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In stroke recovery, the activation of the primary mo-
tor cortex (M1) is critical for motor learning and has been 
found to be augmented by non-invasive brain stimulation 
(NIBS) recovery [1,2]. One form of interventional NIBS is 
transcranial direct current stimulation (tDCS), which in-
volves the guided placement of electrodes on the scalp. Two 
methods to guide the somatotopic localization of the M1 
area are 1) transcranial magnetic stimulation (TMS) and 
2) the 10/20 International Electroencephalogram Coordinate 
System (10/20 EEG) [3]. The TMS M1 location, termed the 
motor hotspot, is derived by eliciting a motor evoked poten-
tial in a muscle corresponding to the area stimulated (e.g. 
the first dorsal interosseous muscle can be monitored when 
stimulating the hand knob of M1). In contrast, the 10/20 
EEG identifies the location of M1 for the placement of scalp 
electrodes derived from four key individual anatomical 
landmarks with the nasion (lowest depression between the 
forehead and nose), in (lowest point of the skull from the back 
of the head) and the preauricular points of the right and left 
ears. EEG electrodes can record temporal brain activity in 
the form of event-related potentials (ERPs). The ERP rep-
resents a summation of neuronal activity and the location 
of the brain activity is inferred based on the type of task or 
stimuli (e.g. a motor task may infer activity in the M1 area). 
The coordinates for M1 include C3 (left hemisphere) and 
C4 (right hemisphere) areas regardless the possible cortical 
re-organization of M1 following a stroke.

Although the 10/20 EEG was originally designed to 
record brain activity, increasing investigations of tDCS 
in adults and children with stroke are reporting use of 
the 10/20 EEG to guide tDCS electrode placement. How-

ever, the reliability of the 10/20 EEG measurements to 
locate the C3 and C4 is unknown. The purpose of this 
study was to assess the inter-rater and intra-rater reliability 
of the 10/20 EEG to localize C3 and C4 to provide infor-
mation about the error of this measure when used by a 
researcher with limited training in EEG measurements. 
These results may inform other investigators who design 
non-invasive brain stimulation research protocols where 
stimulation location is determined by the 10/20 EEG mea-
surements. This research was approved by the Institu-
tional Review Board at the University of Minnesota. A 
convenience sample of twenty-five adults without neu-
rological conditions were recruited (mean age = 42.04, 
SD = 13.67). All participants provided written consent.

Two investigators unfamiliar with performing 10/20 EEG 
measurements were provided with two hours of training 
with a pediatric neurodiagnostic technician. Following train-
ing, independent measurements of participant’s heads were 
completed following the 10/20 EEG [4]. The C3 and C4 ar-
eas were localized and the distances between 1) left preau-
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ricular notch to C3 and 2) right preauricular notch to C4 
were measured. For inter-rater reliability, two raters mea-
sured the same 25 participants at different times within the 
same day. For intra-rater reliability, only one rater evaluated 
the same 25 participants in two different, consecutive days.

The relative reliability was determined using the ICC 
and the absolute reliability was determined by calculat-
ing the SEM (SEM = WMS , where WMS is the with-
in-subject mean square error term from 1-way analysis 
of variance). The ICC values were considered poor when 
below 0.20, fair from 0.21 to 0.40, moderate from 0.41 to 
0.60, good from 0.61 to 0.80, and very good from 0.81 to 
1.00 [5]. The ICC analyses were performed using SPSS 
Version 17 (SPSS Inc, Chicago, IL) and the SEM was cal-
culated using the Excel 2007. The ICC for the inter-rater 
reliability of the distance between left preauricular notch 
to C3 was 0.36 (95% confidence interval = -0.03-0.65) 
and the SEM was 0.50. The ICC for the inter-rater reli-
ability of the distance between right preauricular notch 
to C4 was 0.05 (95% confidence interval = -0.34-0.43) 
and the SEM was 0.58. The ICC for the intra-rater reli-
ability of the distance between left preauricular notch to 
C3 was 0.36 (95% confidence interval: -0.4-0.66) and the 
SEM was 0.34 cm. The ICC for the intra-rater reliability 
of the distance between right preauricular notch to C4 
was 0.60 (95% confidence interval: -0.27-0.80) and the 
SEM was 0.34 cm.

This study evaluated the inter and intra-rater reliability 
of C3 and C4 locations using the 10/20 EEG. The study 
showed a low to fair inter and intra-rater ICC for the dis-
tance between left preauricular notch to C3 and between 
right preauricular notches to C4. The ICC depends in part 
on the between-subjects variability of the measurement, 
therefore the low to fair inter and intra-rater ICC could be 
attributed to low variability in the head size of these study 
participants. The low SEM indicates a small amount of ab-
solute error of the measurement within and between raters. 
Our results suggest that the use of the 10/20 EEG may result 
in a low error (less than 1 cm) when localizing C3 and C4 by 
different novice raters and in different days.

The study was limited by procedural measurement stan-
dardization and a lack of three-dimensional analysis of dis-
parities in our inter-rater and intra-rater measurement. The 
tension of the tape measure and hair management during 
all measurements was not standardized. Additionally, a 
clinical non-toxic marking pen (China™ pencil), which has 
a larger tip was used for this study to mark head-specific 
measurements. These together could have contributed to 
the errors in the measure. The addition of three-dimension-
al measurements in a future study would provide informa-
tion as to the directionality of the displacement error (e.g. 
anterior, posterior, superior, inferior) of C3 and C4 location 
observed inter and intra-raters. Despite these limitations, 

our study indicates that the 10/20 EEG can result in low 
SEM, when localizing C3 and C4, by different novice raters 
and on different days. Although limitations exist within this 
study design, there are limited reports of the reliability of 
the 10/20 EEG when used by different investigators and on 
different days.

The 10/20 EEG frequently guides electrode placement 
for tDCS although few studies report reliability of 10/20 
EEG measurements. A lack of reporting reliability in 10/20 
EEG measurements may be contributing to greater inter-in-
dividual variability following tDCS intervention. In addi-
tion, the 10/20 EEG does not take into consideration the 
influence of continued development of children following 
stroke when localizing the M1 area. The influence of devel-
opment on reorganization of the motor cortex after stroke 
could limit the accuracy of the 10/20 EEG to locate the M1. 
As we consider not only reliability but also validity, other’s 
data suggests poor validity of the 10/20 EEG measurements 
to localize the motor cortex in adults without neurological 
condition [6,7]. Future studies incorporating neuroimaging 
may elucidate the validity of the use of 10/20 EEG to locate 
the M1 in children with stroke who may display reorgani-
zation of M1.

Funding
This work was supported by NIH (5K01HD078484-03, 

PI: Gillick), Foundation for Physical Therapy, Cerebral Pal-
sy Foundation, Minnesota’s Discovery, Research, and Inno-
vation Economy (MnDRIVE) Fellowship, and University 
of Minnesota Marie Louise Wales Fellowship, Sao Paulo 
Foundation [Process nº 2015/16744-4, Maíra Lixandrão].

References
1. Kirton A, Ciechanski P, Zewdie E, et al. (2017) Transcranial 

direct current stimulation for children with perinatal stroke 
and hemiparesis. Neurology 88: 259-267. 

2. Ciechanski P, Kirton A (2016) Transcranial direct-current stim-
ulation can enhance motor learning in children. Cereb Cortex.

3. DaSilva A, Volz M, Bikson M, et al. (2011) Electrode posi-
tioning and montage in transcranial direct current stimula-
tion. J Vis Exp.

4. Klem GH, Lüders HO, Jasper HH, et al. (1999) The ten-twen-
ty electrode system of the International Federation. The 
International Federation of Clinical Neurophysiology. Elec-
troencephalogr Clin Neurophysiol Suppl 52: 3-6.

5. Portney L, Watkins MP (2000) Foundations of Clinical Re-
search: Applications to Practice. (2nd edn), F.A. Davis Com-
pany, USA.

6. Sparing R, Buelte D, Meister IG, et al. (2008) Transcranial 
magnetic stimulation and the challenges of coil placement: 
A comparison of conventional and stereotaxic neuronaviga-
tional strategies. Hum Brain Mapp 29: 82-96.

7. Koenraadt KL, Munneke MA, Duysens J, et al. (2011) TMS: 
A navigator for NIRS of the primary motor cortex? J Neuro-
sci Methods 201: 142-148.

https://www.ncbi.nlm.nih.gov/pubmed/27927938
https://www.ncbi.nlm.nih.gov/pubmed/27927938
https://www.ncbi.nlm.nih.gov/pubmed/27927938
https://www.ncbi.nlm.nih.gov/pubmed/27166171
https://www.ncbi.nlm.nih.gov/pubmed/27166171
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3339846/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3339846/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3339846/
https://www.ncbi.nlm.nih.gov/pubmed/10590970
https://www.ncbi.nlm.nih.gov/pubmed/10590970
https://www.ncbi.nlm.nih.gov/pubmed/10590970
https://www.ncbi.nlm.nih.gov/pubmed/10590970
https://www.ncbi.nlm.nih.gov/pubmed/17318831
https://www.ncbi.nlm.nih.gov/pubmed/17318831
https://www.ncbi.nlm.nih.gov/pubmed/17318831
https://www.ncbi.nlm.nih.gov/pubmed/17318831
https://www.ncbi.nlm.nih.gov/pubmed/21835198
https://www.ncbi.nlm.nih.gov/pubmed/21835198
https://www.ncbi.nlm.nih.gov/pubmed/21835198

	Title
	Keywords
	Funding
	References

