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Abstract

Background: auditory evoked potentialsin children with phonological disorder. Aim: to characterize the
long latency auditory evoked potentials (LLAEP) resultsN1, P2, N2 and P300 of children with phonological
disorder and to verify the improvement of such potentials with speech therapy. Method: 25 children
without phonological disorder (control group) and 41 with phonological disorder (study group) underwent
abasic audiological evaluation and LLAEP. The study group was divided into two subgroups: subgroupA
composed by 22 children, underwent 12 sessions of speech therapy and were submitted to audiological
retesting after this period, and subgroup B composed by 19 children, who were also reassessed three
months after theinitial testing. Results: statistically significant differences between groups for the P2 and
P300 |atenciesand P300 amplitude were observed. Comparison between thefirst and the second audiol ogical
assessmentsindicated no significant statistical differences between both subgroupsregarding wavelatencies.
However, a significant statistical difference was verified for the P300 (study subgroup A) and P2/N2
(study subgroup B) wave amplitudes. The study group presented higher percentage of atered resultsin the
P300; wave latency increase was the most frequent type of alteration. After speech therapy, the results
of al components improved, however, there was no association between the improvement of LLAEP
results with the background of otitis, as well as with the Percentage of Consonants Correct-Revised.
Conclusion: children with phonological disorder present altered P300 suggesting involvement of the
central auditory pathway, probably due to aterationsin the auditory processing, presenting improvement
in al components of LLAEP results after speech therapy.

Key Words: Auditory Evoked Potentials; Articulation Disorders; Language Therapy; Neuronal Plasticity.

Resumo

Tema: potenciais evocados auditivos em criangas com transtorno fonol6gico. Objetivo: caracterizar os
resultados dos Potenciais EvocadosAuditivosde Longa L aténcia (PEALL) N1, P2, N2 e P300 obtidosem
criangas com transtorno fonolégico, e verificar a evolucéo dos resultados destes potenciais frente a
terapiafonoaudiol 6gica. Método: foram avaliadas, por meio daavaliagéo audiol 6gicabasicaedos PEALL,
25 criangas sem transtorno fonol dgico (grupo controle) e 41 com transtorno fonolégico (grupo estudo),
estasdivididas em dois subgrupos: 22 formaram o subgrupo estudoA, que foram submetidasa 12 sessbesde
terapia fonoaudiol 6gica e reavaliadas audiol ogicamente ap0s este periodo e 19 o subgrupo estudo B, que
foramreavaliadas apéstrésmesesdaavaliacdoinicial. Resultados. observaram-se diferencas estati sticamente
significantes entre os grupos controle e estudo para as laténcias de P2 e P300 e amplitude do P300. Na
comparagdo entre as duas avaliagdes audiol 6gicas, ndo foram observadas diferencgas significantes paraas
laténcias em ambos os subgrupos, e verificou-se diferenca significante para as amplitudes do P300
(subgrupo estudo A) e do P2/N2 (subgrupo estudo B). O P300 apresentou maior porcentagem de resultados
aterados no grupo estudo, com predominio do aumento de laténcia. Apds terapia, observou-se melhora
nos resultados para todos os componentes. N&o existiu associagao entre a evolugdo dos resultados dos
PEALL e o histérico de otite, bem como correlagdo com o Percentage of Consonants Correct-Revised.
Conclusdo: criangas com transtorno fonoldgico apresentam alteracGes no P300, sugerindo alteragdo no
processamento auditivo, apresentando melhora nos resultados de todos os componentes dos PEALL
frente a terapia fonoaudiol 6gica.

Palavras-Chave: Potenciais Evocados Auditivos; Transtornos da Articulagdo; Terapia da Linguagem,;
Plasticidade Neuronal .
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Introduction

The phonological disorder is a difficulty in
speech characterized by inappropriate use of
sounds and different degrees of severity and
speechintelligibility (1).

In the literature, the investigation of long-
latency auditory evoked potentials (LLAEP) in
children with phonological disorder shows that
these children exhibit no alteration inthe Mismatch
Negativity (MMN); however, they do exhibit
changes in behavioral tests, suggesting the
existence of deficits in temporal or non-auditory
processing such as attention (2). It is noteworthy
that these children may exhihit alterations in the
values of latency and amplitude of the N2
component (3), as well as the latency values of
Brainstem Auditory Evoked Potential (BAEP) and
P300 - with ahigher occurrence of alterationsbeing
reported for the P300. It is also emphasized that
the Speech therapy can improve the outcome of
these potentials (4).

Therefore, the objective of this study was to
characterize the results of LLAEP obtained in
children with phonological disorder and to
investigate the development of the potential after
Speech therapy as well as to correlate the
development of potentials and the history of otitis
and severity of the phonological disorder.

Method

This research was approved by Cappesq HC
FMUSPwith protocol number 1360/06.

Sixty-six children between eight and 11 years of
age participated in this study. Twenty-five children
with no phonological disorder comprised the control
group (CG) - mean age = 8yearsand 11 months, SD =
11 months. Forty-one children with phonological
disorder comprised the study group (SG) - mean age
=9vyears, SD = 1 year and 1 month. Childrenfromthe
SG were divided into two subgroups: 22 were
submitted to Speech therapy (study subgroup A -
SEA); and 19 children were not submitted to speech
therapy (study subgroup B - SEB). Childrenfrom SEB
were onthewaiting list for the treatment.

TheABFW Child Language Test (5) wasused for
thesalection of children. The severity of thisdisorder
was determined by the Percentage of Consonants
Correct-Revised (PCC-R) (6).

The following procedures were performed to
ensure hearing thresholds between zero and 15 dB
HL at all tested frequencies: acoustic immittance
measures- middleear andyzer GSI-33 from Grason-
Sadler Inc., Milford, NH, USA; puretoneaudiometry,
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performed at frequencies from 250 to 8000 Hz and
speech audiometry - Grason-Stadler GSI-68
Audiometer and supra-aural ear phonesmodel TDH
50from TelephonicsCorp., Farmingdae, NY, USA.

TheLLAEP(N1, P2, N2 and P300) wererecorded
through the program EP317 of the 2-channel Portable
equipment model Traveler Express from Bio-logic
SystemsCorp., Mundelein, IL, USA. Theelectrodes
were placed at left and right mastoid (M2 and M1),
vertex (Cz), and forehead (Fpz). The electrode fixed
onmeastoid of thetested ear wasconsidered theactive
electrode. The electrode fixed at the vertex was
considered the reference electrode and the el ectrode
fixed on the forehead was considered the ground
electrode. The acoustic stimulus used was a tone
burst at 75 dB HL at frequenciesof 1000 Hz (frequent
stimulus) and 1500 Hz (rare stimulus). The acoustic
stimuli was presented monaurally and on arandom
order by the computer with display speed of 1.1
stimuli per second, analysiswindow of 512 ms, high-
pass filters of 30.00 Hz, low-pass of 1.00 Hz, and a
gainof 15000. Therare stimul usrepresented 20% of
thetota of 300 stimuli. The child wasoriented to pay
attention and to identify the rare stimuli by counting
aloud the number of timesthe rare event occurred.

LLAEP component analysis was performed by
thefirst author and by ajudge at different moments
in order to ensurethereiability of data.

For the quadlitative analysis, reference latency
valuesproposed intheliterature (7) - inmilliseconds
(ms) - wereused for theanaysisof latencies: N1=83-
135; P2=137-194; N2=200-280; P300=241-396.The
resultswere classified asnormal and altered for each
individua. Results were considered atered when at
least one ear was compromised. Alterations were
classified asincreased latency, no response, and both
(increased latency and no response occurred
concomitantly in the same subject).

For thequantitativeandysis, themaximum latency
value obtained for this parameter in thetotal sample
plus 25% of the variation was considered thelatency
value for children with no response for the
components (8). Thus, the stipulated latency values
(inms) were: N1=195and P2=270. TheN2 and P300
were present in all children tested. With respect to
amplitude, theminimumvaueof amplitudezerouV (8)
was adopted. It was not possible to classify the
results as normal and altered in cases of absence of
the component because there are no normativevaues
for the amplitude of the components analyzed.

The control group children were subjected to
only one audiological assessment (conventional and
electrophysiological hearing), while those from the
SG were submitted to assessment and reassessment.

Leite et al.
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After thefirst audiological assessment, the SEA
initiated weekly Speech therapy with 45 minutes of
total duration. Children from the SEA returned for
audiological reassessment after 12 sessions (this
range was established for inducing fewer absences
intherapy). Thetherapeutic model used was adapted
fromthemode of cycles, asproposedintheliterature
(9). Children of SEB underwent audiological
reassessment three months after the initial
assessment. This was to ensure that possible
improvementsin the LLAEP of children from SEA
were not related to the aspect of maturity.

It should be emphasized that the audiological
reassessment of SEA and SEB maintained al thesame
testing conditions established for thefirst assessment
such as day period, procedures sequence and
parameters.

Thedifferencesof latency and amplitude between
the first and second audiological assessments were
calculated for both groups. From this, the
devel opment of the results of the SEA LLAEP was
classified asimproved and not improved. The mean
differencesinlatenciesand amplitudesof the LLAEP
components of SEB were used as a parameter for
normal range (reference). Thecriteriaadopted for this
classification are described below:

. Improved: when thedifference obtained for the SEA
was higher than the average differencein theresults
obtained inthe SEB, in at least one ear;

. Not improved: when thedifference obtained for the
SEA wasequal to or lessthan the average difference
obtained in the SEB, in both ears.

These results were also used to study the
association between the LLAEP development and
history of otitisaswell asto analyze the correlation
between the LLAEP development and PCC-R in
childrenfromthe SEA.

The following tests were used on the statistical
anaysis. Mann-Whitney, Wilcoxon, Equdity of Two
Proportions, Chi-Square for Independence, and
Spearman correlation. Thesignificanceleve adopted
wasof p?0.05 (5%) for al tests.

Potenciais evocados auditivos de longa laténcia em criancas com transtorno fonolégico.

Results

In the between groups comparison of LLAEP
latencies and amplitudes (quantitative analysis),
there were statistically significant differences
between the groups for latency of components P2
and P300 and P300 amplitude (Table 1).

The increased latency was the most frequent
alteration observed in both groups for all
components studied.

There were no statistically significant
differences in the latency of the components
studied when comparing the results between
audiological assessment and reassessment of
SEA. A statistically significant difference was
observed only for the P300 amplitude (p = 0.039),
which average value was lower in the second
audiological evaluation (1st assessment = 17.97
MV and 2nd assessment = 13.83 V). As for the
SEB, there was statistically significant difference
only for the P2/N2 amplitude (p = 0.008), which
averagevauewashigher inthe second audiological
assessment (1st assessment = 6.90 uV and 2nd
assessment =8.13 uV).

In the analysis of LLAEP components
development of SEA, statistically significant
differences between the results classified as
improved and not improved were observed for both
latency and amplitude, with higher percentage of
improvement observed for all components studied
(Table3).

Statistically significant difference was
observed only for the latency of the N1 component
(p = 0.040) in the comparison of LLAEP
components of children with phonological
disorders with and without history of otitis.

There was no association between the
development of the N1, P2, N2 and P300
components (amplitude and latency) of children
of SEA and history of otitis, as well as a no
correlation between the devel opment of the LLAEP
components (latency and amplitude) and PCC-R
of childrenfrom SEA.
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TABLE 1. Comparison of latencies and amplitudesof N1, P2, N2 and P300 components between children with and without

phonologicd disorders (control and study groups).

Pré-Fono Revista de Atualizagéo Cientifica. 2010 out-dez;22(4).

Mean Median SD Q1 Q3 N Cl p-value
LLAEP
CG 119,7 105 32,7 96 144 50 91
N1 0,955
SG 1135 109 243 100 122 82 53
1754 176 369 159 194 50 10,2
P2 0,012*
iéi SG 159.,5 156 273 144 178 82 59
>
2
%’s CG 2443 244 26,7 225 264 50 74
- N2 0071
SG 2332 239 303 220 252 82 6,6
CG 326,8 326 40,1 309 340 50 11,1
P300 0,008*
SG 353,2 344 58,6 311 392 82 12,7
CG 494 447 347 2,09 7,02 50 0,96
N1/P2 0,148
SG 407 340 3,03 1,60 5,67 82 0,66
z
e CG 6,32 5,77 341 387 8,92 50 0,94
E P2/N2 0063
EQ SG 782 737 4,18 462 10,76 82 0,90
<
CG 16,66 16,28 7,98 10,55 21,69 50 2,21
P300 0,027
SG 13,48 12,91 558 948 17,34 82 1,21

564

Note: CG — contral group; SG — study group; SD — standard deviation; Q1 — first quartile; Q3 — third quartile; N — number of ears

tested; Cl-confidenceinterval * p-value —considered statistically significant

Leite et al.
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TABLE 2. Distribution of the occurrence of normal and abnor mal results for
the N1, P2, N2 and P300 component in the control and sudy groups

Control Group Study Group
p-value
N % N %
normal 15 60 31 756
0,181
N1  abnormal 10 40 10 244
p-value 0,157 <0,001*
normal 16 64 35 854
0,045*
P2 abnormal 9 36 6 14,6
p-value 0,048* <0,001*
normal 21 84 37 90,2
0,451
N2  abnormal 4 16 4 9,8
p-value <0,001* <0,001*
normal 22 88 27 659
0,046*
P300 abnormal 3 12 14 341
p-value <0,001* 0,004*

Note N — number of children tested; * p-vaue— consdered datistically significant

TABLE 3. Analysis of the development of latency and amplitude of components
N1, P2, N2 and P300 in children with phonological disorder submitted to Speech
therapy (study subgroup A)

Development I mproved Not improved p-value
(SEA) - ” N ”

Latency N1 20 90,9% 2 9,1% <0,001*

P2 19 864% 3  136%  <0,001*

N2 19 864% 3  136%  <0,001*

P300 15 682% 7  318% 0,016

NP2 15 682% 7  318% 0,016

Amplitude P2/N2 20 0% 2  91%  <0,001*

P300 17 773% 5  227%  <0,001*

Note: SEA — subgroup A of study; N — number of children tested

* p-vaue — congdered statistically significant

Discussion

Although the literature reports the presence of
changesintheN1, P2 and N2 LLAEP componentsin
children with language disorders (10,11) and N2 in
children with phonological disorders(3), suchresults
were not observed in the current study (Table 1).

Some authorsreported that children with specific
languageimpairment (SLI) exhibit amodification on
the morphology of components N1, P2 and N2,
indicating animmaturity of the auditory cortex (12).
Inthisstudy wefound ahigher percentage of normal
resultsfor thelatency of these componentsinthe SG,
suggesting that this measurement parameter is not

Potenciais evocados auditivos de longa laténcia em criancas com transtorno fonolégico.

the most suitable for such analysis. Future studies
should investigate the morphology of these
components in this population. Furthermore, these
findings may have occurred due to the fact that
phonological disorder has several correlated causes
©).

The P300 findings (Tables 1 and 2) corroborate
those of other studies reporting that children with
phonological disordershaveincreased mean latency,
higher percentage of abnormal resultsand increased
latency as the type of alteration most frequently
observed (4) . No studies that have analyzed the
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amplitude of this potentia in this population was
found in the literature.

Thehigher incidence of LLAEPimprovementin
SEA (Table 3) dlowsonetoraisethe hypothesisthat
changeshave occurred in the structural organization
and/or functioning of the central nervous system after
Speech intervention in children with phonological
disorders. Some authors have shown that children
attending Speech therapy exhibit improvement in
parameters of the P300 component (4,13). Other
studies also showed improvement in severa long
latency potential safter sometypeof auditory training
(14,15,16). Findly, the observed changesinthe LLAEP
components after Speech therapy suggest that the
practice of certain skills or frequent exposure to a
stimulus during the therapeutic process favors the
occurrence of neurond plasticity (17).

Studiesintheliteraturereport that otitiscan cause
changes in central auditory pathways (18,19,20).
However, evidence of this relationship was not
observed in the current study (the comparison of
LLAEP of childrenwith phonological disorderswith
andwithout history of otitisshowed no significance).
Thisfinding may be related to the manner which the
history of otitis was obtained in the current study:
parent reporting instead of specific audiological
evaduation (19,21).

Thisfact may also have contributed to thelack of
association between the development of LLAEP
components and history of otitis, besides the
hypothesis that the central auditory pathway
undergoes modifications facing the auditory
stimulation regardless of the presence or absence of
ahistory of atitis.

Likewise, there were no significant correlations
between development in latency and amplitude of
LLAEP componentsand the PCC-R of childrenwith
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