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Abstract
Objective This study assessed the feasibility of corticomuscular coherence measurement during a goal-directed task in children
with unilateral cerebral palsy while establishing optimal experimental parameters. Methods Participants (Manual Ability
Classification System levels I-III) completed a submaximal isometric goal-directed grip task during simultaneous electroenceph-
alography and electromyography (EMG) acquisition. Results All participants (n= 11, 6 females, mean age 11.3±2.4 years) com-
pleted corticomuscular coherence procedures. Of the 40 trials obtained per extremity, an average of 29 (n= 9) and 27 (n= 10)
trials were retained from the more- and less-affected extremities, respectively. Obtaining measurement stability required an
average of 28 trials per extremity. Conclusion Findings from this work support the feasibility of corticomuscular coherence
measurement in children with unilateral cerebral palsy. Acquiring 28 to 40 corticomuscular coherence trials per extremity is
ideal. The experimental parameters established in this work will inform future corticomuscular coherence application in pediatric
unilateral cerebral palsy.
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Cerebral palsy is a leading cause of disability in children, with
approximately 35% children experiencing motor impairment
lateralized to one side of the body (unilateral cerebral palsy).1

Despite this predominant clinical feature, there exists consider-
able interindividual heterogeneity in motor system function
driven by the timing and etiology of neural injury and subse-
quent neural organization during development.2 Such heteroge-
neity poses significant challenges when predicting functional
outcomes and optimizing rehabilitation efforts.

By encapsulating relevant pathophysiology, brain-based
measurements derived from neuroimaging, such as magnetic
resonance imaging (MRI) and diffusion tensor imaging, and
also transcranial magnetic stimulation (TMS) have the potential
to address this heterogeneity. Research efforts have primarily
focused on corticospinal tract organization and injury as a bio-
marker of upper extremity motor function and as a predictor of
therapeutic responsiveness.3 Many have shown significant cor-
relations between hand motor deficits and diminished cortico-
spinal tract integrity4,5 and also with ipsilateral corticospinal
tract organization,6 whereby corticospinal tract fibers projecting
from the uninjured hemisphere control the more-affected hand.
These associations are likely mediated by the timing7 and

extent8 of injury. Relatedly, functional MRI work has demon-
strated increased recruitment of sensorimotor cortical regions
located on the uninjured hemisphere during voluntary move-
ment of the more-affected hand.8,9 These structural and func-
tional patterns in pediatric stroke and cerebral palsy were
initially considered as maladaptive compensatory mechanisms
resulting from diminished input from contralateral corticospinal
tract projections on more-affected hand function.10 Reinforcing
this notion is additional work demonstrating greater therapeutic
responsiveness in children depicting contralateral corticospinal
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tract organization11 along with findings conveying different
training-related neuroplasticity effects between children with
ipsi- vs contralateral corticospinal tract organization.12

However, emerging TMS research presents a contradictory
role of ipsilateral corticospinal tract organization and its influ-
ence (or lack thereof) on therapeutic response. Several have
concluded that the efficacy of constraint-induced movement
therapy13,14 and bimanual training13,15,16 in pediatric cerebral
palsy was independent of corticospinal tract organization.
Complementing these findings is work showing greater hand
function with larger overlap between more- and less-affected
hand representations in the uninjured hemisphere.17

Combined, this research suggests a supportive role of ipsilateral
corticospinal tract organization in promoting hand function and
treatment gains in cerebral palsy. The lack of consensus regard-
ing the adaptive/maladaptive role of ipsilateral corticospinal
tract projections and subsequent organization welcomes addi-
tional brain-based measures and tools to further characterize
motor system function in cerebral palsy.

There exists a growing body of literature in cerebral palsy
underscoring the informativeness of functional connectivity
measurements between underlying neural circuits and net-
works. Several have shown reduced sensorimotor network con-
nectivity in children with cerebral palsy compared to typically
developing peers that related to worse upper extremity motor
function.18,19 Corticomuscular coherence, a measure of connec-
tivity between central and peripheral nervous systems (i.e.,
communication between corticospinal projections and motor
units),20 is another potentially informative measurement
acquired from the simultaneous acquisition of brain and
muscle signals typically with magnetoencephalography or elec-
troencephalography (EEG) and electromyography (EMG).
Seminal corticomuscular coherence work21 has shown coher-
ence between brain and muscle signals occurring most predom-
inantly in the beta frequency range (typically 13-30 Hz), which
aligns with past evidence suggesting that cortical oscillations
generated from underlying pyramidal cells subserve motor
behavior.22,23 By assessing the coherence between brain and
muscle activity during functional movement, corticomuscular
coherence may enrich our understanding of mechanisms of
motor system impairment.

Of the few studies implementing corticomuscular coherence
in a pediatric population, most involve infants born at term24,25

and children with typical development.26 Collectively, this
work revealed developmental increases in corticomuscular
coherence between primary motor cortex (M1) and upper and
lower extremity muscles in the beta frequency range during
infancy that paralleled the development of normal fidgety and
spontaneous movements24,25 and also during late childhood,
with corticomuscular coherence values reaching adult-like
levels by 10 years of age.26 In another study examining cortico-
muscular coherence during a unimanual force-tracing task
across 111 individuals between the ages of 8 and 30 years,
investigators observed greater coherence in adults compared
to children and that these differences were driven by descending
(brain to muscle) vs ascending coherence, which reflects both

maturation of corticomuscular networks and feedforward
control during movement generation.27 Despite these studies
highlighting the capability of corticomuscular coherence in cap-
turing motor-relevant neurophysiological information across
the lifespan, only a few studies have used corticomuscular
coherence in individuals with cerebral palsy, particularly in
children with cerebral palsy where the generation of voluntary
muscle contractions along with motor processing and planning
are often compromised.28 Initial findings of reduced cortico-
muscular coherence between M1 and effector muscles during
the planning and execution phases of a paced hand opening
and closing task have been observed in a cohort of individuals
with cerebral palsy (12-54 years of age) compared with con-
trols.29 In a related case study involving a 4-year-old partici-
pant with a perinatal left middle cerebral artery stroke,
researchers observed enhanced corticomuscular coherence
between contralesional (ipsilateral) M1 and the more-affected
first dorsal interossei muscle during contraction.30 Although
these findings provide initial evidence supporting the utility
of corticomuscular coherence in cerebral palsy and perinatal
stroke, this work motivates additional study. Building on
these findings may entail implementing more goal-directed
tasks during corticomuscular coherence collection and
expanding corticomuscular coherence measurement beyond
a specific brain region and/or frequency band. As corticomus-
cular coherence may reflect both muscle and cortical develop-
ment, implementation of this measurement in pediatric
unilateral cerebral palsy may be a beneficial step toward com-
prehending the role of ipsilateral corticospinal tract projec-
tions and organization.

The purpose of this study was to therefore assess the feasibil-
ity of corticomuscular coherence measurement in children and
adolescents with unilateral cerebral palsy during an upper
extremity goal-directed squeezing task by determining (1) the
number of participants successfully completing testing proce-
dures, (2) the proportion of trials retained from both more-
and less-affected upper extremities, and (3) the proportion of
trials retained from each experimental block to evaluate poten-
tial fatigue across the experiment. Limited corticomuscular
coherence literature in pediatric unilateral cerebral palsy led
to the hypotheses that >50% of participants would complete
corticomuscular coherence procedures and that we would
retain >50% of trials obtained from both extremities.
Additionally, we sought to establish experimental design
parameters to guide the design of future related studies by
determining the minimum number of corticomuscular coher-
ence trials necessary to achieve corticomuscular coherence
measurement stability. Lastly, to extend initial corticomus-
cular coherence findings summarized above, we examined
cortical contributions to corticomuscular coherence across
the entire brain during more- and less-affected extremity per-
formance using a 1–40 Hz frequency band. The information
gained from this preliminary study has the potential to foster
the development of corticomuscular coherence as an addi-
tional marker of motor behavioral status in children with uni-
lateral cerebral palsy that may complement more established
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neuroimaging and neurophysiological measures such as MRI
and TMS.

Methods
Participants
Individuals between 7 and 17 years of age with a diagnosis of unilateral
cerebral palsy (Manual Ability Classification System levels I-III), as
confirmed by medical records, were recruited. Additional inclusion cri-
teria entailed the ability to follow 1 to 3 step directions and no surgery
or botulinum toxin injections within the past 6 months. Visits occurred
in either a private clinical room or laboratory space from March to July
2022.

Procedures
Electroencephalography recording.. Participants wore a 256-lead
Hydrocel net (Electrical Geodesics Inc, Eugene, OR) and disposable
surface EMG leads applied to bilateral first dorsal interossei, flexor
and extensor digitorum, and biceps brachii muscles.
Synchronization of EEG and EMG signals and trial onset and
offset markers occurred through a Physio16 input box (Electrical
Geodesics Inc, Eugene, OR) and a Cedrus StimTracker box
(Cedrus Corp, San Pedro, CA), respectively. Participants were ran-
domized so that half performed corticomuscular coherence proce-
dures with their more-affected extremity first followed by their
less-affected extremity. We determined participants’ average
maximal voluntary isometric grip force from 3 trials using a dyna-
mometer (CAMRY) with a custom circuit board. Throughout the
experiment, investigators did not require participants to maintain
a specific forearm/wrist position. Rather, participants maintained a
comfortable forearm/wrist position that would best accommodate
task requirements and minimize compensatory movement. During
the EEG recording, participants performed the same isometric grip
task at 20% of their average maximal voluntary force output. A
visual target (Figure 1) provided real-time force output feedback.
Participants completed 5 practice trials to confirm task comprehen-
sion prior to the experiment of 2 blocks of 20 trials with a 1-minute
break between blocks. Each trial lasted approximately 5 seconds,
with inter-trial intervals ranging from 7 to 15 seconds to prevent
habituation to the timing of onset cues. Investigators recorded the
presence of mirroring and compensatory motions throughout the
experiment based on EMG activity and visual assessment.
Procedures were repeated on the opposite side following a brief
5-minute break where investigators checked EEG and EMG lead
placement and integrity. Participants received verbal instruction to
maintain a comfortable upright sitting position and to minimize
talking during the recording.

Clinical assessments, participant tolerance, and caregiver
satisfaction. Trained physical and occupational therapists administered
and scored assessments of unimanual (Box and Block Test) and bimanual
(Assisting Hand Assessment) hand function in addition to the Edinburgh
Handedness Inventory, Manual Ability Classification System, and the
Gross Motor Function Classification System. Participants and their caregiv-
ers completed brief questionnaires regarding their tolerance and satisfaction
with EEG-related procedures (Supplementary Material).

Corticomuscular Coherence Analysis
EEG signals were collected using a high-input impedance Net Amp
400 amplifier and NetStation 5.4.2 software (Electrical Geodesics
Inc, Eugene, OR) with a sampling rate of 1000 Hz. Raw and unfiltered
EEG data were exported to MATLAB 2017b (Natick, MA) for offline
processing using EEGLAB.31 Preprocessing steps involved re-refer-
encing data to the mean signal across all leads following the removal
of cheek and neck leads (194 leads remaining), and low- (50 Hz)
and high- (0.5 Hz) pass filtering. Data were then segmented into
1-second non-overlapping epochs and visually inspected for muscle
artifact before an Infomax independent component analysis32 to
remove cardiac and ocular artifacts. We completed a second data
inspection to remove any remaining artifact that occurred and
applied a spatial (Laplacian) filter to the preprocessed data. EMG
data were also transferred to MATLAB for offline processing, which
involved bandpass filtering from 0.5 to 50 Hz and passing the unrecti-
fied data through a Hilbert transform to obtain the envelope of the
signal, and then rectification. EEG and EMG data were concatenated
and corticomuscular coherence trial windows were defined between
1000 milliseconds (ms) before and 4000 ms after stimulus onset. We
computed whole brain coherence values for each muscle across delta
(1-3 Hz), theta (4-7 Hz), alpha mu (8-12 Hz), low beta (13-19 Hz),
high beta (20-30 Hz), and low gamma (31-40 Hz) frequency bands.
Coherence values are reported as the analogue of the squared correla-
tion coefficient between 2 distinct signals (ie, EEG and EMG leads).
Specifically, coherence is calculated with respect to the cross-spectrum
density of signals S1 and S2, for each frequency of interest ( f )
(PS1,S2(f )) and the auto-spectrum densities of S1 and S2 for each fre-
quency of interest (PS1(f ) and PS2(f )) as noted in the following equa-
tion.33

CohS1,S2(f ) = |PS1,S2(f )|2
|PS1(f )| × |PS2(f )|

Coherence values range from 0 to 1, where the latter indicates consis-
tent amplitude ratios and phase differences between 2 signals across
time. EEG and EMG values were flipped so that the left hemisphere
and right upper extremity represented the injured hemisphere and
more-affected extremity for all participants. Coherence was calculated
using a whole brain and hemispheric approach rather than using local-
ized seed regions. This approach may be advantageous in this popula-
tion as early neural injury alters neuroanatomical development,
organization, and hand motor representation.8,10 The topographic
plots, which depict 2-dimensional renderings of corticomuscular
coherence magnitude across the scalp surface, were developed using
functions from the open-source toolbox FieldTrip.34 We examined pre-
liminary differences in more- and less- affected hand performance
based on visual analyses of corticomuscular coherence topoplots. An
outline of our analysis pipeline is illustrated in Figure 2.

Statistical Analysis
We computed the percentage of enrolled participants that completed
the entire corticomuscular coherence process, and we determined the
proportion of corticomuscular coherence trials collected from partici-
pants’ more- and less-affected upper extremities that possessed suffi-
cient quality (ie, low signal artifact) for subsequent analyses by
recording the number of trials retained from the 40 trials acquired.
We also determined if the average number of trials retained differed
between the first and second blocks (a possible indicator of fatigue)
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for both extremities using paired t-tests. To determine the minimum
number of trials required to achieve a stable estimate of corticomuscu-
lar coherence, we calculated running averages, defined for each trial as
the average of all preceding trials. We used a method outlined by
Goldsworthy and colleagues35 that involved determining the
minimum number of trials where the absolute percentage difference
between the running average for each trial and the final average was
10%. We extended this analysis to also determine the minimum

number of trials necessary to achieve percentage differences within
5% and 2%. For these analyses, we chose to assess corticomuscular
coherence values involving whole brain EEG in the high beta fre-
quency band and the first dorsal interossei muscle considering the
involvement of the first dorsal interossei in precision grip tasks and
the high beta band in motor control.24,25,30,36 We extended the assess-
ment of corticomuscular coherence measurement stability to the other
frequency bands within the 1–40-Hz bandwidth.

Figure 1. Participants wore a 256-lead EEG cap (A) and performed an isometric grip task using a dynamometer device (A, B) during the EEG
recording. For each trial, participants observed an initial resting stimulus (C, left) followed by an activity stimulus (C, middle) where they
squeezed the dynamometer to move the frog’s tongue to the fly (C, right) which served as a visual target corresponding to 20% of their
maximal grip force.

Figure 2. The analysis of corticomuscular coherence involved a series of EEG and EMG processing steps. EEG, electroencephalography; EMG,
electromyography; ICA, independent component analysis.
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Results
Corticomuscular Coherence Feasibility & Tolerability
All 11 participants enrolled (6 females, 11.3± 2.4 years,
Table 1) completed the 90-minute research visit. Data from 2
participants were partially or completely discarded because of
the high presence of motion artifact throughout the EEG record-
ing, which suggests that corticomuscular coherence measure-
ment in these 2 participants was not feasible. On average, 29
trials (72.5%) were retained from the more-affected extremity
(n= 9) and 27 trials (67.5%) from the less-affected extremity
(n= 10). For the more-affected extremity, there was not a sig-
nificant difference in trials retained between the first (15
trials) and second (14 trials; t=−0.97, P= .35) blocks. For
the less-affected extremity, trials retained between the first
(15 trials) and second blocks (12 trials) significantly differed
(t=−2.90, P= .01). Participant and caregiver feedback was
largely positive. All participants expressed comfort with corti-
comuscular coherence procedures, including EEG cap and
EMG lead wear. All participants described the corticomuscular
coherence computer game as fun and engaging but commented
that the corticomuscular coherence experiment eventually felt
repetitive and long. All caregivers expressed satisfaction with
the overall research visit, including communication of proce-
dures provided by team members and tolerance of procedures
by participants.

Corticomuscular Coherence Stability
Stability analyses included data from 9 participants for the
more-affected extremity and 10 participants for the less-affected
extremity. For both more- and less-affected extremities, an
average of 28 trials (interquartile range [IQR]= 24.5-36 for
more-affected and 23-33 for the less-affected extremity) was
necessary to achieve a 2% difference between the running
and final corticomuscular coherence averages (Figure 3). To
obtain a 5% difference, 15 trials from the more-affected extrem-
ity (IQR= 7.5-17) and 16 trials from the less-affected extremity
(IQR= 10-18.5) were required. Lastly, reaching a 10% differ-
ence required 2 trials from the more-affected extremity (IQR
= 1.5-10.5) and 5 trials from the less-affected extremity (IQR
= 2.5-16.5). Achieving measurement stability in corticomuscu-
lar coherence measurements from other frequency bands also
required an average of 28 trials per extremity (Supplementary
Material).

Preliminary Corticomuscular Coherence Observations
Initial inspection of corticomuscular coherence values revealed
an overall reduction in corticomuscular coherence across the 1–
40 Hz bandwidth for the more-affected extremity in comparison
to the less-affected extremity, with prominent differences
arising in the alpha mu (8-12 Hz) and low beta (13-19 Hz) fre-
quency bands (Figure 4). Low-frequency (delta and theta) peaks
were also observed across all muscles during more- and less-
affected extremity performance (Figure 4). The topographic

plots (Figure 5) reflect corticomuscular coherence with
respect to each EEG lead and the muscle of interest to demon-
strate the global cortical mapping of corticomuscular coherence
during a grip task. Visual analyses of EEG topoplots depicted
bilateral hemispheric EEG activity encompassing both motor
and nonmotor cortical regions during more- and less-affected
extremity performance (representative participant [no. 11]
shown in Figure 5). This is denoted by areas of brighter
colors occupying both hemispheres (dependent on the fre-
quency band of interest). Brighter areas on the topoplots corre-
spond to higher corticomuscular coherence values between
EEG leads and the first dorsal interossei muscle during the iso-
metric squeezing task.

Discussion
As a measure representing functional connectivity between
brain and muscle, corticomuscular coherence may adjudicate
heterogeneity in pediatric unilateral cerebral palsy by providing
novel insight to motor prognostication and intervention
response. Findings from this pilot work support the feasibility
and tolerability of corticomuscular coherence collection
during a goal-directed task in children with unilateral cerebral
palsy. A preliminary visual analysis of EEG plots across partic-
ipants also reveals the potential utility of corticomuscular coher-
ence in the characterizing motor system organization following
early neural injury.

Experimental paradigms from past related work involving
corticomuscular coherence collection in pediatric populations
vary considerably. The number of trials and tasks, for instance,
range from 12 to 211 trials and encompass participants opening
and closing their hand or contracting a specific upper extremity
muscle.29,30 Our decision to implement a submaximal force
value of 20% is consistent with other published work with
values typically between 20% and 50%37 and enables for the
collection of multiple trials to enhance statistical power while
also minimizing task-related fatigue. The high percentage of
trials retained overall, 100% participant experiment completion,
and no difference in trials retained between the first and second
blocks for the more-affected extremity suggest that our chosen
parameters (ie, number of trials/blocks and percentage of sub-
maximal force required from the participant) are appropriate
and that fatigue was not an issue.

Notably, despite only 3 trials separating the first and second
blocks from the less-affected extremity, this difference was sig-
nificant. Although this may indicate fatigue or diminishing
attention contributing to greater instances of motion artifact,
this finding may also underscore greater variability in less-
affected extremity performance. Although we did not directly
compare more- vs less-affected extremities when determining
the number of trials required to achieve corticomuscular coher-
ence stability, corticomuscular coherence measurement from
the less-affected extremity required on average a greater
number trials to achieve 2%, 5%, and 10% differences
between running and final averages, which may also suggest
heterogeneity in less-affected extremity performance. In a
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TMS study by Rich and colleagues38 that examined hand motor
function and grip strength in children with unilateral cerebral
palsy, investigators observed greater mean differences

between more- and less-affected upper extremities in children
with ipsilateral corticospinal tract organization compared to
those with contralateral corticospinal tract organization as

Table 1. Participant demographics and clinical characteristics.

Participant Sex
Age
(y)

Side of
hemiparesis GMFCS MACS

BBT
(MA/LA)

AHA logit
score

Number of trials
retained (MA/LA) Location and type of injury

1 F 11 L 2 III 16.5/31 47 23/24 R MCA infarct
2 F 15 L 2 II 19/48.5 46 34a/35 CM-I, R MCA infarct
3 M 7 L 2 II 22/38 71 0a/0 R IVH
4 M 12 R 1 I 28/43 81 33a/9a Encephalomalacia, L MCA

infarct
5 F 13 R 2 III 6/27.5 19 0a/11a Encephalomalacia, L MCA

infarct
6 M 8 L 1 I 38.5/

41.5
94 37/35 PVL

7 M 10 R 1 I 40.5/
56.5

100 37/36 L MCA infarct

8 F 10 L 2 III 17.5/25 80 17a/14 IVH
9 F 13 R 1 I 65.5/

61.5
100 28/28 L medial parieto-occipital lobe

volume loss
10 F 12 R 1 III 13/45 47 24a/35 Encephalomalacia, L MCA

infarct
11 M 13 R 1 III 5.5/43.5 21 27a/38 L MCA infarct

Abbreviations: AHA, Assisting Hand Assessment; BBT, Box and Block Test; CM-1, Chiari Malformation Type 1; F, female; GMFCS, Gross Motor Function
Classification System; IVH, interventricular hemorrhage; L, left; LA, less-affected extremity; LV, left ventricle; M, male; MA, more-affected extremity; MACS, Manual
Ability Classification System; MCA, middle cerebral artery; PVL, periventricular leukomalacia; R, right.
aPresence of mirroring from extremity opposite to that performing task.

Figure 3. To determine stability of high beta (20-30 Hz) whole brain corticomuscular coherence with more- and less-affected first dorsal
interossei across participants, the minimum number of trials (out of 40) to achieve 2% (bottom line), 5% (middle line), and 10% (top line)
differences between the running and final corticomuscular coherence averages were determined. Dots and bars represent group averages and
standard deviations, respectively.
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determined by motor-evoked potentials. Significant differences
also emerged when comparing the less-affected extremity from
children with unilateral cerebral palsy with the dominant hand
from children with typical development.38 Combined with our
findings, accounting for heterogeneity both within (more- vs
less-affected extremities) and between participants is para-
mount when determining the total number of trials. Based on
the above-mentioned observations and the likelihood of dis-
carding 20% to 30% of trials, we assert that acquiring 28
to 40 trials per extremity is appropriate. Inclusion of a control
group and combining corticomuscular coherence with TMS
measures of corticospinal excitability for future corticomuscu-
lar coherence work will further elucidate the physiological
underpinnings of corticomuscular coherence while also high-
lighting the effects of early neural injury to corticomuscular
coherence.

An important difference between our work and previous
work29,30 was the examination of whole brain coherence
between EEG leads and each upper extremity muscle across
a 1-40 Hz band. Additional insight to brain activity during
motor performance in children with unilateral cerebral palsy

may be captured by not restricting initial corticomuscular
coherence observations to specific cortical regions like M1
or frequency bands.39 Indeed, we observed low-frequency
peaks for both extremities in all muscles (Figure 4). Others
have also observed a similar low-frequency peak during corti-
comuscular coherence testing in primates that they attributed
to residual movements generated during the hold period in
the isometric task.40 Despite seminal work depicting pro-
nounced beta band coherence between brain and muscle
during isometric contractions,21 we did not observe a similar
peak in the beta frequency range. The absence of prominent
beta band contributions to corticomuscular coherence may
relate to ongoing development and maturity of functional con-
nections between brain and muscle as indicated by lower beta
band coherence in children as compared to adults.27

Observational studies entailing the examination of beta fre-
quency corticomuscular coherence from children in narrower
age ranges (ie, 7-10 years or 11-13 years) is a necessary
next step to determine the relevance of beta frequency contri-
butions to corticomuscular coherence output in unilateral cere-
bral palsy.

Figure 4. Corticomuscular coherence across a 1-40 Hz frequency bandwidth between all EEG leads and EMG leads from more- and less-
affected first dorsal interossei (A), flexor (B) and extensor (C) digitorum, and biceps brachii (D) were acquired during an isometric grip task.
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Although not a primary objective of this study, visual analyses
of EEG topoplots across participants (exemplar in Figure 5)
afforded a preliminary account of cortical contributions to cortico-
muscular coherence measures. Bilateral hemisphere activity
during both more- and less-affected extremity performance involv-
ing primary and secondary motor regions and also frontoparietal
regions aligns with past findings showing greater cortical activa-
tion during gait in bilateral motor, parietal, and frontal regions in
children with unilateral cerebral palsy compared to children with
typical development.41 Combining these EEG topoplots with
other modalities in similar fashion to Weinstein et al42 that utilized
EEG, TMS, EMG, and functional and diffusion MRI may impart
valuable wisdom regarding upper extremity function in children
with unilateral cerebral palsy. Notably, Weinstein et al42 had a
64% success rate in obtaining high-quality functional MRI data
and a 77% success rate with EEG, which is similar to our work.
Given the lower costs and greater accessibility associated with
EEG as compared to functional MRI, EEG may be the more pre-
ferred modality to assess brain activity in pediatric populations.

We acknowledge a few limitations with this pilot study. The
heterogeneity within our small sample size limited sufficient stat-
istical power necessary to determine associations between cortico-
muscular coherence and motor behavioral assessments, which is a
critical next step to determine the utility of corticomuscular coher-
ence in unilateral cerebral palsy. The acquisition and measurement
of corticomuscular coherence may not be feasible in children with
more severe motor impairment and hemiparesis that cannot com-
plete a precision grip task. Lastly, poor spatial resolution is a uni-
versal limitation of EEG studies. The use of a high-density EEG
system partially mitigated this shortcoming, and the use of
whole brain coherence without the reliance of a seed region pro-
vided a more comprehensive account of regional cortical activity.

Conclusion
This study determined the feasibility of combined EEG and
EMG collection in children and adolescents with unilateral
cerebral palsy to measure corticomuscular coherence.

Findings from this work, including our recommended experi-
mental parameters and topographic illustrations, both guide
and encourage future corticomuscular coherence studies in
this pediatric population.
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