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Materials and Methods: This is a cross-sectional cohort study. Twenty-one individuals with reading
and writing disorders aged between 7 and 14 years were enrolled.

Results: All subjects had normal findings on ENT examination, audiological tests, and brainstem
auditory evoked potentials. The average P300 latency (334,25 ms) of all patients was picked as a
cutoff point to divide the subjects into two groups: group A with latencies above 335 ms, and group
B with latencies below 335 ms. Individuals in group A underwent SSW and speech-in-noise testing.

Conclusion: Altered results in the SSW and speech-in-noise tests suggestive of APD were found
in the group of individuals with reading and writing disorders with P300 latencies above 335 ms.
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INTRODUCTION

Children with learning disorders are often re-
ferred to otorhinolaryngologists by schools, speech
and hearing therapists, pedagogues, psychologists,
pediatricians, and pediatric neurologists to have their
hearing assessed and find whether some form of hear-
ing loss is compromising their performance at school.

The assessment usually comprises an interview,
otoscopic examination, and peripheral auditory path-
way testing (pure-tone audiometry, speech discrimina-
tion and acoustic impedance testing) and results are
mostly within normal ranges. Thus, learning disorders
are not associated with hearing loss.

Good hearing depends on the integrity of the
auditory pathways together with the entire auditory
system, from the outer ear to the cortex.

Quality of hearing can only be assessed when
auditory processing disorder (APD) manifestations are
analyzed through a set of specific tests that look into
central auditory function.

The investigation includes data on family his-
tory, otoscopic examination, peripheral auditory path-
way testing, and seldom-performed central auditory
pathway tests such as auditory potential and cognitive
evoked potential (P300) tests.

Speech recognition disorders magnify language
development disorders and affect the development
of school skills'. Learning and auditory processing
disorders are frequently found in classrooms?.

The first studies on central auditory disorders
to draw attention to the use of devices to modify or
distort verbal messages to diagnose central deafness
were published by Booca et al.?. After being detected
in the inner ear, sound goes through a series of physi-
ological and cognitive processes to be decoded and
comprehended*.

Kimura® uses staggered spondaic word tests
to assess central auditory system function in patients
with known injuries to relate the difficulties report-
ed by the patients to the site of injury in the central
nervous system.

Central auditory function integrity is often as-
sessed through the Staggered Spondaic Word (SSW)
test designed by Katz® to elicit complex responses
and provide qualitative and quantitative bases for
hearing analysis. This test uses binaural material
and two types of auditory tasks, non-competitive or
diotic and competitive or dichotic. Non-competitive

tasks present equal simultaneous tones to both ears,
while competitive tasks present two different tones at
the same time, one to each ear’. Machado' adapted
the test for the Portuguese language, but due to the
relative scarcity of spondaic words in our language
they were replaced by grammatical locutions, short
phrases, and slang to validate the Portuguese version
of the SSW test.

Central auditory hearing loss in children is also
verified through the speech-in-noise test. This test
compares the subject’s speech-in-noise recognition
levels of both ears by presenting one-syllable and two-
syllable words at various degrees of noise intensity.

The P300 cognitive evoked potential electro-
physiological test presents a long latency positive
potential generated in the auditory association areas
about 300 ms after the presentation of a tone. This
test reflects the subject’s cognitive skill level and
verifies whether disorders are present in the auditory
association cortex.

This electrophysiological test can be performed
to objectively assess the integrity of the cortical au-
ditory pathways. The P300 component can be ob-
tained for a series of stimulation conditions in which
individuals are asked to process relevant task-related
information. When individuals are able to consciously
recognize the occurrence of a change in the tones - an
odd tone played after a series of other tones following
a pattern - a broad positive component is generated
with a latency of approximately 300 ms®’.

The use of the P300 test in adults and children
lacks standardization to account for the different levels
of development of their central auditory systems, and is
still not part of the medical research protocol adopted
to study learning disorders and attention deficit. How-
ever, it has been considered useful in the studies on
memory disorders, sequential information processing,
and decision making’.

Peripheral auditory function is usually normal in
cases of auditory processing disorder. Consequently,
traditional peripheral auditory function assessment
brings little or no information on central auditory
perception.

Children with learning, reading, language acqui-
sition, attention, and hyperactivity disorders may pres-
ent altered results in auditory processing (AP) tests'’.

This paper aims to identify whether a group of
individuals with writing and reading disorders pre-
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senting above-the-average P300 latencies also have
staggered spondaic word (SSW) and speech-in-noise
test results suggestive of auditory processing disorder.

MATERIALS AND METHODS

This is a contemporary cross-sectional cohort
study.

This study was approved by the Human Medical
Research Ethics Committee and given permit number
249.053/2000-08, BANPESQ n? 20006692; it complies
with the standards set in Resolution 196/96 from the
Ministry of Health.

Twenty-one individuals aged between 7 and 14
years were enrolled in the study. Twelve (57.1%) were
males and nine (42.9%) were females.

The subjects were assessed by a multidisci-
plinary team (pediatric neurologist, pedagogue, psy-
chologist, linguist, and speech and hearing therapist)
under the diagnostic assumption of specific reading
and writing disorder (letter inversions, problems
with left-to-right orientation, dysgraphia, dyslexia,
dysorthography), along with attention deficit and hy-
peractivity disorder, as compounded factors leading
to learning disorder. Individuals who failed to pass
school years were enrolled.

Enrollment criteria included: referral to the
ENT ward, normal ENT assessment, normal pure-
tone thresholds, acoustic impedance measurements
showing A-shaped tympanograms, static compliance
within normal range, present acoustic reflexes, and
preserved auditory pathways as verified by brainstem
evoked auditory potential testing.

Cognitive evoked potential tests were done
using a NIHON KODEN Neuropack 2 device with
electrodes connected to the following sites: forehead
— ground (Fpz), vertex (Cz) — both in the middle line
and ipsilateral (A1) and contralateral (A2) earlobes.
The subjects were advised to hear two tones in dif-
ferent frequencies (750 Hz and 2000 Hz), one played
more often than the other in a 4:1 ratio at 70 dBNA,
and listen for the rarer tone (2000 Hz). Tones were
presented in a binaural fashion and responses to fre-
quent and rare tones were measured separately. P300
is an endogenous potential that occurs approximately
300 ms after the tone is played. It may be bimodal and
present two peaks (“a” and “b”), “a” being apparently
of frontal origin and occurring some 275 ms after the

tone is played, and “b” with parietal representation
occurring some 300 ms after the tone is played®.
Subjects with both peaks had peak “b” considered in
their assessment.

Groups were divided based on the P300 results.
A cutoff point of 335 ms was picked, as the average
P300 for the right and left ears of the 21 individuals
enrolled in the study was 334.25 milliseconds. Ten
individuals with P300 latency above 335 ms were
included in group A, while 11 individuals with P300
latencies under 335 ms on both sides were placed in
group B.

Table 1 presents a description of groups A and
B containing individuals with reading and writing
disorders based on P300 cognitive evoked tests.

Table 1. Average P300 for groups A and B — RE and LE.

A A B B
P300 - RE P300 - LE P300 - RE P300 - LE
314 338 304 309
342 329 303 318
380 385 267 270
427 416 287 330
428 396 279 279
348 345 331 331
384 384 317 314
387 407 301 301
340 328 309 297
314 339 318 307

279 292
366.4 366.7 299.5 304.4

RE - right ear; LE — left ear.

The data gathered for groups A and B were
statistically treated through the Wilcoxon test to allow
the analysis of the differences in latency between right
and left ears in each group; the Mann-Whitney test
was used to analyze the latency differences between
groups A and B for both ears, and the average P300
latency found for each ear in each group and between
groups.

Individuals with P300 latencies greater than
335 ms were piked to undergo speech-in-noise and
SSW testing.

Speech-in-noise and SSW tests were carried out
in a soundproof booth using a two-channel MAICO
KS5 audiometer; a CD containing Auditory Process-
ing'!' tests was played.
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Speech-in-noise tests were done at signal/noise
ratios of 0 dB, -10 dB and — 20 dB in contralateral
presentation, and test intensity was based on the au-
diogram averages at 500 Hz, 1 kHz and 2 kHz, +40
dB, with white noise at the same level. Percent values
were captured, and results were considered normal
for subjects getting at least 80% of right answers on
each list.

SSW tests were performed at 50 dBNS,
above the average of 500 Hz, 1 kHz and 2 kHz. The
method developed by Katz® was used to standardize
test scores.

RESULTS

The Wilcoxon and Mann-Whitney tests were
used in the statistical treatment given to P300 latency
data sets. Average P300 latency was also calculated.
In-group P300 wave latencies of right and left ears
were compared, as were the latencies found in groups
A and B.

The Wilcoxon test showed no statistical diffe-
rence in the right and left ear latencies in members
of the same group. The Mann-Whitney test revealed
statistical difference between the latencies observed
in groups A and B for both ears.

Statistically significant differences were see
when the P300 latency average was used as a cuto-
ff to separate groups A and B. Subjects in group A
averaged 306.4 ms on right-ear latency and 366.7 ms
on left-ear latency, and had a combined average of
366.5 ms. Group B members averaged 299.5 ms on
right-ear latency and 304.4 ms on left-ear latency, and
had a combined average of 301.9 ms. No significant
differences were found when ears within the same
group were compared for P300 latency.

This study did not aim at studying P300 wave
amplitudes, thus we may state that values ranged
between 1.7 and 20uV'? as seen in the literature, re-
gardless of the group the subject belonged to. P300
studies done on similar populations do not use P300
amplitude as a parameter in clinically differentiating
groups™, and consider latency as a more important
parameter to analyze results'*!°.

Test results were analyzed based on the percent
occurrence of speech-in-noise and SSW test outcomes.

In speech-in-noise tests the ipsilateral and con-
tralateral messages were elicited at signal/noise ratios

of -10/0 dB and -20/0 dB for spoken messages. One
(10%) of the selected individuals did not do the test.
Seven (70%) subjects had hearing disorders according
to the test, specifically in what concerns selective atten-
tion and auditory closure. Two (20%) individuals had
normal latencies inconsistent with hearing disorder.

Three (42%) of the seven subjects with speech-
in-noise findings consistent with auditory disorder had
higher levels of involvement in the right ear, while
two (29%) had worse test results in their left ears, and
two (29%) had both ears equally involved.

The interpretation of SSW test results indicated
that seven (70%) individuals had severe APD, two
(20%) had moderate APD, and one (10%) had mild
APD.

The classification for APD indicates that
the compromised auditory skills revealed in the tests
pointed to altered decoding, encoding, and organiza-
tion capabilities.

Ten of the 21 individuals tested in our study
had P300 latencies above 335 ms and were submitted
to speech-in-noise and SSW testing. Seven (70%) of
these 10 individuals had test results consistent with
hearing disorder in the speech-in-noise test, and the
same ten (100%) had test results consistent with AP
disorder in the SSW test.

Test result analysis indicated that the subject
with the worst P300 latency average for both ears
(421.5 ms) also had the worst score in the speech-in-
noise test. This subject had test results consistent with
auditory disorder, equal involvement of both ears, and
SSW findings suggestive of severe APD.

The opposite was found in relation to the sub-
ject with the best P300 latency average (326.5 ms):
both ears performed equally in the speech-in-noise
test and no central auditory disorder was identified,
while SSW findings were suggestive of mild APD.

P300 test results were suggestive of APD starting
from 335 ms. However, as individuals with below-the-
average P300 were not tested, it is not clear whether
group B test results would be any better. All indi-
viduals with latency above 335 ms had altered SSW
test results and 70% of them had speech-in-noise test
results consistent with APD. No statistical differences
were found in relation to the ear to which 2000-kHz
tones were presented. Statistically significant differ-
ence was seen in P300 wave latencies between groups
A (latencies above 335 ms) and B (below 335 ms).
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DISCUSSION

The individuals enrolled in this study diagnosed
with specific reading and writing disorder had the
same social-economic and cultural status, as these
variables could affect some AP skills, as in order to be
successful at school one needs to be able to properly
process auditory information!>1¢.

Pure-tone audiometry and acoustic imped-
ance tests were carried out to rule out the presence
of outer, middle, and inner ear disorders that could
affect the results of cognitive evoked potential, SSW,
and speech-in-noise tests.

The purpose of this paper was to identify
whether a group of individuals with reading and writ-
ing disorders and above-the-average (334.25 ms) P300
latencies also had altered SSW and speech-in-noise test
results consistent with auditory processing disorder.
Therefore, these tests were not offered to all enrolled
individuals. The Mann-Whitney test revealed latency
differences between groups A (average 366.5 ms) and
B (average 301.9 ms).

Auditory processing refers to how effectively
and efficiently the central auditory nervous system
utilizes auditory information', i.e., AP conjoins a series
of specific skills individuals depend on to understand
what they hear. This study indicates that individuals
with normal pure-tone audiometry test results claiming
they are able to hear but not to understand what they
hear should undergo specific AP testing, once auditory
processing is a cerebral function studied as a multidi-
mensional response to stimuli presented through the
auditory pathways®.

Studies done on P300 results of patients with
injury in auditory areas of the brain have indicated
that P300 latencies and amplitudes were significantly
different in patients with injured auditory areas when
compared to normal control group subjects'®.

P300 is a cognitive endogenous potential, as it
reflects the functional use subjects make of auditory
stimuli, regardless of the subject’s physical character-
istics. This study covered 21 patients aged between
7 and 14 years with an P3 wave average latency of
334.25 ms. A study done with 20 healthy young adults
showed a P3 wave average latency of 310.92 ms.
Latency and amplitude values varied considerably in
the studied population®.

All subjects included in our study com-
plained of poor school performance. Individuals in

group A had greater P300 latencies and presented
altered SSW and speech-in-noise test results, as also
seen in studies on P300 results in children without
signs of APD and children diagnosed with APD, in
which longer latencies were observed in the group
of children with APD**%.

Significant variability was seen in P300 results,
and individuals with lower latency also performed
better in AP tests®.

We agree with the explanation provided by
Aquino et al.* in that latencies above normal could
be due to neuronal immaturity, given up to the age
of 15 latencies tend to diminish. Conversely, P300
latencies above normal levels are indicative of out-of-
the-norm cognitive processing. Studies have shown
that ADHD patients have greater latencies and lower
P300 amplitudes when compared to control subjects,
possibly due to the presence of less mature central
auditory pathways®.

P300 allows the assessment of how long it
takes for sound to be perceived and interpreted by
the auditory cortex and to identify individuals with
cognitive disorders. Despite its low specificity, P300
may be used both to assess and follow up subjects
with cognitive disorders.

This study and others done on children with
learning disorders used speech-in-noise and SSW
tests to reveal the presence of auditory disorders and
compromised hearing skills”, the latter also reflected
on P300%%.

Electrophysiological tests (P300) were proven
more sensitive but are non-specific, while SSW and
speech-in-noise tests for APD were more specific and
relevant in defining the proper speech and hearing
therapy to be offered to subjects with altered auditory
skillg?430:31,

APD has been frequently seen as the cause
for learning disorders. A multidisciplinary approach
is required to assess the integrity of the perceptual,
linguistic, and cognitive systems'®#*%. The differential
diagnosis must include disorders such as attention
deficit hyperactivity disorder (ADHD), language dis-
orders, reading and writing disorders, learning disor-
ders, psychical disorders, and mild mental disease, as
they may be confused with AP alterations and these
disorders may coexist*.

AP behavioral assessment assists in the diagnosis
as it reveals the impaired auditory skills and is useful in
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following up the development of individuals enrolled
in speech and hearing rehabilitation programs*. Ad-
ditionally, it allows for the assessment of outcomes
before and after rehab. This point is better illustrated
with a case®, in which clear goals concerning the
impaired skills were devised after objective and be-
havioral testing. AP test result analysis enabled the
development of a comprehensive strategy to cover
individual specific goals. The process was managed by
a trained expert, included orientation to the subject’s
family and teachers, and offered adequate therapy to
address the individual’s auditory impairments. Proper
auditory training led to improved medical test results,
more satisfactory performance levels at school, and
better engagement with the family, showing that im-
provement after auditory training is related to changes
in the central auditory nervous system.

P300 cognitive evoked potentials offer signifi-
cant screening capabilities in the selection of individu-
als requiring behavioral testing and assessment of
specific auditory skills for the purposes of developing
targeted rehabilitation programs. This system may also
be used for individuals with multiple defects for whom
AP improvements might positively affect their atten-
tion, focus, learning experience, and level of activity.

CONCLUSION

This study revealed that individuals with writing
and reading disorders with P300 latencies above 335
ms had altered results in staggered spondaic word
(SSW) and speech-in-noise tests suggestive of auditory
processing disorders.

REFERENCES

1. Machado SF. O Teste SSW: avaliacio e aplicacao de um ins-
trumento no estudo da avaliacao da percepciao da fala [Tese
de doutorado]. Sao Paulo: Pontificia Universidade Catolica
de Sao Paulo; 1993.

2. Katz J, Wilde L. Distarbios da percepcao Auditiva em Criangas.
In: Katz J. Tratado de Audiologia Clinica. Sao Paulo: Manole;
1989. p.674-98.

3. Bocca E, Calearo C, Cassinari V. A new method for tes-
ting hearing in temporal lobe tumors. Acta Otolaryngol.
1954;44:219-21.

4. Ramos BD, Alvarez AM, Sanchez ML. Neuroaudiologia e
processamento auditivo: novos paradigmas. RBM Rev Bras
Med. 2007;2(2):51-8.

5. Kimura D. Some effects of temporal-lobe damage on auditory
perception. Can J Psychol. 1961;15:156-65.

6. Katz J. The use of staggered spondaic words for assessing the
integrity of the central auditory nervous system. J Aud Res.
1962;2:327-37.

7. Lukas RA, Lukas JG. Testes de palavras espondaicas. In: Katz
J. Tratado de Audiologia Clinica. Sao Paulo: Manole; 1989.
p.387-407.

8. Mendel M. Potenciais auditivos evocados: potenciais médio
e tardio. In: Katz J. Tratado de Audiologia Clinica. Sao Paulo:
Manole; 1989. p.574-88.

9. McPherson DL. Late potentials of the auditory system. San
Diego: Singular Publishing Group; 1996. p.7-46.

10. Cacace AT, McFarland DJ. Central auditory processing disorder
in school-aged children: a critical review. J Speech Lang Hear
Res. 1998;41(2):355-73.

11. Pereira LD, Schochat E. Processamento auditivo central: ma-
nual de avaliacio. 1a ed. Sao Paulo: Lovise; 1997. p.49-55.

12. Reis ACMB, Lorio MCM. P300 em sujeitos com perda auditiva.
Pré-Fono R Atual Cient. 2007;19(1):113-22.

13. Brayner ICS. Aplicacao do paradigma auditivo “Oddball” no
estudo do P300: normatizacao para faixa etdria de 7-14 anos e
avaliacao de criancas com dificuldade de aprendizagem com
e sem transtorno de déficit de atencao/hiperatividade [Disser-
tacao]. Campinas: Universidade Estadual de Campinas; 2003.

14.Schochat E, Scheuer CI, Andrade ER. ABR and auditory
P300 findings in children with ADHD. Arq Neuropsiquiatr.
2002;60(3B):742-7.

15. Visioli-Melo JF, Rotta NT. Avaliacio pelo P300 de crian¢as com
e sem epilepsia e rendimento escolar. Arq Neuropsiquiatr.
2000;58(2B):476-84.

16. Almeida C, Lopes C, Macedo L, Gadel M, Costa M, Pereira L.
Influéncia do nivel s6cio-econdémico e cultural da estimulacao
auditiva nas habilidades do processamento auditivo central.
Fono Atual. 1997. 1:12-7.

17. American Speech-Language-Hearing Association. (Central)
Auditory Processing Disorders. Working Group on Auditory
Processing Disorders.2005.p.1-19.http://www.asha.org/mem-
bers/deskref-journals/deskref/default.

18.Musiek FE, Baran JA, Pinheiro ML. P300 results in patients
with lesions of the auditory areas of the cerebrum. J Am Acad
Audiol. 1992;3(1):5-15.

19. Colafémina JF, De Fellipe ACN, Junqueira CAO, Frizzo ACF.
Potenciais evocados de longa laténcia (P300) em adultos
jovens sauddveis: um estudo normativo. Rev Bras Otorrino-
laringol. 2000;66(2):144-8.

20. Holcomb P, Ackerman P, Dykman R. Cognitive event-related
brain potentials in children with attention and reading deficits.
Psychophysiology. 1985;22(6):656-67.

21.Ivey RG. The P300 response in children. Hear J. 1992;45(10):27-32.

22.Jirsa RE, Clontz KB. Long latency auditory event-related po-
tentials from children with auditory processing disorders. Ear
Hear. 1990;11(3):222-32.

23. Diniz Junior J. Contribuicio ao estudo do potencial evocado
auditivo de longa laténcia em criancas [Dissertacdao]. Sdao
Paulo: Universidade Federal de Sio Paulo, Escola Paulista
de Medicina; 1996.

24.Aquino AMCM, Bardao R, Barbosa MM, Colafemina JF, Gon-
cales AS, Casagrande-Souza VMR. Potencial endégeno nos
distarbios da aten¢io e memoria. Rev Bras Otorrinolaringol.
2000;606(3):225-30.

BRAZILIAN JOURNAL OF OTORHINOLARYNGOLOGY 78 (3) May/June 2012
http://www .bjorl.org / e-mail: revista@aborlccf.org.br

96



25.Martin L, Barajas JJ, Fernandez R, Torres E. Auditory event-
-related potentials in well-characterized groups of children.
Eletroencephalogr Clin Neurophysiol. 1988;71(5):375-81.

20.Borja A, Ponde M. P300: avaliacio do potencial evocado
cognitivo em crian¢as com e sem TDAH. Rev Ciénc Méd Biol.
2009;8(2):198-205.

27.Sanchez ML, Alvarez AMMA. Avaliacao do PAC em criancas
portadoras de transtornos da aprendizagem. Acta AWHO.
2000;19(4):185-8.

28.Polich J. P300 clinical utility and control of variability. J Clin
Neurophysiol. 1998;15(1):14-33.

29.Jerger J, Johnson K, Jerger S, Coker N, Pirozzolo F, Gray
L. Central auditory processing disorder: a case study. ] Am
Acadiol. 1991;2(1):36-54.

30. Alvarez AM, Caetano A, Nastas S. Processamento Auditivo
Central: avaliacao e diagnostico. Fono Atual. 1997;1(1):34-6.

31.Jacob LCB, Alvarenga KF, Zeigelboim BS. Avaliacao audio-
logica do sistema nervoso auditivo central. Arq Int Otorrino-
laringol. 2000;4(4):144-51.

32.Zaidan E, Alvarez AM, Garcia A. Transtorno de déficit de
atencio e hiperatividade e distarbios do processamento au-
ditivo central: uma revisao da literatura recente. Fono Atual.
1999;9(1):23-6.

33.Jerger J, Musiek F. Report of the consensus conference on
the diagnosis of auditory processing disorders in school-aged
children. J] Am Acad Audiol. 2000;11(9):467-74.

34.Fernandes J, Toniolo IMF, Cechella C. Habilidades auditivas
centrais em meninos com desvio fonologico. Fonoaudiol
Brasil. 2000;3(3):15-23.

35.Kozlowski L, Wiemes GRM, Magni C, Silva ALG. A efetivida-
de do treinamento auditivo na desordem do processamento
auditivo central: estudo de caso. Rev Bras Otorrinolaringol.
2004;70(3):427-32.

BRAZILIAN JOURNAL OF OTORHINOLARYNGOLOGY 78 (3) May/June 2012
http://www .bjorl.org / e-mail: revista@aborlccf.org.br

97



