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Abstract

Background: The auditory processing impairments frequently observed in aphasia are being slowly clarified by using event-
related potentials (ERPs), a method that allows brain processes to be observed at high temporal resolution. Mismatch nega-
tivity (MMN) and the N2b amplitude reflect aspects of echoic memory, attention, and phonological representation. This study 
evaluates the auditory processing of speech and pure tones in an anomic aphasia subject 6 years after a stroke, and investigates 
whether ERPs can detect possible neurophysiologic sequelae after recovery and rehabilitation.

Material and methods: A recovered subject with anomic aphasia, 6 years post-stroke, was compared with 6 healthy controls. 
Event-related potentials (MMN, N1, N2b) were obtained during two auditory oddball paradigms, one using pure tones and 
the other consonant–vowel (CV) stimuli.

Results: When compared to healthy subjects, the anomic aphasia subject had reduced MMN amplitude across the frontocen-
tral electrode sites, particularly for speech stimuli. Average deviant waveform analysis revealed poor morphology of N2b to 
speech stimuli, which might relate to deficits in phonological representation.

Conclusions: In the presented case the neurophysiologic brain activity for processing of phonologic representations had not 
fully recovered 6 years post-stroke. MMN and N2b are highly sensitive ERPs for evaluating impairments in auditory process-
ing and can be registered in the absence of attention and with no task requirements, features which makes it particularly suit-
able for investigating aphasic subjects.

Keywords: mismatch negativity (MMN) • N2b • anomic aphasia • auditory processing

EL POTENCIAL DE DISPARIDAD Y EL COMPONENTE N2B CAUSADOS POR 
SONIDOS TONALES Y EL HABLA EN PERSONAS CON DISNOMIA: ESTUDIO DE CASO

Resumen

Introducción: La explicación de los trastornos observados a menudo de procesamiento auditivo se realiza por el uso de potencia-
les evocados (ERP), un método que permite observar los procesos cerebrales con alta resolución temporal. El potencial de dispa-
ridad o mismatch negativity (MMN) y la amplitud del componente N2b reflejan los aspectos de la memoria onomatopéyica, de la 
concentración de la atención y la representación fonológica. En el presente trabajo se ha evaluado el procesamiento del habla audi-
tivo y de sonidos tonales en personas con disnomia a los 6 años de la ictus y se ha buscado una respuesta a la pregunta si los po-
tenciales evocados pueden ayudar a encontrar posibles consecuencias neurofisiológicas después de reponerse o una rehabilitación.

Materiales y métodos: Los resultados de una persona con disnomia que hace 6 años tuvo ictus y después fue sometida a una 
terapia fueron comparados con los resultados de 6 personas sanas. Para conseguir potenciales evocados (MMN, N1, N2b) se 
aplicaron dos paradigmas, tipo odball, uno con sonidos tonales y el otro, con estímulos consonántico-vocales (CV).
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Resultados: En comparación con las personas sanas, la persona con disnomia tenía una amplitud del habla reducida. El aná-
lisis de desviación de la forma del potencial de la norma mostró una morfología N2b incorrecta en caso del estímulo del ha-
bla, lo cual puede estar relacionado con la falta de representación fonológica.

Conclusiones: En el caso presentado, a los 6 años de la ictus, la actividad cerebral neurofisiológica en el campo del procesamien-
to de la representación fonológica no volvió del todo al estado primitivo. Los potenciales MMN y N2b con un instrumento de 
evaluación muy sensible de los daños de procesamiento auditivo y pueden ser medidas con falta de concentración de la aten-
ción y sin necesidad de realizar ninguna tarea, estos rasgos son particularmente útiles en los exámenes de personas con afasia.

Palabras clave: potencial de disparidad (MMN) • N2b • disnomia • procesamiento auditivo

ВОЛНА НЕСООТВЕТСТВИЯ И КОМПОНЕНТА N2B, ВЫЗВАННАЯ 
ТОНАЛЬНЫМИ ЗВУКАМИ У ЛЮДЕЙ С ДИСНОМИЕЙ: КЕЙС-СТАДИ

Изложение

Введение: Выяснение часто наблюдаемых в случае афазии нарушенией слуховой обработки производится пу-
тем использования вызванных потенциалов (ERP) – метода, который позволяет следить мозговые процессы 
при высоком временном разрешении. Волна несоответствия (MMN) и амплитуда компонента N2b отражают 
аспекты звукоподражательной памяти, концентрации внимания и фонологической репрезентации. В настоя-
щей работе оценивалась слуховая обработка речи и тональные звуки у людей с дисномией спустя 6 лет после 
инсульта и искался ответ на вопрос, могут ли вызванные потенциалы помочь найти возможные нейропсихо-
логические последствия после выздоровления или реабилитации.

Материал и методы: Результаты человека с дисномией, который 6 лет назад перенес инсульт, а затем прошел 
терапию, сравнивались с результатами 6 здоровых людей. Для получения вызванных потенциалов (MMN, N1, 
N2b) были использованы две парадигмы типа oddball, одна с использованием тональных звуков, а другая – кон-
сонантно-сонантных импульсов (CV).

Результаты: В сравнении со здоровыми людьми, у человека с дисномией была пониженная амплитуда MMN в 
центральных передних локализациях электродов, особенно для импульса речи. Анализ отклонения формы вол-
ны от нормы показал неправильную морфологию N2b в случае импульса речи, что может быть связано с отсут-
ствием фонологической репрезентации.

Итоги: В представленном случае, спустя 6 лет после инсульта, не было полного возврата к прежнему состоя-
нию нейрофизиологической активности мозга в области обработки фонологических репрезентаций. Потенци-
алы MMN i N2b – это очень чувствительный инструмент оценки повреждений слуховой обработки и ини мо-
гут измеряться при нарушении концентрации внимания и без необходимости исполнения каких-либо заданий 
– эти качества являются особенно полезными при исследованиях людей с афазией.

Ключевые слова: волна несоответствия (MMN) • N2b • дисномия • слуховая обработка

FALA NIEZGODNOŚCI I KOMPONENTA N2B WYWOŁANE PRZEZ DŹWIĘKI 
TONALNE I MOWĘ U OSÓB Z DYSNOMIĄ: STUDIUM PRZYPADKU

Streszczenie

Wprowadzenie: Wyjaśnienie często zaobserwowanych w przypadku afazji zaburzeń przetwarzania słuchowego odbywa się po-
przez użycie potencjałów wywołanych (ERP) – metody, która pozwala na obserwowanie procesów mózgowych przy wysokiej 
rozdzielczości czasowej. Fala niezgodności (MMN) i amplituda komponenty N2b odzwierciedlają aspekty pamięci dźwięko-
naśladowczej, skupienia uwagi oraz reprezentacji fonologicznej. W niniejszej pracy oceniano słuchowe przetwarzanie mowy 
i dźwięków tonalnych u osoby z dysnomią 6 lat po udarze mózgu i szukano odpowiedzi na pytanie czy potencjały wywołane 
mogą pomóc w znalezieniu możliwych konsekwencji neurofizjologicznych po wyzdrowieniu lub rehabilitacji.

Materiał i metody: Wyniki osoby z dysnomią, która 6 lat temu miała udar mózgu, a następnie przeszła terapię były porówny-
wane z wynikami 6 zdrowych osób. Do uzyskania potencjałów wywołanych (MMN, N1, N2b) zastosowano dwa paradygmaty 
typu oddball, jeden z użyciem dźwięków tonalnych, a drugi – bodźców spółgłoskowo-samogłoskowych (CV).
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Background

Aphasia is an acquired communication disorder caused by 
a focal brain lesion, typically vascular damage from a stroke 
in the language-dominant cerebral hemisphere [1,2]. It is 
characterized by multimodal language impairment which 
may include speaking, understanding, reading, and writ-
ing [3,4]. Here we use the Boston Classification System 
[5], commonly used in clinical practice to classify disor-
ders according to a patient’s comprehension, fluency, nam-
ing, and repetition abilities. BCS includes Broca’s aphasia, 
transcortical motor aphasia, conduction aphasia, anomic 
aphasia, Wernicke’s aphasia, transcortical sensory aphasia, 
transcortical mixed aphasia, and global aphasia. In anomic 
aphasia, the lesion is often in the temporoparietal area and 
naming or word-finding problems are major features [5].

There are several studies of recovery in aphasic patients, 
especially using neuroimaging methods [6–9]. Although 
these techniques have high space resolution in locating 
the damaged area and on finding the loci of activated ar-
eas, they have a poor time resolution. This might be a lim-
itation if a clinician wants to assess neuronal processes or 
time-locked brain activities which require high temporal 
resolution, such as perception, attention, or echoic mem-
ory traces [10–12]. Electrophysiological methods, such as 
event-related potentials (ERPs), are a non-invasive tech-
nique that can be used to investigate temporal aspects of 
auditory discrimination using verbal and non-verbal stim-
uli, especially in cases having abnormal language function 
[13,14]. Although ERPs have been used to investigate lan-
guage processes since the 1980s [14–17], its clinical appli-
cation in aphasic patients has been minimal.

Few studies have used ERPs to investigate the correlation 
between different types of aphasia and different types of 
lesions, and how they change over time; in such a way, 
ERPs can provide a better understanding of the under-
lying processing and the reorganization involved in re-
covery, which can be used as a recovery index. However, 
most of the studies have focused on deficits in language 
production and there is only a sparse literature on audi-
tory receptive processing and phonological loops between 
language and working memory [18,19]. From the point of 
view of clinical research and applications, this area is par-
ticularly significant.

In this paper we elicited the mismatch negativity (MMN) 
[20,21] a change-specific component of the ERP which is 
considered to represent brain processes that form the bi-
ological substrate of central auditory perception, memo-
ry, and attention, using a post-rehabilitation case study of 

Wyniki: W porównaniu z osobami zdrowymi, osoba z dysnomią mała obniżoną amplitudę MMN w środkowoprzednich lo-
kalizacjach elektrod, szczególnie dla bodźca mowy. Analiza odchylenia kształtu fali od normy wykazała niepoprawną morfo-
logię N2b w przypadku bodźca mowy, co może wiązać się z brakiem reprezentacji fonologicznej.

Wnioski: W przedstawionym przypadku, 6 lat po odbytym udarze, neurofizjologiczna aktywność mózgu w zakresie przetwa-
rzania reprezentacji fonologicznych nie wróciła w pełni do poprzedniego stanu. Potencjały MMN i N2b są bardzo czułym na-
rzędziem oceny uszkodzeń przetwarzania słuchowego i mogą być mierzone przy braku skupienia uwagi i bez potrzeby wyko-
nywania jakichkolwiek zadań – te cechy są szczególnie przydatne przy badaniach osób z afazją.

Słowa kluczowe: fala niezgodności (MMN) • N2b • dysnomia • przetwarzanie słuchowe

anomic aphasia. The classical MMN is a fronto-central-
ly (Fpz, Fz, and Cz) negative component of the auditory 
event-related potentials (AERPs), usually peaking at 100–
250 ms from stimulus onset and positive at the mastoids. 
Its generators are mainly in the bilateral supratemporal 
cortices, with contributions from the frontal lobes, right 
parietal lobe [21–24], thalamus, and hippocampus (based 
on animal studies [24–28]). Currently, the MMN provides 
an objective measure of auditory perception and discrim-
ination reflecting short-term memory (sensory memo-
ry) and of echoic memory; the latter represents a repeti-
tive aspect of ongoing stimulation before a deviant event 
comes along, whereupon it fades within 5–10 s [23,29–31].

Although such a memory-based model is widely accept-
ed, there are different views concerning MMN generation 
and interpretation (examples are the adaptation model and 
the predictive model) [for a short overview see 32,33]. Af-
ter the incoming stimulus is detected, additional cognitive 
processes are required for classifying and categorizing it. 
For speech stimuli, the N2b subcomponent is particularly 
important for the study of phonological activation process-
es [34,35]. The N2b component seems particularly impor-
tant when considering Pulvermüller’s work which propos-
es that cell assemblies are organized in perisylvian cortices 
in order to recognize phonological word forms and create 
memory traces [36–38].

Using auditory oddball paradigms it has been shown that 
the MMN (elicited by frequency and duration changes) is 
attenuated in amplitude in patients with a left-hemispher-
ic stroke [14,40–42]. Furthermore, Ilvonen and colleagues 
[43] followed the recovery of eight left-hemisphere stroke 
patients: in the first 10 days the MMNs were quite small 
in amplitude for both duration and frequency changes; 
however, they became progressively larger, reaching nor-
mal amplitudes between 3 to 6 months after stroke, and 
with an improvement in speech-comprehension during the 
follow-up period. There are also some studies that elicit-
ed MMN with oddball speech sounds (synthesized vowels, 
syllables, or consonant–vowels), with a consistent pattern 
of MMN attenuation or absence [10,14,44,45].

The same question remains, however. In aphasia, which 
is impaired: language production or the perception of the 
acoustic features of speech? The main problem in answer-
ing this question is the difficulty in gathering a homoge-
nous experimental group, both in terms of type of apha-
sia and specific language function. Furthermore, what can 
electrophysiological measures, namely MMN and its un-
derlying components, tell us from successful post-rehabil-
itation cases? Compared to normal subjects, how do the 
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AERP components of an aphasic subject differ after their 
brain function has recovered?

We present a case study of an anomic aphasic subject after 
a successful post-stroke rehabilitation (successful from a 
cognitive and behavioral point of view). Our aim is to eval-
uate, using MMN and N2b, the automatic auditory recep-
tive processing of speech and non-speech stimuli in a type 
of aphasia that produces deficits mainly in language pro-
duction. In addition, we compare the MMN and N2b wave 
morphology using the classification of Zheng et al. [46], 
leading to a possible recovery index. The index might have 
clinical relevance as a measure of how neuronal responses 
associated with sound change detection are progressing.

Methods and procedures

We present a case study of a woman (age 46, with 12 years 
of Portuguese education) who 6 years ago had a left-hem-
isphere stroke involving the left middle cerebral artery. 
Shortly after the stroke she had Broca’s aphasia with ste-
reotypical hemiparesis and hemihypoesthesis (a reduction 
in sensitivity on the right side of the body), symptoms that 
can be due to damage to the thalamocortical fibers in the 
posterior limb of the internal capsule. She did speech and 
language therapy and evolved to an anomic aphasia. Cur-
rently, she presents a right hemihypoesthesis and an anom-
ic aphasia (naming of 11/16; auditory comprehension 8/8; 
repetition 27/30; level of fluency 4/5) [47]. She has made 
an excellent functional recovery with only a slight nam-
ing difficulty remaining, with an aphasia coefficient of 85% 
based on the Lisbon aphasia examination battery, which 
means a mild severity of aphasia. She has normal vision 
and hearing and a right-handedness laterality index of 85% 
corresponding to the 6th right decile [48].

There are different results between authors for MMN am-
plitude and latency, even when using the same or similar 
auditory oddball paradigms; normative data is also scarce. 
In order to make comparisons, six control subjects, all 
women, were selected for the study (mean age=30.6±5.12 
years; mean length of Portuguese education=14±2 years). 
All subjects were Portuguese native speakers, had normal 
hearing and normal or corrected-to-normal vision, and a 
mean right-handedness laterality index of 85.9%, corre-
sponding to the 6th right decile [48]. They all gave writ-
ten consent, after the nature and objective of the experi-
ment was explained to them. Institutional ethical clearance 
was obtained.

During the electroencephalographic (EEG) recording, 
participants were binaurally presented with two auditory 
oddball stimulation sequences of one block of pure tone 
(300 trials) and one block (300 trials) of consonant-vow-
el (CV) stimuli, each containing a stimulus onset asyn-
chrony (SOA) of 800 ms and a proximal sound level of 
75 dB SPL. In the pure-tone blocks, the standard stimu-
lus was a pure tone of 1000 Hz (100 ms duration, includ-
ing rise and fall time of 10 ms) replaced by a frequen-
cy deviant of 1100 Hz (same duration). Speech-stimuli 
blocks consisted of digitized (at 44.1 kHz) CV syllables 
of 175 ms duration spoken by a male native Portuguese 
voice. The standard phoneme was /ba/ and the deviant 
/pa/. These phonemes were selected due to the same place 

of articulation but different voicing, thus differing in the 
frequency domain [49,50]. In all single blocks, standard 
stimuli comprised 80% of all trials (240), while the devi-
ant stimuli comprised 20% (60 trials). Stimuli were pre-
sented using ASA software v4.0.6.8 (ANT, Neuronic S.A.) 
via closed headphones while the participants where com-
fortably seated in an armchair and instructed to keep alert 
with eyes open, to actively listen to the auditory stimuli, 
and to focus on a small cross in the center of a computer 
screen during recording. Each individual data collection 
took about 40 minutes.

EEG recording and data analysis

EEGs were recorded using a bio-amplifier recording de-
vice Refa32 (ANT, Neuronic S.A.). Recordings were ob-
tained from the following cup-shaped silver chloride (Ag-
AgCl) electrodes: Cz, Fz, Fpz, M1, M2, and Oz (ground). 
Electrodes were referenced to averaged ear lobes (A1 and 
A2). Impedance between the electrodes and skin did not 
exceed 10 kΩ. The quality of recordings was monitored 
during data acquisition and continuous EEG data were 
stored on a computer hard disk for off-line analysis and 
grand averaging. An electrode was attached above the right 
eye to monitor the electrooculogram (EOG). Sweeps with 
amplitudes exceeding ±70 μV in any channel except EOG 
were excluded. Trials with blinks, saccades, or compo-
nents that could be attributed to such artifacts (based on 
their topography and time course) were eliminated from 
the data for each subject before averaging [51]. The sam-
pling rate was 512 Hz for each channel and the record-
ing bandwidth was 0.05 to 100 Hz. Offline processing in-
cluded band-pass filtering [0.3–30 Hz], linear detrending, 
and a baseline correction (200 ms prior to stimulus onset, 
considering stimulus duration).

The first 10 sweeps of each epoch file were excluded from 
the averaging process to reduce ERP variation associat-
ed with the start of the stimulation sequence [14,52]. The 
MMN was determined from the Fz, Cz, and Fpz elec-
trodes and measured by separately computing difference 
waves obtained by subtracting the average standard-stim-
ulus response from the average deviant-stimulus response 
for each electrode and subject [53]. The mean amplitude 
analysis (that is, the mean voltage over the 50 ms period 
time window) was centered at the latency of largest neg-
ative peak for Fz, Cz, and Fpz and positive for mastoids, 
occurring between 100 and 250 ms.

Results

The difference waveforms derived from the pure-tone and 
speech CV paradigms for the control and the anomic apha-
sia subject are shown in Figure 1. Table 1 gives an over-
view of the MMN latency and amplitude results. Cohen’s 
effect sizes were obtained with a nonparametric Mann-
Whitney test z-value. The grand averages for the deviant 
waveforms from the CV paradigm are shown in Figure 2.

The largest mean MMN amplitude for the control group was 
found over Cz (mean=–5.19 µV; SD=1.6) with a mean la-
tency of 215 ms (SD=31.2) for speech stimuli. For the apha-
sic subject, the largest MMN amplitude was also for speech 
stimuli and over Cz (–2.28 µV) with a latency of 168 ms.
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Pure tones

Fpz

MMN
MMN

MMN
MMN

Fpz

Fz Fz

MMN

Control

Aphasia subject

MMN

–5 µV

0 100 ms 500 ms

5 µV

Cz Cz

CV

Figure 1. Grand average MMN difference waveforms (deviant minus standard) for pure tones and consonant–vowel (CV) 
paradigms for the anomic aphasia subject (dashed line) and the control group (solid line)
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In both conditions the control group had larger MMN am-
plitudes, particularly at Fz, achieving twice the amplitude 
of the aphasia subject with a large effect size [54]. For all 
subjects, speech stimuli elicited an enhanced MMN com-
parable to that from pure tones; however the aphasic sub-
ject revealed a slightly earlier MMN for speech stimuli at 
Fz, Cz, and absent at Fpz.

For control subjects, the MMN waveform morphology was 
of a similar pattern across frontocentral electrode sites for 
the pure-tone and speech conditions. The aphasic subject 
revealed a poor-moderately defined waveform, accord-
ing to the work of Zheng et al. [46]. Furthermore, the av-
erage deviant waveform for the consonant-vowel para-
digm was poorly defined in the aphasic subject, mainly 
the N2b component.

AA subject  Control group (mean/SD)

Tone MMN
µV/ms

Speech MMN
µV/ms

Tone MMN
µV/ms

Speech MMN
µV/ms

Fpz –1.62/170 --- –1.35 (0.7)/223 (46.1) –1.59* (0.5)/226 (43.6)

Fz –2.05/199 –1.85/148 –3.68* (1.1)/219 (18.4) –5.08* (1.7)/223 (32.2)

Cz –1.98/199 –2.28/168 –3.78 (1.1)/188 (24.8) –5.19* (1.6)/215 (31.2)

Table 1. Mean amplitude and peak latencies of the MMN wave in Fpz, Fz, and Cz, for the AA subject and the comparison 
group

AA – anomic aphasia; control group (n=5); μV – microvolts (amplitude); ms – milliseconds (latency); * large effect size 
[54], r>0.65 (>double absolute value); “---” – absent

Fpz

Fz

Control

Aphasia subject

N2b

N2b
N2b

–10 µV

0 100 ms 500 ms

10 µV

Cz

Cz

Figure 2. Grand average deviant waveforms for consonant-vowel (CV) paradigm for the anomic aphasia subject (dashed 
line) and the control group (solid line)
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Discussion

Case studies are criticized because the data collected can-
not necessarily be generalised to the wider population, and 
because it is also very difficult to conclude a definite cause/
effect. The presented case study was conducted to provide 
deeper design and more detailed analysis, and thus may be 
useful for stimulating further ideas and producing novel 
hypotheses which can be later tested.

The results of this case study suggest that the aphasic 
subject had a MMN to pure-tone and speech stimuli, al-
though with a poor–moderately defined waveform accord-
ing to the morphology classification of Zheng et al. [46]. 
Thus, with smaller amplitudes in Fz, Cz, and absent in Fpz 
compared to controls, this finding supports the literature 
which points to MMN as reflecting automatic processing 
of acoustic-phonetic input [17,20,39], possibly related to a 
low accuracy of behavioral discrimination of sound change 
[10,55] and phonological analysis [31,56].

Interestingly, our aphasic subject showed an earlier MMN 
under CV conditions, and this seems to be related to ERP 
subcomponents. Keeping in mind that shortly after her 
stroke the patient had Broca’s aphasia, Bird et al. [57] have 
indicated that this type of aphasia may also reflect a defi-
cit in phonological processing. More specifically, the anal-
ysis of the elicited deviant waveform revealed an absence 
of N2b or perhaps a fusion with N1 that was also dimin-
ished, which resulted in an early MMN compared to con-
trols. A difference in age between the aphasic participant 
and the control group did not bias the results considering 
the recent published N2 normative data [58]. In addition, 
N1 is suggested to reflect integrative processing of acoustic 
features of the incoming stream of speech [59], but not a 
neurological representation of phonemes. Any deviance to 
this stream will be detected by automatic attention mecha-
nisms being indexed by N2b [41,60]. In addition, Gow and 
Caplan [61] reported that phoneme discrimination used 
to investigate acoustic-phonetic processing always requires 
close attention. Our results support the findings of Petti-
grew et al. [14,17] in that aphasic subjects may demonstrate 
deficits in lexical processing at the attentional level due to 
a previously impaired phonological analysis. Interestingly, 
similar to Becker & Reinvang [34], we observed a reduced 
N1 in responses to both pure tones and CVs, but no sim-
ilar results concerning N2b reduction, even with both ac-
tive auditory oddball paradigms. A possible explanation 
might be that we are presenting one single case study, or 
N2b reduction to speech stimuli may be specifically relat-
ed to anomia, because none of the aphasic subjects from 
the study of Becker & Reinvang [34] were of the anomic 
aphasia type or had anomia as a neuropsychological defi-
cit. If so, N2b could represent the neurobiological substrate 
for the activation of phonological representation and cate-
gorization of speech elements, with this attentional trigger 
activation indexed by frontal MMN. However, only future 
studies with anomic subjects can confirm this hypothesis.

These amplitude reductions might be related to underly-
ing neuronal damage sequelae – in our case, this damage 
probably derives from thalamocortical fibers in the pos-
terior limb of the internal capsule, as revealed from the 
remaining hemihypoesthesis.

Hurley et al. [62] demonstrated a correlation between at-
rophy in posterior temporal areas and diminished N400 
mismatch potentials as a possible mechanism for anomia 
in subjects with primary progressive aphasia. In our case, 
the lesion was a left-hemisphere stroke, involving the left 
middle cerebral artery (known to emerge from the later-
al sulcus supplying frontal, temporal, and parietal areas). 
Considering the cell assembly model theory (for review 
see [17,36,63]), the perisylvian cortical neurons that pro-
cess word forms would be affected or damaged. Therefore, 
neurons left unaffected by the lesion will reflect an atten-
uated MMN response and poorly defined ERP compo-
nents in the average deviant waveform, mainly N2b. Fur-
thermore, Pulvermüller [64] has proposed an “ignition 
threshold” for the assembly neurons, and that non-acti-
vation is related to lesion severity. Therefore, the highly 
reduced N2b in our case might be related to a low igni-
tion threshold, resulting in weak internal connections be-
tween phonological and semantic information and giving 
rise to the subject’s naming difficulties. This seems to be 
consistent with new findings on perisylvian language net-
works [64–66] and the role of the arcuate fasciculus [67].

Finally, it is still not known what type of neurons or lay-
ers generate MMN, although it seems to follow the verti-
cal functional organization of the neocortex. However, it 
is known that MMN may reflect damage severity and so 
tracks the recovery of sound discrimination and the alle-
viation of aphasia after cortical stroke [43]. Thus, MMN 
may provide a promising tool in clinical practice for eval-
uating and monitoring the recovery of auditory discrim-
ination [21,68].

Several authors have already pointed to MMN as a recovery 
index. However, this discussion highlights the importance 
of using pure-tone and speech stimuli, as well as the analy-
sis of N1 and N2 components in the average deviant wave-
form under different conditions. In particular, N2b seems 
to indicate a very early initial difference between speech 
and non-speech sound processing and reflects processes 
of transient arousal triggered by unattended discrimina-
tion processes. Further experimental group studies, with 
different types of aphasia, may confirm the hypothesis.

Conclusions

In cases of sudden onset brain damage, cognitive and per-
ceptual deficits are initially quite severe. In stroke and oth-
er brain-injured patients it is important to determine the 
damage to neural networks involved in sound and speech 
perception soon after the damage occurs in order to moni-
tor spontaneous recovery and to delineate possible recom-
mendations for therapy. Unfortunately, such patients are 
often unable to cooperate or to understand instructions. 
The MMN can be registered in the absence of conscious 
attention and has no task requirements. From the point of 
view of clinical research and applications, this is signifi-
cant, and it makes the MMN particularly suitable for mon-
itoring aphasic subjects and predicting language recovery.

ERP components such as N1, N2b, and MMN seem to have 
high sensitivity in detecting acoustic-phonetic processing 
and phonological analysis deficits in aphasic patients, ei-
ther during the acute stage, after spontaneous recovery, or 
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following therapy. Further, these deficits seemed to be bet-
ter highlighted by a speech stimuli paradigm rather than 
by a non-speech paradigm, as seen in the MMN tone vs. 
speech results (Table 1).

The evaluation of the effectiveness of training and reha-
bilitation programs also highlights the importance of us-
ing the MMN as a recovery index, with expected ampli-
tude growth after therapy sessions. However, longitudinal 
studies are still required. The results of this case study in-
dicate that even 6 years after a stroke, neurophysiologic 

brain activity had not fully recovered. MMN seems to be 
a sensitive tool for detecting functional brain sequelae, es-
pecially using speech stimuli. Furthermore, it seems that 
N2b might be related to anomia, thus indexing cell as-
sembly disruption and impaired activation of phonolog-
ical representation processes which are the basis of this 
neuropsychological deficit, although further studies are 
required. The analysis of pre-attentive separate compo-
nents (N1, N2b, and MMN) might increase the reliabil-
ity and specificity of ERP measures as applied to clinical 
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