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Assessment of chemosensory function using 

electroencephalographic techniques*

Summary

Electroencephalographic techniques are widely used to provide an objective evaluation of the chemosensory function and 

to explore neural mechanisms related to the processing of chemosensory events. The most popular technique to evaluate 

brain responses to chemosensory stimuli is across trial time-domain averaging to reveal chemosensory event-related poten-

tials (CSERP) embedded within the ongoing EEG. Nevertheless, this technique has a poor signal-to-noise ratio and cancels 

out stimulus-induced changes in the EEG signal that are not strictly phased-locked to stimulus onset. The fact that consistent 

CSERP are not systematically identifiable in healthy subjects currently constitutes a major limitation to the use of this techni-

que for the diagnosis of chemosensory dysfunction.

In this review, we will review the different techniques related to the recording and identification of CSERP, discuss some of 

their limitations, and propose some novel signal processing methods which could be used to enhance the signal-to-noise 

ratio of chemosensory event-related brain responses.
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Introduction

Unlike other sensory modalities (auditory, visual, somatosen-

sory), the use of electrophysiological techniques to explore 

the olfactory system in humans remains sparse. This is mostly 

due to the difficulty of producing selective and controlled 

olfactory stimuli (1); and the fact that pioneering studies have 

yielded sometimes conflicting results (2-4). In 1978, Kobal and 

Plattig (5) introduced an olfactory stimulator, which allows brief 

chemosensory stimulation of the olfactory neuroepithelium 

of the nasal mucosa, without concurrent mechanical and/

or thermal stimulation. Several studies have now shown that 

this technique can be used to explore the cortical processing 

of olfactory and trigeminal chemosensory input in humans, 

through the recording of chemosensory event-related brain 

potentials (CSERPs) (6-8). Investigating the test-retest reliability 

of CSERP, studies have shown that CSERP had good test-retest 

reliability (9,10). CSERP were thus considered to be valuable for 

the objective clinical evaluation of patients (9,10). However, due 

to the poor signal-to-noise ratio of the elicited responses (11-13), 

CSERPs are often difficult to assess, especially olfactory CSERPs, 

even in normosmic patients. For example, Lötsch and Hummel 
(12) showed that approximately 30% of normosmic people have 

no identifiable olfactory CSERP. Hence, at present, the clinical 

usefulness of CSERP remains questionable.

 

Some hypotheses have been proposed to explain the absence 

of identifiable olfactory CSERP among normosmic people. First, 

some of their normosmic subjects can have CSERP only to one 

odorant. Secondly, some patients may have a very high num-

ber of artifacts in the recording and; finally in a small number 

of subjects no olfactory CSERP could be elicited (12). 

This review will focus on the techniques related to the recor-

ding of CSERPs, and will propose several novel signal proces-
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sing methods which could be used to enhance the signal-to-

noise ratio of CSERPs.

Chemosensory stimulation device

The vast majority of odorants stimulate both the olfactory and 

trigeminal system. The selective evaluation of the olfactory or 

trigeminal system thus requires specific molecules to activate 

either of the two systems. To activate olfactory chemosensory 

afferents selectively, the most used substances are 2-phe-

nylethanol (PEA) and hydrogen sulfide (H
2
S) (12-14). To activate 

trigeminal chemosensory afferents selectively, gaseous CO
2
 is 

the most commonly used (12-15).

The ideal chemosensory stimulator to record time-locked 

responses such as event-related potentials (ERPs) should meet 

the following criteria: (a) the stimulator should be able to acti-

vate trigeminal or olfactory chemosensory receptors selecti-

vely, (b) the stimulator should be able to deliver chemosensory 

stimuli in a controlled fashion, (c) use of the stimulator should 

be safe, and (d) the stimulator should be able to generate a 

very phasic stimulus, compatible with the recording of time-

locked responses.

Devising a chemosensory stimulus that is able to activate 

olfactory or trigeminal chemosensitive receptors of the nasal 

mucosa without concurrent mechanical or thermal stimula-

tion of mechanical or heat sensitive trigeminal afferents is 

technically challenging. Furthermore, producing a transient 

chemosensory stimulus is difficult, as it requires the ability to 

generate a very steep gradient in odorant concentration.

At present, we can distinguish two types of olfactometers: 

blast olfactometers and constant flow olfactometers (Figure 

1A). Blast olfactometers deliver pulses of odorized air in the 

subject’s nose. This approach has the advantage of being able 

to deliver very transient stimuli, but also has one big disad-

vantage: the sudden pulse of air necessarily also activates 

mechanoreceptors of the nasal cavity. Therefore, if the techni-

que is used to record olfactory CSERPs, these will be difficult to 

disentangle from the ERPs related to the mechanical activation 

of trigeminal somatosensory afferents. For this reason, con-

stant flow olfactometers are now preferred for the recording 

of CSERPs. The technique was introduced by Kobal and Plattig 

in 1978 (5) and consists in delivering a pulsed odour embedded 

within a constant airflow. The rapid switching between the 

odour and the control airflow relies on a vacuum line. Impor-

tantly, the airflow is maintained at a constant temperature and 

humidity to avoid stimulation of trigeminal mechanical or heat 

sensitive receptors (Figure 1B). Furthermore, using very rapid 

switching valves, it is possible to deliver very phasic stimuli, 

with rise-times as short as 20 ms (12). Classically, in the litera-

ture, subjects receive a constant intranasal airflow of 6-8l/min, 

which is at 80% relative humidity and warmed to 36°C; with a 

rise time of 20 ms and a stimulus duration of 200ms (12,13,15). 

The use of a constant flow olfactometer to record CSERPs 

remains difficult. Because of the low signal-to-noise ratio of the 

elicited responses, all measures should be taken to optimize 

stimulus presentation. To maximize the gradient between 

the absence of odorant in the control air and the presence 

of odorant in the pulsed odour, the air of the recording room 

should, itself, be devoid of any odorant, a condition that is 

often difficult to obtain in practice, but crucial to maximize the 

obtained CSERPs. In addition, the odorant is conveyed through 

a long Teflon tube, running from the olfactometer to the nos-

tril. This Teflon tube may also be a source of contamination of 

the control air, as odours may impregnate it. 

Electroencephalographic responses to  

chemosensory stimulation 

The evaluation of olfactory function is most often performed 

using psychophysical testing such as the Sniffin’ Sticks test 
(16,17) or the University of Pennsylvania Smell Identification Test 

(UPSIT) (18). These tests have the advantage of being easy to im-

plement, and of having been validated in multicenter studies 
(16). However, they have the disadvantage of being only semi-

objective and of being subject to patient response biases. 

This constitutes a major issue when evaluating patients with 

olfactory disorder, particularly if the evaluation is performed 

in a medico legal context. It is usually considered that this bias 

could be largely avoided by the recording of CSERPs.

The recording of ERPs following stimulation of sensory af-

ferents (e.g. visual evoked potentials elicited by an alterna-

ting checkerboard) is a technique that is widely used for the 

functional assessment of sensory systems in clinical diagnostic 

medicine. Indeed, brief sensory stimuli elicit transient changes 

in the ongoing electroencephalographic activity. However, it 

is important to keep in mind that only a fraction of the cortical 

activity that is triggered by the stimulus will lead to a measura-

ble electroencephalographic response (19). To generate such a 

response, the elicited neuronal activity must satisfy a number 

of conditions (20). First, the neuronal activity must involve a 

large population of neurons; and these neurons must be acti-

vated synchronously, such that the electrical fields generated 

by each neuron summate into a strong electrical field. Impor-

tantly, the activated neuronal population must constitute an 

open field structure. Indeed, if the geometric configuration of 

the activated neurons constitutes a closed field structure (e.g. 

a subcortical nucleus), the electrical fields produced by each 

neuron of the structure will cancel each other and the net 

electrical field will be null (21). The geometric configuration of 

the olfactory cortex and, in particular, the entorhinal cortex, 

the piriform cortex and the orbitofrontal cortex indicate that 
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these should constitute an open field structure. In contrast, the 

spherical geometric configuration of the amygdalar nucleus  

suggests that it could act as a closed field structure and, hence, 

that activity generated within this structure is likely to not 

translate into a measurable electroencephalographic signal. 

Third, the distance between the scalp electrodes and the 

activated neural population should be small, as the magnitude 

of the generated electrical field decreases with the square of 

the distance. This could constitute an issue for the recording of 

CSERPs, as most structures thought to be involved in the pro-

cessing of olfactory input are relatively deeply located, such as 

the piriform cortex, the entorhinal cortex, the amygdala and 

the orbito-frontal cortex. 

When these criterions are met, the synchronous activation 

of a population of neurons by a transient sensory, motor or 

cognitive event can thus generate a measurable deflection 

in the human electroencephalogram (EEG), i.e., an ERP. These 

deflections are thought to mainly reflect summed postsynap-

tic activity occurring in similarly oriented cortical pyramidal 

neurons (21).  

It is also well-known that brief sensory, motor or cognitive 

events can modulate transiently the magnitude of the sponta-

neous oscillatory activity of the human electroencephalogram, 

within different frequency bands. These stimulus-induced 

modulations may appear as either a transient increase (event-

related synchronization, ERS) or a transient decrease (event-re-

lated desynchronization, ERD) of the power of EEG oscillations 
(22,23). The functional significance of ERS and ERD is thought to 

differ according to the affected frequency band. ERS and ERD 

in the alpha band (8 - 12Hz) are thought to reflect respectively 

cortical deactivation and activation (23). ERS in the gamma band 

has been hypothesized to constitute a mean of forming and 

synchronizing transient functional neuronal assemblies, and to 

play an important role in conscious perception (24,25). 

Characterizing chemosensory ERPs 

in the time domain

Brief chemosensory stimuli can thus elicit transient deflecti-

ons within the ongoing EEG, referred to as CSERPs. Such as 

for other ERPs, the magnitude of these deflections is much 

smaller than the magnitude of the background ongoing EEG. 

To increase the signal-to-noise ratio of the elicited responses 

and, thereby, allow their identification, the event is repeated 

several times. The EEG signal is then segmented into separate 

epochs relative to the onset of each stimulus, and the obtained 

epochs are averaged into a single average waveform. This 

averaging procedure relies on the assumption that, across the 

different epochs, ERPs should be stationary relative to stimulus 

onset and, hence, they should be unaffected by the averaging 

procedure. In contrast, all EEG signals that are unrelated to 

the stimulus should be non-stationary relative to stimulus 

onset and, therefore, should be cancelled out by the averaging 

procedure. In this way, time-domain averaging increases the 

signal-to-noise ratio of ERPs. 

The bulk of CSERPs consists of a negative component oc-

curring between 320 and 450 ms after stimulus onset (often 

referred to as N1) (26-29), followed by a positive component 

occurring between 530 and 800 ms after stimulus onset (often 

referred to as P2). Both components are maximal at the scalp 

vertex. The positive component is sometimes described as 

comprising two distinct components, referred to as P2 and P3 
(30). Preceding this N1 - P2 complex, an initial positive peak (P1) 

has occasionally been reported, peaking between 250 and 320 

ms after stimulus onset (31-33) (Figure 2). 

Conventional time-domain averaging presents several draw-

backs, which could contribute to explain the low signal-to-

noise ratio of CSERPs. 

First, the across-trial latencies of CSERPs may be affected by a 

significant amount of temporal jitter. This jitter would result 

from the variability in timing of the different steps separating 

the occurrence of the sensory event (i.e. the onset of the che-

mosensory stimulus) and the occurrence of a cortical response 

(i.e. the ERP). If this jitter is significant, the elicited ERPs will be 

cancelled out by the time-domain averaging procedure, as the 

responses are no longer stationary across trials. Chemosensory 

stimuli are usually delivered using a Teflon tube pointing to-

wards the olfactory cleft. By involuntarily displacing the position 

of the tube relative to the olfactory cleft, small head movements 

may increase the jitter. Furthermore, the process of transducting 

the chemosensory stimulus into a neural impulse may also be 

an important source of jitter. Therefore, it is reasonable to expect 

that the responses to chemosensory stimulation are subject 

to a significant amount of jitter, and that this jitter leads to an 

important distortion of the averaged ERP waveforms, possibly to 

the point of rendering the responses undetectable.

Second, time-domain averaging is unable to reveal any tran-

sient event-related modulation of the power of ongoing EEG 

oscillations (i.e. ERD and ERS), as these oscillations are cancel-

led-out by conventional time-domain averaging procedures. 

Taken together, time-domain averaging is thus blind to a sig-

nificant fraction of the elicited EEG response (ERPs subject to a 

significant amount of temporal jitter, ERD and ERS). This could 

contribute to explain why CSERPs are often difficult to identify 

in healthy subjects. 

Characterizing chemosensory EEG responses  

in the time-frequency domain

Different methods have been proposed to identify, characte-
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rize and quantify ERS and ERD (23). These methods rely on tech-

niques to estimate within each EEG epoch the amplitude of the 

signal as a function of time and frequency, regardless of phase. 

The obtained time-varying expressions of oscillation amplitude 

are then averaged across trials, thereby disclosing both phase-

locked and non-phase locked modulations of signal amplitude, 

provided that these modulations are relatively well time-locked 

to the onset of the event, and consistent in frequency. Identifi ed 

in the time-frequency domain, EEG responses to sensory sti-

mulation can be characterized by their latency, their frequency, 

their magnitude (often expressed as percentage relative to 

baseline) and their scalp distribution (20).  

To perform this time-frequency decomposition of EEG signals, 

several approaches have been proposed. At present, the conti-

nuous wavelet transform (CWT) is probably the most used, as it 

is particularly well-suited for the analysis of EEG signals. Indeed, 

by adapting the window width as a function of the estimated 

frequency, the CWT off ers an optimal compromise for time-

frequency resolution and is thus adequate for the evaluation of 

event-related modulations of the EEG spectrum within a wide 

range of frequencies (20). The CWT can be performed in two ways. 

First, it can be applied at the level of each single EEG epochs 

(CWT-SINGLE). Second, it can be applied to the ERP waveforms 

obtained by averaging signals in the time domain (CWT-AVERA-

GE). The CWT-SINGLE transform enhances the signal-to-noise 

ratio of all time-locked EEG responses, regardless of whether 

they are phase-locked to the onset of the stimulus, i.e. ERPs even 

when subject to a signifi cant amount of temporal jitter, ERS and 

ERD. In contrast, the CWT-AVERAGE average transform yields 

a time-frequency representation of the signals obtained using 

conventional time-domain averaging, and will thus contain only 

Figure 1. A). General view of the Olfactometer OM2s (Burghart Medical 

Technology, Wedel, Germany). B). Schematic diagram of the switching 

device of the constant airflow chemosensory stimulator. During the 

inter-stimulus interval, the subject’s nose receives odourless control 

air (C), whereas the odorized air (O) is directed to the vacuum line (V). 

During the stimulation period the odorized air (O) is directed to the out-

let of the stimulator, whereas the control air (C) is directed toward the 

vacuum line (V).

Figure 2. Olfactory chemosensory event-related potentials (ERPs) 

obtained using time-domain averaging in one healthy subject. 2-phe-

nylethanol (50% V/V) was used to activate olfactory afferents selectively. 

30 stimuli were presented, lasting 200 ms and separated by a 30-s inter-

stimulus interval. Three distinct peaks can be identified, maximal at the 

scalp vertex: P1 (250 ms), N1 (416 ms) and P2 (660 ms). (Adapted from 

Reference (7)).
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Figure 3. Phase-locked and non phase-locked event-related EEG responses to trigeminal (left panel) and olfactory (right panel) chemosensory stimu-

lation elicited in single subjects (electrode Cz). Gaseous CO
2
 (50% v/v) was used to selectively activate trigeminal afferents. 2-Phenylethanol (50%v/v) 

was used to selectively activate olfactory afferents. 60 stimuli were presented, lasting 200 ms (rising-time 20 ms), separated by a 30 s inter-stimulus 

interval. The upper panels show the time-domain average ERP waveform. Following trigeminal stimulation, three distinct peaks can be identified at 

the scalp vertex: P1 (284 ms), N1 (342 ms) and P2 (457 ms). In contrast, no clear ERP can be identified following olfactory stimulation. The middle pan-

els display the time-frequency representation of the phase-locked EEG responses contained in these average waveforms (CWT-AVERAGE transform). 

Signal increases and decreases relative to baseline (-400 - -100 ms relative to stimulus onset) are represented in yellow and red, respectively. Note 

that the trigeminal chemosensory ERP (black arrow) is mainly constituted of low-frequency activity centered between 1 and 8 Hz. Also note the lack 

of a clear EEG response following olfactory stimulation. The lower panels show the result of the time-frequency transform applied at the level of each 

single EEG epochs (CWT-SINGLE), thus revealing both phase-locked and non phase-locked stimulus-induced EEG changes.  Note that in addition to 

the phase-locked EEG response, the trigeminal stimulus also elicits non phase-locked EEG responses (white arrows), constituting of an increase of EEG 

power centered around 10 Hz, followed by desynchronization of alpha-band oscillations (grey arrow). Most importantly, note that the olfactory stimu-

lus elicits a marked long-lasting non phase-locked increase of EEG power (white arrow).

EEG responses that are consistently phase-locked to the stimulus. 

Therefore, EEG responses that are visible in both the CWT-SINGLE 

and CWT-AVERAGE can be considered as phase-locked; whereas 

activities that are visible only in the CWT-SINGLE can be conside-

red as non phase-locked (ERPs subject to jitter, ERS and ERD) (20).

Time-frequency analysis using CWT has no major limitations as 

compared to other EEG analyses. When estimating low frequen-

cies the CWT uses a wide window, resulting in a low temporal 

resolution but high-frequency resolution. However, at these low 

frequencies, the loss of temporal resolution is irrelevant because 

the latencies of low frequency are uncertain by defi nition (34). In 

contrast, when estimating high frequencies, the CWT uses a nar-

row window, resulting in high temporal resolution but low fre-
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quency resolution. However, at these high frequencies, the loss 

of frequency resolution is irrelevant because the frequencies 

composing short lasting changes are irrelevant by defi nition. 

As chemosensory stimuli may be subject to jitter and/or indu-

ced ERS or ERD, time-frequency analysis seems very interesting 

in the fi eld of chemosensory event-related potentials, to reveal 

events that are usually lost by classical time-domain averaging. 

Using local fi eld potentials (LFP) recordings performed in 

animals such as rodents, some authors have already studied 

oscillatory neuronal activity within the olfactory bulb (35) and 

olfactory cortex (36-38), in particular, oscillatory activities in the 

gamma band (> 40 Hz). These studies have shown that gamma 

oscillations occur in short bursts and possibly refl ect feedback 

interactions between excitatory and inhibitory neurons (35-38). 

They appear to be linked strongly to the inhalation cycle, being 

initiated at the end of the inhalation cycle and persisting into 

the expiratory period (39-41). The power of odour evoked gamma-

band oscillations has been shown to be associated with discri-

mination of similar odorants (42, 43).  

In humans, Jung et al., (44) studied olfactory-induced oscillations 

using intracerebral electrodes implanted in the amygdale for 

therapeutic purposes. They performed a time-frequency analysis 

of the recorded signals and showed that odorants induce oscil-

latory responses in this structure, both in the beta-band (15 - 25 

Hz) and in the gamma-band (25 - 35 Hz), hypothesized to play a 

role in the coding of olfactory information. Using non-invasive 

surface EEG, Masaoka et al., (45) reported inspiratory phase-loc-

ked alpha-band oscillations after the occurrence of an olfactory 

stimulus. However, these studies examined the frequency 

contents of the signals after time-domain averaging, which is 

likely to have largely canceled out non phase-locked ERS and 

ERD. Lorig and Randol (46) explored ERS and ERD following stimu-

lation with diff erent odorants. They didn’t use the CWT but the 

method described by Pfurtscheller (47). They showed that most 

electrophysiological diff erences between diff erent odorants oc-

curred 1.5 - 2.0 s following stimulation. Diff erences were found 

in the 12 - 15, 20 - 23 and 24 - 27 Hz bands. They also noted that 

low frequency activity (0.5 - 3 Hz) was found to diff er between 

chemosensory stimuli from 0.5 - 1.0s following stimulation. 

As illustrated in the following example, characterizing non 

phase-locked EEG responses to trigeminal and olfactory che-

mosensory stimulation using methods such as the continuous 

wavelet transform could prove very useful (Figure 3). In this 

example, time-frequency analysis was applied to both trigemi-

nal and olfactory responses recorded using scalp EEG in a single 

subject. Following trigeminal stimulation, the CWT-AVERAGE 

transform (which enhances only phase-locked EEG responses) 

shows a signal increase corresponding to the ERP. The CWT-

SINGLE transform (which enhances both phase-locked and non 

phase-locked EEG responses) reveals that in addition to the ERP, 

the trigeminal stimulus also elicits a non phase-locked increase 

(ERS) in EEG power at higher frequencies (9 - 15 Hz), followed by 

Figure 4. Increasing the signal-to-noise ratio of chemosensory ERPs using an Independent Component Analysis (ICA) to 

perform a blind source separation of non-cerebral electrical artifacts. The figure shows the olfactory chemosensory ERPs 

obtained at electrode Cz in one healthy subject before (dashed line) and after (continuous line) removing independent 

components capturing electro-ocular artifacts.
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a long lasting decrease of EEG power centered within the alpha-

band (ERD). As often observed, following olfactory stimulation, 

the CWT-AVERAGE transform does not reveal any consistent 

phase-locked EEG response. In contrast, the CWT-SINGLE trans-

form reveals a consistent increase in EEG power within the theta 

band (4 - 8 Hz), which could correspond to an ERP subject to a 

significant amount of temporal jitter. Furthermore, this increase 

of EEG power is followed by ERD occurring in the alpha-band.

Time-frequency analysis of EEG responses elicited by chemosen-

sory stimuli thus gives additional information in comparison to 

time-domain averaging by disclosing an important fraction of 

the cortical elicited activity that is usually lost by conventional 

time-domain averaging. This analysis allows the identification 

of an ERP even if affected by a significant amount of jitter. It also 

allows the identification, characterization and quantification of 

ERS and ERD, which reflect an increase or decrease in the syn-

chrony of underlying neuronal population. Since ERS and ERD 

reflect the processing of the sensory information, they may ap-

pear useful in the future to better understand neuronal proces-

sing of chemosensory information. Since this analysis provides 

information that is usually lost by time-domain averaging; it 

could increase the sensitivity and specificity of CSERP. Further 

studies should thus be realized to investigate the potential use 

of this technique in the clinical assessment of patients having an 

olfactory disorder.

Spatio-temporal filtering of chemosensory ERPs 

using independent component analysis

The EEG signal recorded on the scalp is often contaminated 

by non-cerebral electrical activity such as artifacts due to eye 

movements or heartbeat. Hence, the EEG may be viewed as the 

sum of several temporally overlapping and spatially distinct 

sources of cerebral and non-cerebral activities. Blind source 

separation algorithms are used in signal processing to reco-

ver independent sources from signals obtained from sensors 

that record a linear mixture of these sources. Therefore, these 

algorithms can be used to separate cerebral and non-cerebral 

activities contributing to the EEG, provided that these have a 

fixed scalp distribution. Independent component analysis (ICA) 

has been used successfully by a growing number of investi-

gators to unmix EEG signals into a single linear combination 

of independent components (ICs), each having a maximally 

independent time-course and a fixed scalp distribution. Applied 

to non-averaged multi-channel EEG recordings, the method has 

proven very efficient in isolating and removing non-neural ar-

tifacts such as artifacts related to eye blinks (48,49). More recently, 

the technique has also been used to separate spatially- and 

temporally-distinct components of ERPs (50,51).

As shown in Figure 4 blind source separation using ICA could be 

used to remove non-cerebral electrical artifacts contaminating 

chemosensory ERPs and, thereby, increase the signal-to-noise 

ration of the elicited responses. 

Event-related source imaging

It is generally agreed that EEG has a high temporal resolution 

but a poor spatial resolution, whereas techniques based on 

hemodynamic measures (e.g. BOLD fMRI) have a poor temporal 

resolution but a high spatial resolution (21). Although source 

analysis techniques are more appropriate to localize signals 

originating close to the scalp surface, several recent studies 

have suggested that EEG responses originating from deep brain 

structures can also be recorded and localized accurately (52,53). 

Source localization methods rely on mathematical models of 

the bio-electrical generators and the volume conductors within 

which they lie. The key limitation of these methods is that the 

inverse problem is highly underdetermined and some assump-

tions have to be made when solving it. Hence, the validity of the 

obtained source configurations is strongly conditioned by the 

validity of these assumptions (e.g. assumptions concerning the 

number of sources or their approximate location, etc.). Source 

analysis of CSERP is probably particularly problematic, not only 

because of the relatively deep location of the hypothesized 

sources, but also because multiple bilateral sources are thought 

to be simultaneously active, thus making it extremely difficult to 

draw significant conclusions. Nevertheless, using high-resoluti-

on EEG, some researchers have attempted to localize the cortical 

structures generating the different components of CSERPs (54, 

55). For example, in an attempt to provide information on the 

spatio-temporal sequence of information processing in the ol-

factory pathway, Lascano et al., (56) performed of source analysis 

of olfactory CSERPs, in which he suggested that olfactory input 

is processed first in the mesial and lateral temporal cortex of the 

hemisphere ipsilateral to the stimulated nostril, and only sub-

sequently in the corresponding structures of the contralateral 

hemisphere.

Conclusion

The recording of olfactory CSERPs constitutes a promising 

approach to explore the cortical processing of odours in hu-

mans. However, at present, the low signal-to-noise ratio of the 

obtained responses has constituted an important limitation. 

This low signal-to-noise ratio could be due, at least in part, to 

the fact that conventional time-domain averaging cancels out 

a significant fraction of the stimulus-evoked cortical activity, in 

particular, ERPs affected by temporal jitter, ERD and ERS. 

Recent signal-processing methods have been introduced (1) 

to reveal stimulus-induced EEG responses that are not phase-

locked to the stimulus, and (2) to increase the signal-to-noise 

ratio of the elicited responses using spatio-temporal filtering. 

Altogether, these new techniques could help to characterize 

better the cortical processing of odours in humans.
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