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Electroencephalography (EEG) is the recording of cerebrocortical 
electrical activity using electrodes placed on the head (1,2). The main 
indication of EEG is the diagnosis of seizures, a common canine 
neurological disorder (3,4). Electroencephalography is required 
to attain the highest tier of confidence in the diagnosis of canine 
epilepsy (4). In EEG recordings, the impedance is a measure of the 
connection quality between tissue and electrode and is obtained by 
calculating the opposition to current flowing between electrodes (5). 
The EEG recording standards for humans accept impedance values 
up to 10 kΩ, but it is recommended that impedance values be kept 
to , 5 kΩ to produce accurate EEG recordings (6). In a recent veteri-
nary EEG study, however, higher impedances were observed using 
novel wireless equipment (7).

The objective of this study was to investigate electrode imped-
ance discrepancies between wired and wireless monitors used for 
recording canine scalp EEG (7). The hypothesis is that no significant 
difference exists between electrode impedance values measured by 
the 2 EEG devices.

Animal procedures were conducted in accordance with the 
Canadian Council on Animal Care and approved by the University 
of Guelph Animal Care Committee (Animal Utilization Protocol 

3954, 6 April 2018). Seven healthy neutered or spayed adult research 
beagle dogs were recorded: 3 male and 4 females, weighing between 
6.5 kg to 12.2 kg (mean: 9.3 kg), 1 to 2 y of age, with normal physi-
cal and neurological examinations. One of the dogs was recorded 
twice, resulting in 8 recording sessions. Each dog was recorded on a 
separate day and acted as its own comparison. To keep the dogs calm 
during the instrumentation process, Propofol (Propofol injection; 
Novopharm, Toronto, Ontario) was titrated intravenously to effect 
to obtain sedation and muscle relaxation while maintaining jaw tone 
and spontaneous breathing. Once sedated, new subdermal wire elec-
trodes (SWEs) (Subdermal wire electrode, model F-SWEL-48; Grass 
Technologies, an Astro-Med Product Group, West Warwick, Rhode 
Island, USA) were placed on 10 skull locations: F7/F8, F3/F4, T3/T4, 
C3/C4, Fz, and Cz, with the ground placed on the dorsal midline of 
the neck and the reference placed midline between the medial can-
thi (7). Adhesive tape was placed on top of the SWE insertion points 
to ensure electrodes did not fall out. During the recording sessions, 
the SWEs were first plugged into the wired EEG machine (Stellate 
Harmonie Systems, models HSYS-REC-DUO and HSYS-REC-WP2; 
Stellate Systems, Montreal, Quebec) for impedance measurement. 
The SWEs were then disconnected and immediately reconnected to 
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A b s t r a c t
Scalp electrode impedance measurements recorded by wired and wireless electroencephalography (EEG) machines in 7 healthy 
dogs were compared. Eight recordings resulted in 80 impedance readings from subdermal wire electrodes (locations F7/F8, 
F3/F4, T3/T4, C3/C4, Fz, and Cz). Impedance values were measured first from the wired and then the wireless EEG machine. 
Wireless impedance measurements were higher than the wired EEG machine in 79/80 readings (P # 0.05), being on average 
2.83 kΩ [P # 0.05, 95% confidence interval (CI): 2.51 to 3.14, SD = 1.42] higher. Impedances from the wired machine ranged 
between , 0.5 and 9 kΩ (mean = 3.09, median = 2.00, SD = 2.15), whereas impedances from the wireless machine ranged between 
2.69 and 6.07 kΩ (mean = 5.92, median = 5.05, SD = 2.59). Despite these differences in impedance measurements, both machines 
measured similar impedance patterns. The wireless EEG machine’s impedance measurements, therefore, should be acceptable 
for veterinary clinical settings.

R é s u m é
Les mesures d’impédance des électrodes du cuir chevelu enregistrées par des appareils EEG filaires et sans fil chez sept chiens en bonne 
santé ont été comparées. Huit enregistrements ont donné 80 lectures d’impédance à partir de fils-électrodes sous-cutanés (emplacements 
F7/F8, F3/F4, T3/T4, C3/C4, Fz et Cz). Les valeurs d’impédance ont été mesurées d’abord à partir de la machine EEG filaire puis sans 
fil. Les mesures d’impédance sans fil étaient plus élevées que l’EEG filaire dans 79/80 lectures (P # 0,05), étant en moyenne de 2,83 k 
[P # 0,05, intervalle de confiance (IC) à 95 % : 2,51 à 3,14, SD = 1,42] plus élevé. Les impédances de la machine filaire étaient comprises 
entre , 0,5 et 9 k (moyenne = 3,09, médiane = 2,00, SD = 2,15), tandis que les impédances de la machine sans fil étaient comprises entre 
2,69 et 6,07 k (moyenne = 5,92, médiane = 5,05, SD = 2,59). Malgré ces différences dans les mesures d’impédance, les deux machines 
ont mesuré des patrons d’impédance similaires. Les mesures d’impédance de la machine EEG sans fil doivent donc être acceptables pour les 
paramètres cliniques vétérinaires.
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the wireless EEG machine (Trackit MK3 EEG/Polygraphy Recorder 
with Video; Lifelines Neurodiagnostic Systems, Troy, Illinois, USA) 
through which a second impedance measurement was taken.

Impedance measurements were compared between the 2 EEG 
machines for 10 electrode positions in the 8 recording sessions result-
ing in 80 comparisons. For each comparison, the difference between 
the 2 impedance measurements was calculated by subtracting 1 value 
from the other. Statistical analysis was performed blinded to machine 
identification. The Shapiro-Wilk test was used to check for normal-
ity. If the difference between the paired impedance measurements 
were normally distributed, a paired t-test was used, otherwise a 
Wilcoxon rank-sum test was done instead. A Bland-Altman plot and 
calculation of Lin’s concordance correlation coefficient were used to 
measure agreement between the paired impedance measurements. 
Significance was set at P # 0.05.

The wired EEG machine’s impedances ranged between , 0.5 and 
9.0 kΩ [mean = 3.09, median = 2.00, standard deviation (SD) = 2.15], 
whereas the wireless machine’s impedances were between 2.69 and 
16.07 kΩ (mean = 5.92, median = 5.05, SD = 2.59) (Figure 1). On 
average the wireless EEG impedance readings were higher than the 
wired EEG in 79/80 measurements. The wireless EEG machine’s 
impedance readings were 2.83 kΩ higher than the wired EEG imped-
ance readings [upper tolerance limit (UTL) = 0.40, lower tolerance 
limit (LTL) = 26.07] (Figure 2). The Lin’s concordance correlation 
coefficient was 0.48 (P , 0.05, 95% CI). When impedance measure-
ment differences were compared for each electrode skull location, 
the smallest difference between the 2 machines was at F7 and the 
largest difference was at T4 (Table I); this likely reflects the variability 
of the differences.

Given the lack of impedance standard in veterinary EEG, it is 
assumed that most clinicians follow the human impedance standard 
recommendation of # 5 kΩ (6). Our study showed that impedance 
values for the wireless EEG machine were on average . 5 kΩ, 
whereas the wired EEG was recording impedance values , 5 kΩ 
using the same electrodes on the same dogs in the same record-
ing sessions. In addition, although all the wired EEG machine’s 
impedance readings stayed below an acceptable range of 10 kΩ, 

the wireless machine’s impedance readings exceeded 10 kΩ and 
even reached as high as 16.07 kΩ. The mean impedance of 5.92 kΩ 
and median impedance of 5.05 kΩ for the wireless EEG machine 
are also both higher than the recommended 5 kΩ, whereas the 
wired EEG machine has a mean and median , 5 kΩ (mean = 3.09, 
median = 2.00). Not only do the 2 machines demonstrate a significant 
difference in measured impedance values but based on the human 
impedance standard, the wireless machine measures impedance val-
ues are higher than acceptable for veterinary clinical use. However, 
the machines do seem to be measuring the same impedance patterns 
as the wireless machine’s impedance values are consistently (79/80) 
higher than the wired EEG. This almost uniform difference in mea-
sured impedances could be due to differences in the calculation algo-
rithms and sensitivity calibrations with which the 2 EEG machines 
were originally designed or programmed. The Lin’s concordance 
correlation value of 0.48 shows moderate strength of agreement 
between impedance values. Despite this moderate agreement, the 
Bland-Altman plot indicates that the differences between the upper 
and lower tolerances vary too much for impedances from one EEG 
machine to be used to clinically predict the other (P , 0.05, 95% CI).

One of the limitations during the data collection process was 
that, due to additional data being recorded for another study, the 
wired EEG machine was used first on all dogs, not allowing for 
randomization in the order of recording with the EEG machines. 
However, the 2 machines’ impedance measurements on each dog 
were separated by only the time required to switch the electrode 
plugs from one machine to the other, which was as close to simul-
taneous measurement as could be achieved. Another limitation is 
that not all the possible scalp electrode locations were tested on the 
dogs. Again, this was due to the electrode protocol designed for the 
other study. In addition, since each dog was measured on a separate 
day variability between days could not be statistically confirmed. 
Future testing would ideally collect all data on 1 day for all dogs and 
repeat for several days. Lastly, this study examined only 1 type of 

Figure 1. Plot of the mean difference (Mudiff) (wired — wireless, dia-
monds) of each electrode location with respective upper tolerance limits 
(Ultol) and lower tolerance limits (Lltol) for all dogs.
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Figure 2. Bland-Altman plot showing an average difference (bias) of 
2.83 kΩ in which the wireless EEG impedance measurements were 
greater than the wired EEG impedance measurements, with a 2-sided 
upper tolerance limit (utl) and lower tolerance limit (ltl) of 0.403 kΩ and 
26.065 kΩ, respectively. The confidence intervals on the differences 
(circles) have an upper control limit (ucl) of 22.514 kΩ and a lower 
control limit (lcl) of 23.148 kΩ.
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electrode and compared only 2 EEG machines. Future studies could 
test various electrode types and other EEG machines to determine 
the pervasiveness of this impedance variation.

In conclusion, significant impedance measurement differences 
were detected between these wired and wireless EEG machines using 
SWEs in dogs, with the wireless EEG machine averaging impedance 
values 2.83 kΩ higher. Even though the measured impedances 
between the 2 machines are not the same, they do follow the same 
patterns with the wireless EEG machine impedance reading being 
greater than that of the wired machine in 79/80 measurements. 
Although it is expected that the wireless EEG machine will yield 
higher impedance measurements in dogs than the human EEG 
standard, these values should still be acceptable in veterinary clinical 

canine EEG. Having confirmed this discrepancy between impedance 
readings, thorough investigation would require calibration with 
external impedance standards and testing machine-to-machine 
variability.
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Table I. Comparison of the mean impedance difference for 
each location on the dog’s skull with a 2-sided lower tolerance 
limit and upper tolerance limit. The mean difference was 
obtained by subtracting the impedance measurement of the 
wireless EEG machine from the wired EEG machine. All mean 
difference values are statistically significant (P ,, 0.0001).

  Lower Upper 
Electrode Mean tolerance tolerance 
location difference limit limit 
on skull (kΩ) (kΩ) (kΩ) P-value
C3 23.13 26.13 20.09 0.000012304
C4 22.96 212.72 6.80 0.015055867
Cz 23.08 27.13 0.97 0.000088978
F3 22.95 27.02 1.12 0.000120298
F4 23.25 26.12 20.39 0.000006425
F7 21.99 26.73 2.76 0.003066006
F8 22.78 210.33 4.77 0.005967053
Fz 22.45 27.62 2.73 0.001575756
T3 22.31 25.32 0.71 0.000086880
T4 23.41 28.73 1.91 0.000260980


