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Abstract 

Objective: To investigate the diagnostic added value of supplementing the 10-20 EEG array with 

six electrodes in the inferior temporal chain. 

Methods: EEGs were recorded with 25 electrodes: 19 positions of the 10-20 system, and six 

additional electrodes in the inferior temporal chain (F9/10, T9/10, P9/10). Five-hundred consecutive 

standard and sleep EEG recordings were reviewed using the 10-20 array and the extended array. We 

identified the recordings with EEG abnormalities that had peak negativities at the inferior temporal 

electrodes, and those that only were visible at the inferior temporal electrodes.  

Results: From the 286 abnormal recordings, the peak negativity was at the inferior temporal 

electrodes in 81 cases (28.3%) and only visible at the inferior temporal electrodes in eight cases 

(2.8%). In the sub-group of patients with temporal abnormalities (n=134), these represented 59% 

(peak in the inferior chain) and 6% (only seen at the inferior chain).    

Conclusions: Adding six electrodes in the inferior temporal electrode chain to the 10-20 array 

improves the localization and identification of EEG abnormalities, especially those located in the 

temporal region. 

Significance: Our results suggest that inferior temporal electrodes should be added to the EEG 

array, to increase the diagnostic yield of the recordings. 

 

Keywords: 10-20 EEG array, diagnosis, inferior temporal electrodes, localization. 
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Highlights: 

 The 10-20 EEG electrode array does not cover the basal part of the temporal lobes. 

 We extended the 10-20 array with six electrodes in the inferior temporal chain. 

 The extended array improved the localization and identification of EEG abnormalities.  
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1. Introduction 

In 1958, the standardized 10-20 EEG electrode positioning system was proposed by Herbert H. 

Jasper and his co-workers (Jasper, 1958), and in 1999 this has been reported as a guideline of the 

International Federation of Clinical Neurophysiology (Klem et al. 1999). Distances were measured 

from prominent skull landmarks (nasion, inion, preauricular points) and evenly distributed electrode 

positions were determined using 10% and 20% segments of these distances (Klem et al. 1999). 

Jasper's 10-20 system was developed using cadaver skulls. The A1/A2 electrodes in the 10-20 

system were inferior mid-temporal electrodes, yet they were used as reference electrodes and not as 

part of the active electrode arrays in the montages.  As early as 1960 (Silverman 1960) and 1980’s 

(Binnie et al., 1982; 1989), it was pointed out that the 10-20 system did not cover the inferior-basal 

part of the temporal lobes. This was further supported by studies using anterior temporal electrodes 

T1-T2 (Fernández Torre et al., 1999; Homan et al., 1988;  Mintzer et al., 2002;  Sperling and Engel, 

1985),  Maudsley T1’T2’  electrodes (Corsini et al., 2006; Nayak et al., 2004) or multiple non-

standard electrode positions (Gelisse et al., 2011; Kissani et al., 2001; Ochoa et al., 2008; Sadler 

and Goodwin, 1989; Sirin et al., 2013; Sparkes et al., 2009; Yamazaki et al., 2012;  Zijlmans et al., 

2008). 

The modified combinatorial nomenclature (the 10-10 system) proposed by the American 

Electroencephalographic Society in 1994, extended the EEG electrode array with positions in the 

inferior temporal chain, and increased the spatial sampling by using 10% segments (Acharya et al., 

2016; American Electroencephalographic Society, 1994). With the advent of source imaging, high 

density EEG electrode arrays including 5% electrode positions, were developed, resulting in 

electrode arrays of 345 positions (Oostenveld and Praamstra 2001). Using high-density EEG arrays, 

including the inferior temporal electrodes, significantly increased the accuracy of electric source 

imaging in presurgical evaluation of patients with focal epilepsy (Brodbeck et al. 2011). 

However, high-density EEG recordings require special equipment and amplifiers, and, when using 

cup electrodes, they are time-consuming. Therefore, high-density arrays have been implemented 
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mainly for presurgical evaluation and for research, while in most centers standard and sleep EEG 

recordings are done using the 10-20 electrode system.  

A previous study demonstrated that adding six electrodes in the inferior temporal chain to the 10-20 

array, in the long-term video-EEG monitoring, significantly increased the accuracy of estimating 

the source of the ictal signals in patients with foci in the temporal lobe, as evaluated by a panel of 

trained experts (Rosenzweig et al. 2014). 

We hypothesized that adding six electrodes in the inferior temporal chain to the 10-20 array will 

increase the diagnostic yield, by better localization and identification of the interictal EEG 

abnormalities in standard and sleep recordings. 

 

 

2. Methods 

EEG recordings from 500 consecutive patients (223 male; aged 1–91 years, mean 34 years, median 

31 years), referred to standard or sleep EEG recording on suspicion of epilepsy or seizures, have 

been included. Patients or their parents gave their informed consent prior to the EEG recordings. 

All recordings were done with an array of 25 electrodes, consisting of 19 electrodes from the 10-20 

system and six additional electrodes (F9/10, T9/10, P9/10) in the inferior temporal chain (Figure-1). 

T9/10 electrodes were placed at the pre-auricular points; F9/10 and P9/10 were placed at 20% of the 

circumferential distance anterior, and respectively posterior to the pre-auricular points. 

The duration of EEG recordings was 30 minutes for the standard recordings (n=305), one hour for 

the sleep EEG recordings (n=178) and 3 hours for the short-term video-EEG recordings (n=17). 

All recordings were prospectively reviewed in common average and in bipolar montages, 

independently by two authors, who categorized EEG abnormalities as epileptiform discharges or 
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abnormal slowing, as defined in SCORE (Standardized Computer-based Organized Reporting of 

EEG) (Beniczky et al. 2013). In case of disagreement on scoring the discharges, consensus was 

reached in a joint reading session. When this did not resolve the discordance, a third author´s 

scoring was added. The results were recorded using the SCORE software (Beniczky et al., 2013) as 

part of the diagnostic work-up of the patients. During the scoring process, the electrodes where the 

abnormalities were observed and the location of the peak negativity were logged. According to the 

institutional guidelines, two trained experts assessed each recording independently. For quality-

assurance, in this study, all recordings were double-checked retrospectively, to make sure the initial 

scorings were correct. 

In addition, we logged into the database the recordings in which the peak scalp-negativity was at 

one of the electrodes in the inferior temporal chain, and the ones in which the abnormalities were 

only visible at the electrodes of the inferior temporal chain. Peak negativity was defined as phase 

reversal in longitudinal and transversal bipolar montages, and maximum negative amplitude of the 

signals in common average montage. In addition, scalp-topography of the voltage distribution were 

visualized using voltage-maps (Rosenzweig et al. 2014). In case of disagreement in scoring, this 

was resolved in joint reading sessions. The longitudinal bipolar montage included the inferior 

chains: Fz-Cz, Cz-Pz, Fp1-F3, F3-C3, C3-P3, P3-O1; Fp2-F4, F4-C4, C4-P4, P4-O2; Fp1-F7, F7-

T7, T7-P7, P7-O1; Fp2-F8, F8-T8, T8-P8, P8-O2; Fp1-F9, F9-T9, T9-P9, P9-O1; Fp2-F10, F10-

T10, T10-O2. The transversal bipolar chains started at the inferior temporal electrodes on the right 

side, and they ended on the inferior temporal electrodes on the right side. For accuracy of voltage 

mapping, all electrodes were included into the average reference. 

 

 

3. Results 
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Two-hundred-eighty-six recordings (57.2%) had epileptiform discharges or abnormal slowing. 

Figure-2 shows an example of an epileptiform discharge identified in the extended array including 

the inferior temporal chain, but missed when inspected in the 19-electrrode array. These discharges 

typically originated from the basal part of the temporal lobe and the source had a vertical-tangential 

orientation (Figure-3). 

The flowchart in Figure-4 summarizes the types of abnormalities and their relation to the inferior 

temporal electrodes. In 81 out of the 286 abnormal recordings (28.3%) the peak negativity was 

localized at the inferior temporal electrodes, and in eight recordings (2.8%) the EEG abnormality 

was only visible at the inferior temporal electrodes.  

The flowchart in Figure-5 summarizes the sub-group of patients with temporal abnormalities 

(n=134). In this subgroup, the impact of the inferior temporal electrodes was even higher: the peak 

negativity was localized in the inferior chain in overall 79 cases (59%) and the abnormalities were 

only visible at the inferior temporal electrodes in eight cases (6%). 

Table-1 shows the distribution of the abnormalities observed at the individual electrode-pairs from 

the inferior temporal chain. Using only F9/10 would have detected 37.5% of the spikes only seen at 

the inferior temporal electrodes. In 26% of the cases with maximum negativity at the inferior 

temporal electrodes, this was located at F9/10. Thus adding the mid- and posterior inferior temporal 

electrodes gives better diagnostic yield than merely using only the anterior ones. 

In 14 cases, normal variants (patterns of uncertain significance) were observed only at the inferior 

temporal electrodes: non-epileptiform sharp transients (8 cases), small-sharp-spikes (4 cases), 

rhythmic temporal theta of drowsiness (1 case) and temporal slowing of the elderly (1 case). 

 

4. Discussion 

We found that adding six electrodes in the inferior temporal chain to the EEG array improved the 

localization and identification of EEG abnormalities, especially when originating in the basal part 

of the temporal lobes. Adding the extra electrodes is not invasive or painful and it is not time 
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consuming (it takes less than 5 minutes). Yet it had a marked effect on the localization of the 

abnormalities, since 59% of the abnormalities in the temporal region had the peak negativity at the 

inferior temporal electrodes, and 6% of them were only identifiable using the extended array. Thus, 

the benefit-cost ratio is high, and this should be included into the EEG arrays for standard EEG 

recordings. 

Sources in the basal part of the temporal lobe have a vertical-tangential orientation: volume 

conduction of the return currents causes peak negativity in the inferior part of the skull, at the level 

of the pre-auricular point, or even lower (Figure-3). Due to the steep gradient in the vertical 

direction, the temporal electrodes of the classical 10-20 array do not record these abnormalities. 

Previous studies showed that anterior temporal (T1/2) electrodes add significantly to the 

information contained in the routine interictal EEG (Silverman, 1960). T1/2 electrodes added 

information in 18.7% of a series of 624 consecutive recordings (Nowack et al., 1988). In a study on 

fronto-temporal epileptiform discharges in 100 patients indicated that in the majority these had 

maximum amplitude over the anterior temporal region, some 20 mm below the typical positions of 

F7/8 (Binnie et al., 1982). 

A previous study demonstrated that adding the inferior temporal electrodes improved the 

localization of the ictal signals in long-term video-EEG monitoring (Rosenzweig et al., 2014). The 

new IFCN guideline on EEG electrode array recommends including the six inferior temporal 

electrodes into the standard EEG array (Seeck et al., 2017). This recommendation was based on the 

expert opinion of the authors. Here, we provide evidence for the increased diagnostic yield using 

this extended array. 

Sphenoidal electrodes are not used for standard (“routine”) EEG recordings, but in some centers 

they are used in presurgical evaluation. Their use has been a subject of long lasting debate and their 

overall added value is not more than 10 percent. Kissani demonstrated only a 7% additional 

information of the sphenoidal over scalp electrodes including anterior temporal electrodes and no 
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additional information in extra mesial-temporal onset (Kissani et al., 2001). Other supporting 

studies compared sphenoidal electrodes to standard electrodes. Ives et al. (1996) compared standard 

anterior-posterior temporal montage to sphenoidal electrodes with higher detection rate with 

sphenoidal electrodes (Ives et al. 1996). Another study comparing sphenoidal recording with scalp 

electrodes in 101 patients, interictal spikes were visible in 11 patients only with sphenoidal 

electrodes (So et al., 1994). Yakamazi compared an array of the 10-20 system plus sphenoidal 

electrodes with high-density (128 electrodes) EEG recordings and found that 90.4% of the interictal 

spikes detected by the high-density EEG were not detected in the 10-20 montage supplemented 

with sphenoidal electrodes (Yakamazi et al., 2012). Nevertheless, several studies including the 

latter have demonstrated that the yield of these electrodes is not superior to extra, inferiorly-placed 

scalp electrodes. Fernández Torre compared accurately positioned sphenoidal electrodes with 

anterior temporal scalp electrodes with no significant increase in detection sensitivity (Fernández 

Torre et al., 1999b). Mintzer showed similar results comparing temporal electrodes (T1 and T2) to 

sphenoidal (Mintzer et al., 2002). 

The technological advancements of EEG in the past decades have made little effect on the way 

standard EEG recordings are done. EEG is an important tool in the diagnosis and evaluation of 

patients with epilepsy. Appropriate representation of the inferior part of the temporal region is 

important in cases of temporal lobe epilepsy, which is the most common symptomatic focal 

epilepsy (Bancaud 1987). Nevertheless, some generalized epilepsies as JAE (Gelisse et al. 2011) 

also present focal temporal EEG discharges. 

Our results advocate for extending the standard EEG array with six electrode positions placed in the 

inferior temporal chain. 
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Table 1: Distribution at the individual electrodes of the abnormalities observed only at the 

inferior temporal electrodes and with peak negativity at the inferior temporal electrodes. 

In parentheses the percentage from the inferior-temporal abnormalities. 

 

 Inferior temporal electrodes 

Any F9/10 T9/10 P9/10 F9/10 & 

T9/10 

T9/10 & 

P9/10 

All 

Only at inferior temporal 

electrodes 

8 

(100%) 

2 

(25%) 

2 

(25%) 

3 

(27.5%) 

1 

(12.5%) 

0 0 

Peak negativity at 

inferior temporal 

electrodes 

81 

(100%) 

12 

(15%) 

42 

(52%) 

15 

(18%) 

5 (6%) 3 (4%) 4 

(5%) 
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Figure Legend 

 

Figure 1 

Placement of the electrodes in the left inferior temporal chain (F9, T9, P9) compared to the 

neighboring electrodes of the 10-20 array (F7, T7=T3; P7=T5).  

 

Figure 2  

Sharp-wave that is easily identified at the inferior temporal electrode (P9) but not in the classical 

10-20 array. Longitudinal bipolar and common average montages of the extended and classical 

array. 

 

Figure 3 

3D voltage map and source imaging of the sharp-wave in figure-2. Please note that the peak 

negativity is even more caudal than the inferior temporal chain. Due to the rapid gradient in the 

vertical direction, the electrodes of the classical 10-20 array do not record the signal. The source of 

this sharp-wave is in the posterior-basal part of the temporal lobe. The color-code is for the voltage-

range (-54  +30 µV; isoelectric lines: 4 µV/step).  

 

Figure 4 

Flowchart showing the types of identified EEG abnormalities and their relation to the inferior 

temporal electrodes, for all recordings. 
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Figure 5 

Flowchart of the abnormalities recorded in the temporal region, and their relation to the electrodes 

in the inferior temporal chain.  
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