10.001. PubMed PMID: 18023353.

  24.	Yesavage JA, Brink TL, Rose TL, Lum O, Huang V, 
Adey M, Leirer VO. Development and validation of 
a geriatric depression screening scale: a prelimi-
nary report. J Psychiatr Res. 1982-1983;17(1):37-
49. doi: 10.1016/0022-3956(82)90033-4. PubMed 
PMID: 7183759.

  25.	Rose DJ, Lucchese N, Wiersma LD. Development 
of a multidimensional balance scale for use with 
functionally independent older adults. Arch Phys 
Med Rehabil. 2006;87(11):1478-85. doi: 10.1016/j.
apmr.2006.07.263. PubMed PMID: 17084123.

  26.	Meziane HB, Moisello C, Perfetti B, Kvint S, Isa-
ias IU, Quartarone A, et al. Movement prepa-
ration and bilateral modulation of beta activ-
ity in aging and Parkinson’s disease. PLoS One. 
2015;10(1):e0114817. doi: 10.1371/journal.
pone.0114817. PubMedPMID: 25635777. PubMed 
PMCID: PMC4312096.

  27.	Saadat Z, Sinaei E, Piroozi S, Ghofrani M, Nami M. 

Cortical Activity During Postural Recovery in Re-
sponse to Predictable and Unpredictable Perturba-
tions in Healthy Young and Older Adults: A Quanti-
tative EEG Assessment. Basic Clin Neurosci. 2021.

  28.	Mochizuki G, Sibley KM, Esposito JG, Camil-
leri JM, McIlroy WE. Cortical responses associ-
ated with the preparation and reaction to full-body 
perturbations to upright stability. Clin Neuro-
physiol. 2008;119(7):1626-37. doi: 10.1016/j.
clinph.2008.03.020. PubMed PMID: 18479966.

  29.	Smith BA, Jacobs JV, Horak FB. Effects of mag-
nitude and magnitude predictability of postural 
perturbations on preparatory cortical activity in 
older adults with and without Parkinson’s disease. 
Exp Brain Res. 2012;222(4):455-70. doi: 10.1007/
s00221-012-3232-3. PubMed PMID: 22936099. 
PubMed PMCID: PMC3472959.

  30.	Jacobs JV, Horak FB. Cortical control of pos-
tural responses. J Neural Transm (Vienna). 
2007;114(10):1339-48. doi: 10.1007/s00702-007-
0657-0. PubMed PMID: 17393068. PubMed PM-
CID: PMC4382099.

  31.	Solis-Escalante T, Van Der Cruijsen J, De Kam D, 
van Kordelaar J, Weerdesteyn V, Schouten AC. 
Cortical dynamics during preparation and execu-
tion of reactive balance responses with distinct 
postural demands. Neuroimage. 2019;188:557-71. 
doi: 10.1016/j.neuroimage.2018.12.045. PubMed 
PMID: 30590120.

  32.	Jacobs JV. Why we need to better understand 
the cortical neurophysiology of impaired pos-
tural responses with age, disease, or injury. 
Front Integr Neurosci. 2014;8:69. doi: 10.3389/
fnint.2014.00069. PubMed PMID: 25221483. 
PubMed PMCID: PMC4148624.

  33.	Kilavik BE, Zaepffel M, Brovelli A, MacKay WA, 
Riehle A. The ups and downs of β oscillations in 
sensorimotor cortex. Exp Neurol. 2013;245:15-26. 
doi: 10.1016/j.expneurol.2012.09.014. PubMed 
PMID: 23022918.

Zahra Saadat, et al

266


