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ABSTRACT
Purpose: to verify the functioning of the outer hair cells and the medial efferent olivo-
cochlear system, and the integrity of the auditory pathways in the brainstem up to the 
auditory cortex, in aphasic individuals. 
Methods: the sample comprised 20 individuals – 10 without aphasia and 10 with it, 
aged from 21 to 58 years. The procedures used were the research of the otoacoustic 
emissions by a transient stimulus with and without noise, and the cognitive poten-
tial (tone-burst and speech stimuli). The findings were analyzed based on descriptive 
statistics. 
Results: the suppression effect was more present in individuals without aphasia when 
compared with the aphasic ones. In the cognitive potential, the mean latency values of 
P3 was within normality standards, with a higher latency in the individuals presented 
with aphasia for the tone-burst stimulus in both ears. A statistically significant differ-
ence of the P3-N2 amplitude was observed for the tone-burst stimulus, comparing the 
ears in both groups, and for speech stimulus only to the left ear in both groups. 
Conclusions: aphasic individuals did not present significant differences regarding sup-
pression of the otoacoustic emissions. As for the cognitive potential, the aphasic indi-
viduals presented higher latency values when compared to those with no aphasia.
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INTRODUCTION
Aphasia is a disturbance in the content, form and 

use of language, as well as in its underlying cognitive 
processes, such as perception and memory1. It is 
caused by an organic brain injury, usually on the left 
hemisphere, resulting from a series of triggering factors. 
The most common etiologies are stroke, metabolic 
diseases, aneurysms, head injuries, degenerative and 
demyelinating diseases, among others2.

The audiological assessment of an aphasic person 
requires greater attention from the examiner, as it can be 
difficult to obtain consistent answers due to the neuro-
logical sequela and the existence of associated motor 
impairments that can alter communication in general. 
Hence, the need for objective procedures is noted, 
since the disturbance in communication can hinder 
data interpretation in an audiological assessment3.

Individuals with the integrity of the auditory pathways 
present reduced amplitude of transient evoked 
otoacoustic emissions (TEOAE) responses when noise 
is presented simultaneously with the click stimulus – a 
phenomenon known as suppression. The suppression 
effect is verified by comparing the general response 
values in each ear in both the presence and absence of 
suppressor noise4,5.

Despite the shortage of studies investigating 
the suppression effect of otoacoustic emissions in 
aphasics, one6 stands out which did not verify any 
statistically significant difference between right and 
left ears, neither any advantage of the right ear for the 
general response values of the otoacoustic emissions 
with and without contralateral noise in a population of 
individuals with normal hearing and no neurological 
alterations.

In another study7, only the transient otoacoustic 
emissions were investigated in aphasic individuals, in 
which 44.2% of them presented the absence of TEOAE 
in one or more frequencies, either early detecting alter-
ation in the cochlea or confirming the already existing 
alteration.

Researchers have been investigating the cognitive 
potential in aphasics. A study8 noted the absence 
of cognitive potential response in seven aphasic 
individuals (58.3%), with higher latency and amplitude 
values observed when the stimulation was conducted 
in the left ear. The findings confirmed that a brain injury 
can change both the peripheral and central auditory 
pathway structures.

Another study9 also with the cognitive potential 
in aphasics revealed six individuals (64.7%) with the 

absence of the N2 and P3 waves. The other ones 
presented increased latency and reduced amplitude, 
which can be related to the fatigability aphasic 
individuals tend to present in situations requiring 
attention, as well as to the presence of injuries in 
language-related areas resulting from a stroke in the 
left hemisphere.

Thus, this study aimed to verify the functioning of 
the outer hair cells and the medial efferent olivoco-
chlear system, as well as the integrity of the auditory 
pathways in the brainstem up to the auditory cortex, in 
aphasic individuals.

METHODS
This is a cross-sectional, observational study 

conducted in the audiology and electrophysiology 
outpatient clinic of the Universidade Federal de São 
Paulo - UNIFESP, SP, Brazil, approved by the Research 
Ethics Committee of that institution, under protocols 
no. 385661 and no. 820216. The individuals selected 
signed the Informed Consent Form (ICF) in compliance 
with Resolution no. 466/2012.

A total of 20 individuals were assessed, aged from 
21 to 58 years, divided into two groups: study group 
(SG), comprising 10 individuals with aphasia, and 
control group (CG), comprising 10 individuals without 
neurological injury. The groups were matched for age 
and gender, with seven females and three males.

The aphasic individuals were selected from a list 
of patients being treated at the Acquired Neurological 
Disorders outpatient center of the speech-language-
hearing department of the Universidade Federal de 
São Paulo, who met the inclusion criterion of being 
diagnosed with aphasia. The inclusion criteria used for 
both groups (SG and CG) were as follows: the absence 
of psychiatric and neurological alterations, type A 
tympanometric curve10, auditory thresholds within 
limits of normality11 (≤ 25 dB HL) in 250 Hz to 4000 Hz 
frequencies bilaterally, and integrity of auditory pathway 
until the brainstem through the brainstem auditory 
evoked potentials (BAEP) neurological protocol12.

The electroacoustic assessment was composed 
of the research of the transient otoacoustic emissions 
and the suppression effect. They were carried out in a 
sound booth, with probes calibrated at the beginning of 
the assessment, using the ILO V6 Otodynamics brand 
equipment, attached to a portable microcomputer.

The TEOAE were analyzed through the observation 
of the following aspects: general reproducibility over 
70%, probe stability over 70%, and stimulus sound 
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pressure level between 75 and 85 dB peSPL. The 
criterion considered for the presence of response 
was when it occurred at 3 dB above the noise in the 
1-to-4-kHz frequency band13.

The otoacoustic emissions used to assess the 
presence of suppression effect was picked up in the 
presence of noise in the contralateral ear; the ear the 
test begun with was randomly chosen. The probes 
were placed in each of the person’s external acoustic 
meatuses; in one of the probes, the linear click stimuli 
were presented at 65 dB peSPL, and in the other one, 
the broadband noise (white noise) at 60 dBpeSPL14. 
The stimulus was presented in alternated blocks, with 
15 seconds of noiseless linear clicks and then 15 
seconds of linear clicks with contralateral noise, totaling 
260 registered stimuli per ear.

The OAE suppression was calculated by subtracting 
the response amplitude of the noiseless OAE from 
the response amplitude of the OAE with contralateral 
acoustic stimulation. The suppression effect was 
considered present when there was a reduction greater 
than 0.2 dB SPL in the general response (calculated 
by the equipment itself), as well as in the frequency 
bands14.

The electrophysiologic auditory assessment was 
conducted with the Smart EP equipment, manufac-
tured by Intelligent Hearing Systems (IHS). The 
auditory evoked potentials were picked up in an 
electrically protected, acoustically treated room. The 
individuals were comfortably seated in a reclining chair 
and instructed to get as relaxed as possible, avoiding 
movements especially of head and neck musculature, 
to avoid myogenic artifacts. The patients’ skin was 
cleaned with abrasive paste so that the electrodes 
could be fixed with electrolytic paste and adhesive 
tape, following Jasper’s15 proposal and under the 10-20 
system – i.e., an electrode on the vertex (Cz), one in 
each earlobe (A1 left, and A2 right), and one on the 
forehead, considering the ground electrode (Fpz). The 
electrodes immittance was measured so it would be 
below 5 kΩ (Kiloohm) with a maximum inter-electrode 
difference of 2 kΩ.

The acoustic stimuli were presented through the 
ER-3A insert earphone, fitted in the external acoustic 
meatus (EAM) with disposable foam plugs. The assess-
ments were carried out in a single two-hour session.

To obtain the cognitive potential, the auditory 
stimulus was binaurally presented according to the 
rare/frequent oddball paradigm. Tone-burst stimuli 

were used (1000 Hz frequency for the frequent stimulus, 
and 2000 Hz frequency for the rare stimulus), as well as 
complex stimuli (speech) (/da/ syllable for the frequent 
stimulus, and /ga/ syllable for the rare stimulus). A total 
of 300 stimuli was presented – 240 for the frequent 
stimulus and 60 for the rare one, in a  proportion of 80% 
for the frequent stimulus and 20% for the rare one. The 
intensity of the stimulus presentation was 70 dB HL, 
using alternating polarity, at the speed of 1.1 second, 
filter 1-30 Hz, and window of 600 ms.

The individuals were instructed to pay attention 
to the rare stimulus, counting how many times it 
appeared; this number was informed at the end of the 
test. Before beginning the signal pick-up, the individuals 
were trained for the task to ensure they understood the 
procedure and were familiar with the stimuli. Because 
of aphasia, some individuals were unable to count. 
In these cases, they were instructed to press as the 
examiner’s hand every time they perceived the rare 
stimulus.

Two waves were registered, one for the frequent 
stimulus and another for the rare one. The amplitude 
and latency values were obtained through identifying 
the waves in the peak of greater amplitude; N2 and P3 
were marked in the analyzed tracing, considering the 
subtraction of the frequent tracing from the rare one.

The latency and amplitude normality values of P3 
were analyzed according to the age groups16.

Statistical analysis
For the data analysis, the following statistical tests 

were applied: Mann-Whitney test, to compare the 
results between groups. Wilcoxon test, to compare the 
stimuli in each group, because the data was matched 
– i.e., the same subject served as research and 
comparison of themselves.

RESULTS
The mean age of the individuals who participated 

in the research was 35.5 years. Females represented a 
little more than half of the subjects (56%).

The OAE results with research of suppression 
effect in the individuals with and without aphasia are 
presented in Table 1, comparing them according to the 
side of the ear.

The amplitude response was reduced in the 
presence of noise. Only in the SG, there was a statisti-
cally significant difference verified between the ears in 
the OAE with and without noise (Table 1).
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Table 1. Comparison, between ears, of the amplitude of the otoacoustic emission in the research of suppression effect in individuals with 
and without aphasia 

Exam Ear Mean Median SD Q1 Q3 N CI P-value

OAE (CG)
Noiseless RE 10.2 9.7 6.6 4.9 14.2 10 4.1

p=0.722
LE 9.7 8.8 5.8 4.9 12.4 10 3.6

With noise RE 9.4 8.6 6.8 4.1 13.7 10 4.2
p=0.683

LE 9.2 8.0 5.6 5.1 11.8 10 3.5

Difference RE 0.82 0.60 0.73 0.40 0.88 10 0.46
p=0.384

LE 0.54 0.30 0.71 0.05 0.75 10 0.44

OAE (SG)
Noiseless RE 11.9 10.1 5.4 7.7 16.0 10 3.3

p<0.035*
LE 10.0 9.4 7.0 3.4 16.3 10 4.4

With noise RE 11.1 8.9 5.7 6.8 15.4 10 3.6
p<0.050*

LE 9.1 8.5 7.6 2.3 15.8 10 4.7

Difference RE 0.85 0.55 0.98 0.30 0.98 10 0.61
p=0.539

 LE 0.87 0.65 0.93 0.22 0.88 10 0.58

Legend: OAE – otoacoustic emissions, CG – control group, SG – study group, RE- right ear, LE- left ear, Q1 – first quartile (25%), Q3 – third quartile (75%),  
n – subjects, CI – Confidence Interval. Statistical test: Wilcoxon.

The occurrence of suppression of otoacoustic 
emissions in the control and study groups was noted, 
as seen in Table 2. The presence of suppression was 

more prevalent in both groups – 70% in the CG, and 
60% in the SG.

Table 2. The occurrence of suppression of otoacoustic emissions in the control group and study group (n=20)

Variables
Control Group Study Group

n % n %

Suppression OAE
Present 07 70 06 60
Absent 03 30 04 40

Total 10 100 10 100

Legend: OAE – otoacoustic emissions, n – number of subjects.

It is important to highlight that, for long-latency 
auditory evoked potentials (Tables 3 and 4), the results 
obtained from 18 individuals – nine without aphasia 
(CG), and nine aphasics (SG) – were analyzed. Two 
individuals were excluded because one of them, from 
the SG, did not attend the LLAEP pick-up session, even 
after repeated calls; hence, this person’s correspondent 
in the control group was also excluded for the number 
of subjects to remain balanced.

The results of the cognitive potentials with tone-burst 
and speech stimuli are verified in Table 3, represented 

by the latency values of N2 and P3 and P3 amplitude in 
the individuals with and without aphasia.

A statistically significant difference (p<0.015 and 
p<0.058) was observed in the P3 amplitude results for 
the tone-burst stimulus, comparing the groups for each 
ear. As for the speech stimulus, a statistically significant 
difference (p<0.038) was noted only for the left ear 
when the groups were compared (Table 3). Another 
result that stood out was that P3 amplitude presented 
lower values for the SG in both right and left ears, for 
tone-burst as well as speech stimuli.
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latency was higher in the control group in both ears. 
There was no statistically significant difference in the 
comparison between the ears and between types of 
potential eliciting stimuli (Table 4).

It is important to highlight that the P3 mean 
amplitude values in the control group was from 40% 
to 50% higher for both tone-burst and speech stimuli 
when compared to the study group.

The relationship between the potential eliciting 
stimuli for each ear and between the groups is 
presented in Table 4. No statistically significant 
difference was observed in any of the relationships. 
The mean value for cognitive potential latency (P300) 
was within normality standards, with higher latency in 
the study group for the tone-burst stimulus in both ears. 
As for the speech stimulus, the mean value for P300 

Table 3. Descriptive measures of N2 and P3 latencies and P3-N2 amplitudes with tone-burst stimulus and speech stimulus in individuals 
with aphasia (n=9) and without aphasia (n=9), comparing between ears  

Variable Ear Group Mean Median SD P-value

P300 with tone-burst stimulus

N2 latency

RE
CG 235.7 242 40.7

p=0.453
SG 221.9 226 40.1

LE
CG 242.7 259 39.4

p=0.133
SG 220 230 38.9

P3 latency

RE
CG 313.6 311 25.8

p=0.757
SG 318.1 313 40.7

LE
CG 312.7 308 22.2

p=0.270
SG 331.9 318 36.2

P3-N2 amplitude 

RE
CG 8.92 7.9 3.57

p<0.015*
SG 4.48 4.55 2.71

LE
CG 8.26 7.65 3.43

p<0.058*
SG 5.1 3.07 4.03

P300 with speech stimulus

N2 latency

RE
CG 230.4 225 36

p=0.596
SG 219.4 224 22.5

LE
CG 234.7 230 37.8

p=0.200
SG 216.1 214 22.3

P3 latency

RE
CG 326.3 330 39.8

p=0.210
SG 296.1 281 50.4

LE
CG 335.3 350 34.3

p=0.289
SG 306.7 278 51.8

P3-N2 amplitude

RE
CG 7.11 7.52 3.36

p=0.070
SG 4.2 3.65 2.96

LE
CG 7.29 7.01 3.27

p<0.038*
SG 4.4 3.69 2.57

Legend: μV = microvolts; N2 = N200; P3 = P300; N = sample size; SD = standard deviation; RE = right ear; LE = left ear; CG = control group; SG = study group. 
*significant values (p˂0.05). Statistical test: Wilcoxon.
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Table 4. Descriptive measures of P3 latency and P3-N2 amplitudes with tone-burst stimulus and speech stimulus in individuals with 
aphasia (n=9) and without aphasia (n=9), comparing the types of eliciting stimuli

Variable
Control Group Study Group

RE LE RE LE
Stimuli TB Speech TB Speech TB Speech TB Speech
P300 latency  
Mean 313.6 326.3 312.7 335.3 316.9 296.1 331.9 306.7
Median 311 330 308 350 310 281 318 278
Standard Deviation 25.8 39.8 22.2 34.3 43.3 50.4 36.2 51.8
P-value p=0.312 p=0.066 p=0.398 p=0.314
P3-N2 amplitude
Mean 8.92 7.11 8.26 7.29 4.48 4.2 5.1 4.4
Median 7.9 7.52 7.65 7.01 4.55 3.65 3.07 3.69
Standard Deviation 3.57 3.36 3.43 3.27 2.71 2.96 4.03 2.57
P-value p=0.110 p=0.515 p=0.767 p=0.953

Legend: RE = right ear; LE = left ear; TB – Tone-burst. *Significant values (p˂0.05). Statistical test: Mann-Whitney.

DISCUSSION
A stroke can affect the specific language-related 

areas of the brain, impairing the individual in their 
ability to communicate. Thus, a condition of aphasia 
is characterized, which can be present in one-third of 
the people who have had a stroke17,18. Accordingly, this 
study found stroke as the underlying disease in 90% of 
the individuals in the SG.

Considering the communication alterations and the 
possible cognitive alterations potentially caused by a 
stroke, this study analyzed the results of the functioning 
of both the peripheral and central auditory systems, 
highlighting that the hemisphere where the injury took 
place can interfere with the language affection in the 
aphasics.

In the TEOAE and suppression of the OAE, when 
comparing both ears, a statistically significant difference 
was observed between right and left ears in the OAE 
responses of the SG. Therefore, the ears differed in 
amplitude in the research both with and without noise 
(Table 1); greater amplitude was observed in the right 
ear in both conditions. These findings confirmed data 
from the literature, which described greater TEOAE 
amplitudes in the right ear, as well as in female 
individuals19,20. Hence, even with the neurological 
injury, the individuals of the SG had results similar to 
those observed in people without this alteration. As for 
the CG, no difference was observed between the ears 
in neither of the pick-up conditions.

Among the 10 aphasic individuals in the SG, four 
(40%) did not present suppression of the OAE in at least 
one of the ears, in comparison with three individuals 

(30%) in the CG (Table 2). Therefore, it was noted that 
the medial efferent olivocochlear system (MOCS) was 
functional in most of the SG individuals (60%) and the 
CG ones (70%), there being no differences between 
the groups for the suppression of TEOAE test. Hence, 
the research on suppression effect was not sensitive 
to distinguish individuals with and without aphasia; 
however, the reduced number of participants may have 
contributed to the absence of significant differences. 
In the literature consulted, no research involving the 
suppression effect in the aphasic population was found.

The efferent portion of the auditory pathways, 
assessed through the suppression effect, is related 
to the understanding of speech in the presence of 
competing noise. It is known that acquired neurological 
disorders such as stroke can have consequences on 
the peripheral and central auditory pathways, justifying 
the absence of suppression observed in the SG. As 
for the absence of suppression in the CG, it could be 
related to alterations in the central auditory processing, 
even without a confirmed injury. In this sense, a study21 
revealed that individuals with alteration in the central 
auditory processing who has impaired figure-ground 
and auditory closure skills can present alterations in 
the cochlear mechanism since in the presence of noise 
the inhibitory effect of the efferent pathway in the whole 
olivocochlear system is activated22.

When researching the cognitive potentials, mean P3 
latency values of 318.1 ms for the right ear and 331.9 ms 
for the left ear were observed in the SG with the tone-
burst stimulus (Table 3). These values are lower than 
those from another study8, which presented a mean P3 
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latency value of 369.7 ms, and yet another9, with mean 
P3 latency value of 383.1 ms. In this study, latency was 
higher for the left ear, which agrees with another study23, 
in which worse P3 latency and amplitude results were 
observed, always for the left ear, in aphasic individuals 
with left hemisphere injury caused by a stroke. Authors3 
suggested that the absence or alteration in P300 
response in aphasic individuals can be related to the 
linguistic alteration itself, with difficulties in the message 
decoding process.

Left temporal lobe injury also causes difficulties to 
understand speech, as well as alterations in speech 
production, evidenced by the alteration of the cognitive 
potential (P300) on the side of the injury24. Authors25 
referred that the individual with aphasia and cortical 
injury on the frontal left area presented P3 latency delay 
and increased P3 amplitude values on the right side, 
which justifies the presence of injury on the left cortical 
and subcortical structures.

Nonetheless, another study26 involving right 
hemisphere injury resulting from an ischemic stroke 
showed a statistically significant tendency between 
right and left ears for the research group, with an 
increase in P300 latency wave for the right ear (the side 
of the injury), revealing an impairment of this potential’s 
generating sites (subcortical and cortical areas) on 
the right hemisphere, which despite not being noticed 
by the person, could suggest a possible auditory 
hemineglect.

It is known that the recognition of verbal auditory 
stimuli depends on the left hemisphere and the 
nonverbal auditory stimuli are preferably processed 
by the right hemisphere in right-handed individuals27. 
Furthermore, it is known that the contralateral pathways 
are more predominant than the ipsilateral in the 
auditory afference. In this study, such differentiation 
was observed, as the decrease in the amplitude of P3 
took place in the study group in both ears, with the 
lowest value (4.2 µV) when the eliciting stimulus was 
speech to the right ear, and the highest value (5.1 µV) 
when the stimulus was tone-burst to the left ear (Table 
4). This corroborates a study28 that observed a mean P3 
amplitude value of 8.6 μV for the tone-burst stimulus, 
with greater amplitude to the left ear. Nevertheless, in 
this study higher mean values for TB stimulus were 
observed when compared with speech stimulus for 
both ears.

In this study (Table 4), when the potential was 
elicited with speech stimulus, lower latency and 

amplitude values were observed in the aphasic group 
in comparison with the control group; however, it is not 
justified that the individual with acquired neurological 
alteration present lower latencies than the control 
group since the cortical injury could lead to an increase 
in the time taken to process the information. It should 
be noted that the values observed for both groups are 
within normality standards, which expect great variation 
as the picked-up potential goes into the nervous 
system.

Concerning the amplitude, it can be inferred that 
fewer neurons were triggering synchronically to form 
the wave, which would be compatible with the central 
dysfunction resulting from the stroke.

The cognitive potential in individuals with acquired 
neurological alteration has already been investigated 
by many authors, as is the case of a study29 that 
evaluated the cognitive potential in individuals with mild 
traumatic brain injury and observed that 60% of the 
sample presented P3 latency within the expected.

A study30 observed P300 alteration in aphasic 
individuals, characterized by the absence of P3 and/or 
P3 wave latency delay, justifying that a brain injury can 
impair the cognitive processes, with a loss to attention, 
auditory discrimination and memory, and/or underlying 
language skills. This did not happen in this study, as 
the aphasic individuals did not present latency delay 
and there were no absent components. Nonetheless, 
it must be remembered that the normality standards 
for P3 are broad, between 225 and 427 ms for tone 
stimulus16, and that this component’s generating sites 
are not yet clearly defined, possibly reflecting the 
contribution of multiple generators. Considering the 
plasticity of the nervous system, different structures 
not necessarily involved in the primary injury may have 
contributed to generate the wave when this potential 
was picked up.

Therefore, it is made clear that there is need 
for further studies involving the assessment of the 
functioning of the medial efferent olivocochlear system 
(MOCS), as well as the electrophysiologic auditory 
assessment, surveying the relationship of the peripheral 
and central auditory system with communication altera-
tions and possible cognitive alterations in individuals 
with aphasia, separating them whenever possible 
according to the injury’s topodiagnosis and with more 
robust samples.
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CONCLUSION

Based on this study’s results, it is concluded that:
• there were no differences regarding the presence 

of otoacoustic emissions with and without noise 
in comparison with the groups with and without 
aphasia – i.e., the presence of suppression of the 
OAE was not different between the groups.

• in the cognitive potential with a tone-burst stimulus, 
the individuals with aphasia presented a decreased 
amplitude of P3 in their right ear, when compared 
with individuals with no aphasia.

• in the cognitive potential with speech stimulus, the 
individuals with aphasia presented a decreased 
amplitude of P3 in their left ear, when compared 
with individuals with no aphasia.

• individuals with and without aphasia presented 
latency of P3 within normality, both for the tone and 
the speech stimuli.
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