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Auditory middle latency response in children with learning difficulties
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SUMMARY

Introduction: This is an objective laboratory assessment of the central auditory systems of children with learning disabilities.
Aim: To examine and determine the properties of the components of the Auditory Middle Latency Response in a sample of
children with learning disabilities.

Methods: This was a prospective, cross-sectional cohort study with quantitative, descriptive, and exploratory outcomes. We
included 50 children aged 8-13 years of both genders with and without learning disorders. Those with disorders of known
organic, environmental, or genetic causes were excluded.

Results and Conclusions: The Na, Pa, and Nb waves were identified in all subjects. The ranges of the latency component values
were as follows: Na = 9.8-32.3 ms, Pa = 19.0-51.4 ms, Nb = 30.0-04.3 ms (learning disorders group) and Na = 13.2-29.6 ms,
Pa = 21.8-42.8 ms, Nb = 28.4-65.8 ms (healthy group). The values of the Na-Pa amplitude ranged from 0.3 to 6.8 iV (learning
disorders group) or 0.2-3.6 1V (learning disorders group). Upon analysis, the functional characteristics of the groups were
distinct: the left hemisphere Nb latency was longer in the study group than in the control group. Peculiarities of the electrophysiological
measures were observed in the children with learning disorders. This study has provided information on the Auditory Middle
Latency Response and can serve as a reference for other clinical and experimental studies in children with these disorders.
Keywords: evoked potentials, auditory, evoked potentials, learning.

the integrity of the auditory pathways (5, 6). The acquisition
of reading and writing using the alphabetic system involves
the incorporation of acoustic elements of spoken language

INTRODUCTION

School failure stands out among the various human
development indices as an important focus of political
attention (1).

Studies of reading and writing have shown real
progress in recent decades, especially in students with
functional cerebral alterations (2). However, adverse social
factors account for the majority of cases of school failure
worldwide (2).

Given this context, itis necessary to find an objective
laboratory-based method of assessing children with learning
difficulties.

The Auditory Middle Latency Response (AMLR) has
been the focus of research on patients with changes in
language and learning (3,4). The AMLR assists in verifying

that are then translated into graphic symbols. The proper
function of the afferent auditory pathway is crucial to
efficient acoustic and phonological comprehension and
enables the understanding and appropriate expression of
the written code (7).

AMLRs are evoked bioelectrical responses that occur
after a sound stimulus and consist of a series of waves
ranging between 10 and 80 ms (8). The wave components
thatare most frequently considered, as they are the largest
in amplitude and the most consistent, are Na, Pa, and Nb
(2). The integrated study of central auditory nervous
system function requires the use of at least 2 active
electrodes (+) in order to compare the ipsilateral and
contralateral sides. In addition, the electrodes must be
placed over each brain hemisphere (left and right) in the
regions of the left and right temporal lobes (T3, T4) and
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temporoparietal junctions (C3/C5, C4/C0) to optimize the
sensitivity for purposes of neurodiagnosis research and
facilitate the observation of the Middle Latency Response

(0).

Audiology researchers have measured the AMLR in
children with learning disorders and observed that the
latency of the Na wave is longer and the amplitude of the
Nb wave lower (3, 4).

This study aimed to compare the findings related to
measures of AMLR between 2 groups, one without (control
group) and another with (study group) school learning
difficulties focused mainly on reading and writing.

METHOD

This was a prospective cross-sectional, quantitative,
descriptive, and non-experimental study.

The project was approved by the Ethics Committee
of the USP-HCFMRP, Case # 118/2007.

The study participants were 25 children with learning
difficulties aged between 8 and 14 years selected by
convenience from the specialized ambulatory clinic for
learning problems and the Division of Speech Pathology at
Hospital das Clinicas, Medical School of Ribeirao Preto —
USP.

The control group consisted of an equal number of
children of the same age with records of good school
performance with no complaints and without family history
of school difficulties.

Children were included only when a medical
evaluation found no clinical evidence of any organic,
socioenvironmental, or dysmorphic genetic disorder cause
of theirlearning disabilities.

Children with conductive hearing loss, medication
use, or a diagnosis of attention deficit disorder and
hyperactivity with either hyperactive or mixed as the
predominant form were excluded from the study.

The subjects in both groups underwent neurological
and visual evaluation, measurement of auditory acuity, and
recording of the AMLR. The experimental group also
underwent psychological evaluations and testing of their
executive functions (10) and intelligence levels (11) to
assistin the diagnosis of their learning disorders.

All children in the study group showed significant
academicimpairment even when provided withacademic

enhancement activities. The following evaluation results
were considered for analysis: the discrepancy between
verbal IQ, performance on the psychological assessment
(9, 10),abnormalities in memory, reading, and writing, oral
reading of isolated words, writing dictated words, use of
pseudowords (11), disorders of speech and writing,
recognition of phonemes, syllables, rhyme, and alliteration
in tests of phonological awareness (12), and significant
abnormalities in syntacticand semanticlanguage skills (13)
andin otherareas of learning such as mathematical reasoning

(14).

To record the AMLR, electrodes were placed at C3
and C4 (left and right hemispheres) with reference
electrodesat Aland A2 (leftand right ears) and the ground
electrode at Fz (forehead), inaccordance with International
Standard 10-2015, and matched with right and left side
ipsilateral (Ripsiand Lipsi) and contralateral (R Contraand
L Contra) electrodes. The stimulus consisted of monaural
rarefied filtered clicks at 80 dB HL, with a presentation rate
of 11 stimuli/second, analysis time (window) of 100 ms,
acoustic filter of 10 to 100 Hz, and sensitivity of 75V, and
the wave latencies of Na (Na Lat), Pa (Pa Lat), and Nb (Nb
Lat) and the inter-wave amplitude of Na-Pa were examined
in the study and control groups.

For analysis of the AMLR, the median values and
confidence intervals of the measures were compared
between the groups (control and study) and intra-group
between the right (RH) and left (LH) hemispheres and
right (RE) and left (LE) ears of each group.

Confidence intervals were calculated for comparison
of the latencies and amplitudes of the AMLR waves. The
level of significance for rejection of the null hypothesis was
set at 5%.

The analysis was performed with SAS® 9.0 software
using the PROC MIXED function.

REsSULTS

Each group consisted of 25 children (14 boysand 11
girls) with a mean age of 10 years.

Fifteen of the 25 in the study group (60%) presented
with total IQ scores below 80, with 10 between 80 and 85,
4 between 90 and 100, and 1 scoring 105, this being the
highest score obtained; of the remaining 10 children, 2
scored between 80 and70 and 8 below 70, with the lowest
score being 53.

The study group yielded significantly lower scores
ontheassessments of reading and writing; this was especially
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significantly at the level of 5% between the hemispheres,
being longerin the right hemisphere than in the leftin the

true for reading, with a high frequency of non-responses
(62.6%) due to the non-literacy of most of the children.

control group and the reverse in the study group, in which
the Na Lat was longer on the left contralateral pathway (RL

Intra-group analysis of the confidence intervals of
the AMLR measures showed that only Na Lat differed

0.03) (Table D).

>1R, p

= TI/9Y ‘[ealoiu] 2douopyuo) = DI pwir] Joddn =10

‘wnuwiuly = Wy {Aemred [erorerenuod = /Ty ‘Aeaped [erorensdr
Qruur Jomo =77 ‘asoydsiwoy = TwoH ‘Yol = T ySu = Y ‘opnijdwe = [dwy Aouare] = 17 :puodo]

bl I 0l 8 8 (81 690 Sl'6 66 =
€9 Ll _ 990 €0 80 65| 60 STl BdEN dwy
9  6S'8E  €0LE T 1T €69 L0LE V81 9FFE ed 9
6€9  ¥ES L8 ¥ HSTE S9L  S8TS £SO 696k qu
96t 1T 8h6l S'Ll bOEl 66€  SSIT  ST8l 66l BU Y ST ]
bl K 0l 8 8 81 690 SI'6 66 =
6l'y 9L L1 _ 790 £8°0 98| 8I'l TSl Bd EN dwy
9IS 868E  8LE L€ 606l 6I'L  6€£8€  SKTE  TSE ed g
9 SLSS U 95k 0€ €8 LLTS 6SE  bEeR qu
SETE 6T 8r6l €8l S6'8 €Sy LSTC €881 L0T BU Y ST Y T
bl X 0l 8 8 (81 690 SI'6 66 =
689 59l €l £€8°0 90 6C | 60T 01 S Bd EN dwy
88°'TF  LE6E  TTLE  80E 0t 165 6LLE 16T SESE ed
€79  SLSS 66k €8 60€ €69  I€ES €Sl SF0S qu e
(90T SY0T L8l 1L bOEl (TS SYOT SLLL 16l BU Y ST ]
bl X 0l 8 8 (81 690 SI'6 66 =
€97 651 44 660 0 950 9 €'l 9 B4 eN dwy
€8hr  PEOF  $99E  vLTIE T8I 9€9  TELE  L9TE  6TSE ed g
€¥9 €97 €8 9%  ST9E €L TETS €9 €6y qu e
96T YOIT  1€8I L9 €9°€l SP'E 850T  ELLI 916l U Y ST Y g Apnis
bl I 0l 6 8 w8 €80 €86 800! =
8T S8l b _ 40 190 L] Tl Sk RdeN dwy
L1y L¥'SE € 8T ¥6¥T 10S  /SYE  ¥F0E STE ed g
965 IS6y 9%  ¥SOF  96I€ L 698y 18T SLSH qu
€0 TOU  8F6l bILI bl LI'E 1§50 6L1 Tél U Y ST ]
| I 0l 6 8 w8 €80 €86 800! =
8T 61 bl _ 0 90 9L 171 6l BdeN dwy
VT vLE LTE 88T 91T S6¥  T0SE €608 L6TE ed g
685 8805 O & PLTE 0L 668 6tk 609 qu
69T  WIT  S6l 6Ll Cel SE €'l €U8l 896l U ST Y 3
bl I 0l 6 8 w8 €80 €€'6 80701 =
9¢€ Sl N S8°0 SE0 890 S5 | 660 LTI BdEN dwy
88'Ty LE  YLTE  SUST  SSHT WS UYE  LS0E S9TE ed g
6859 SIS S8 8%k  Sh8T 664 VLIS ¥I'SY  vhsk qu
P8 TWC TOT  £SLI 9€'9| €€ 6617 LT6l  £9°0C B ST ]
bl X 0l 6 8 81 €80 €€'6 800! =
3 8l b N €0 L0 9L 8I'l  /p1  edeN Idwy
60F  bLE 1€ S9T T8IT LES  ITHE  BL6T  66IE ed
SLSS  Tl6b 9% 1Ly vLTE 1SS Ly ITSE 6SE qu
el It g6l €51 9| 19 /LE1T  8€'8l 886l BU Y| ST Y Y [oAuoD
S[end SN uonenaQ n T
Xe pIE UBpaly | U PIEPUBIS %5610 sl S(qeLeA N wey e3 dnoo

-aJaydsiway pue Jes Aq sdno.8 [ou3uod pue Apnis ay3 jo sonsipels aAndlnse * | @|qeL

Int. Arch. Otorhinolaryngol., Sao Paulo - Brasil, v.16, n.3, p. 335-340, Jul/Aug/September-2012.

337



Auditory middle latency response in children with learning difficulties.

Frizzoetal.

Comparison between the 2 groups showed that the
left ear Pa Lat was longer in the study group than in the
control group for both the contralateral and ipsilateral
pathways. Stimulation of the left earalso produced longer
values of Nb latency in the left hemisphere in the study
group thanin the right hemisphere in the control group (p
=0.02, p = 0.03 respectively) (Table 2).

The Na-Pa amplitudes were higher for the left
hemisphere contralateral pathway and lower for the left
hemisphere ipsilateral pathway in the control group than
in the study group (p = 0.04).

DiscussioN

This study comprised a representative sample of
children who, upon reaching the age of literacy,
unexpectedly failed in this first step of success in school
learning. Exclusion of children with organic, dysmorphic,
genetic, or psychological causes left the sample cases
whose predominant difficulty was in reading acquisition. As
this study was not intended to focus on dyslexic children,
these were the only criteria necessary to produce a
representative sample of the patients who present to the
clinical practice of a public specialty hospital. Therefore,
the assessment of intellectual level served primarily to
characterize the sample.

The Na, Pa,and Nb components were visualized in
the AMLR recordings of all participants with and without
learning disabilities, and the average latency of the control
group was consistent with the findings of other studies in
the international (3, 4, 16) and Brazilian (17, 18) literature.

The different patterns of time response latency
observed in the control and study groups were detailed by
intra- and inter-group analyses.

In the inter-group comparison, the Pa latency
appeared to be elongated towards the contralateral leftin
the study group relative to that of the control group.

Most of the significant differences in the intra-group
analyses were observed for the wave components Na and
Nb, confirming the sensitivity of these components for
identifying functional deficits of the central auditory
pathways and the cerebral hemispheres.

Other scholars have previously observed longer
latency values for the Na wave in the left hemisphere in
children with learning disorders (3, 4).

Poor function of the left main route may have
produced difficulties in sound decoding and compromised
the association of linguistic components with visual
components or even the auditory-linguisticassociations at

Table 2. Intra- and inter-group comparisons of ipsi- and contralateral differences with significance values.

Variable ~ group ear hemi group ear hemi  Estimated Difference UL CI 95%LL Cl 95% p
LatNa
C R L C L L [.42 0.001 2.85 0.04
S R S L -7 -2.18 -0.167 0.02
S R R S L R -1.54 297 -0.1232  0.03
S R L S L R -1.60 -3.02 -0.18 0.03
Lat Pa
C R R S L R -3.30 -6.55 -0.05 0.04
C R R S L L -3.36 -6.61 -0.10 0.04
C R L S R -3.43 -6.68 -0.17 0.03
Lat Nb
C L S R -3.96 -7.58 -0.33 0.03
C R S L -4.28 -7.90 -0.66 0.02
C R R R L -2.04 -3.89 -0.20 0.03
C R R S L L -4.95 -9.02 -0.89 0.02
C R L S L L -4.20 -8.27 -0.13 0.04
C L R S R L -4.35 -8.42 -0.28 0.03
C L L S R L -4.69 -8.76 -0.63 0.02
AmplNa-Pa
C R S L 0.10 0.00 021 0.04
C L R S L L 0.15 0.00 0.30 0.04

Legend: C = control group; S = study group; Lat = latency; ampl = amplitude; R = right; L = left; Hemi = hemisphere; LL= Lower
Limit; UL= Upper Limit; IC = Confidence Interval; RR/LL = ipsilateral pathway; RL/LR = contralateral pathway.
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the level of the primary auditory cortical area in the group
with learning disabilities, in which the great majority of
children were completely unable to read.

Analysis of the children with learning disorders
showed longer latencies for the Na wave in the left
hemisphere (3, 4).

Phonological and visual disorders may also be
associated and organized into multi-systemic disorders, and
the inability of the brain to perform efficient temporal
processing of the phonological component significantly
impacts reading and writing skills (19, 20). A change in
temporal processing speed would explain the inability of
the children in this study to read and write and would be
consistent with the inefficiency of the left hemisphere
functions and their integration with the associative paths
shown by the inter-group analysis of the results of the study
and control groups in this study.

Aside from the discussions of the neurobiological
bases and speech pathology manifestations of learning
disorders, this study contributes to our knowledge of the
particularities of electrophysiological measures, emphasizes
that the latencies of waves Paand Nb are longerin the left
hemisphere in children with learning disorders, and also
demonstrates the diversity of these measures, which could
be explained by the heterogeneity of the functional
processes of learning.

CONCLUSIONS

The results from the present sample show that
AMLR measures differ between children with (study group)
and without (control group) school learning difficulties,
especially in reading and writing. The study group exhibited
deficits in the left auditory pathway and slower responses
in the left hemisphere.
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