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OBJECTIVES: This study investigates the cortical auditory pathways in children with and without learning disability (LD).

MATERIALS and METHODS: A prospective, controlled clinical study was conducted on patients diagnosed with LD and was followed-up for a min-
imum period of 6 months in the Department of Child and Adolescent Psychiatry were included as study group. The control group comprised of
age- and gender-matched healthy individuals. After otolaryngological and psychiatric examination, all participants were tested using pure-tone
audiometry, tympanometry, acoustic reflex, and cortical auditory evoked potentials. Test results were evaluated and compared for each group.

RESULTS: The study included a total of 60 children (30 children with LD as study group and 30 healthy children as control group) who met the in-
clusion criteria. When event-related potentials were taken into consideration, P2 and P300 mean amplitudes for right ears and N1 and P300 mean
amplitudes for left ears were significantly lower in study group than those in the control group. Likewise, P2 and P300 mean latency in right ears and
P1, N1, and P300 mean latency in left ears were prolonged in study group (p<0.05).

CONCLUSION: Patients with LD may have disorders of the cortical auditory processing even if they have normal hearing screening tests. Pathologies
in late-latency evoked potentials may have a role in the etiology of these patients.
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INTRODUCTION

Learning disability (LD) is a developmental and neurobiological disorder that is defined as deficient acquisition of reading, writing,
and mathematical skills despite adequate intellectual ability ™. According to The Diagnostic and Statistical Manual of Mental Dis-
orders-1IV (DSM-IV), LD is frequently seen in childhood and comprises of a spectrum of disorders such as dyslexia, dyscalculia, and
dysgraphia 2. Careful intervention of children with aforementioned disorders using psychological testing pointed out that these
individuals usually have a discrepancy between intellectual ability and academic achievement. The main factor accused for the
etiology is insufficiency in information processing. In this manner, previous studies emphasize the importance of visual and audio-
logical perception of stimuli in central pathways Bl

Cortical auditory evoked potentials (CAEPs) can be used to evaluate cortical auditory processing by recording event-related poten-
tials (ERPs) in response to auditory stimuli. Early-, mid-, and late-occurring positive and negative waveforms indicate the functions
of different parts of the central auditory system .,

In this study, we aimed to compare the robustness of cortical auditory processing in children with and without LD, hypothesizing
that pathologies involving high auditory cortical pathways may be associated with LD.
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MATERIALS AND METHODS

This prospective, controlled, and double-blinded study was conduct-
ed in a tertiary referral hospital, and all clinical examinations and au-
diological evaluations were carried out in the departments of audi-
ology and otolaryngology. Each patient’s parent signed an informed
consent form before the study began, and the Declaration of Helsin-
ki's ethical principles on human experimentation were followed. The
study was approved by the ethics committee of Kecioren Research
and Training Hospital (No: 987).

Patients diagnosed with LD (according to DSM-1V) and followed-up
for a minimum period of 6 months in the Department of Child and
Adolescent Psychiatry were included in the study group. Control
group comprised of age- and gender-matched healthy individuals.
Patients with sensorineural, mixed-type or conductive hearing loss,
tympanogram other than type A, absent acoustic reflexes (<105 dB),
having any type of vestibular diseases, diagnosed with neurological
disorders other than LD, history of previous otological operations,
and abnormal otoscopy findings were excluded.

All participants underwent a detailed otolaryngological examination
prior to initiating the study. Besides study subjects, all children in the
control group were also evaluated by the Department of Child and
Adolescent Psychiatry in order to exclude any possible pathologies.
After otolaryngological and psychiatric examinations, all participants
were tested with pure-tone audiometry, tympanometry, acoustic re-
flex, and CAEP. Test results were evaluated for each group and were
statistically compared.

Audiological Evaluation

All audiological tests were performed according to the guidelines
of the American Joint Committee on Hearing and Equilibrium B, For
audiological evaluation, pure-tone audiometry was performed using
Orbiter 922" clinical audiometer (Madsen Electronics, Copenhagen,
Denmark) at frequencies of 250, 500, 1000, 2000, 4000, and 8000
Hertz (Hz). A 226-Hz tympanometry was performed using AT235° im-
pedance audiometer (Interacoustics, Copenhagen, Denmark) device.
All patients were assessed by the same audiometrist. Acoustic reflex-
es were also measured using the same tympanometry device with a
226 Hz probe tone at 1000 Hz.

CAEPs were recorded using Bio-Logic Navigator Pro (Natus Med, USA,
2014) system. Auditory ERPs were elicited using an auditory “oddball”
paradigm. Tone stimuli (30-ms duration, 10-ms rise and fall time) at
70 dB, above the patients’ hearing threshold, were presented binau-
rally through headphones at an inter-stimulus interval of 1 per 1.8
s. Eighty percent of the tones were of 1000 Hz (background tones)
and the remaining 20% were of 1500 Hz (target tones). The sequence
of tones was randomly intermixed with the constraint that no two
target tones were presented in succession. A total of 500 stimuli at a
frequency of 0.3-1 Hz were presented with a 15% oddball stimulus.
The standard tone was delivered at 1000 Hz, and the ‘oddball’tone at
frequency of 2000 Hz. P300 scoring was performed at the baseline to
peak by an automated system based on the detection of a change
in the sign of the gradient of the P300 component within a 280-550
ms latency window. P1, N1, P2, N2, and P300 latency and amplitudes
were measured. P1-N1 and N1-P2 amplitudes were also measured
and compared between the groups. The tests were repeated by
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masking the contralateral ear with 70-dB tone burst white noise (WN,
Bio-logic) to verify the suppression effect. The right and left ears were
separately assessed in all participants.

Statistical Analysis

Descriptive statistics were obtained from each group; mean values,
standard deviations, and medians were calculated. Fisher’s exact test
and chi-square test were used to compare the results between the
groups. Statistical Packages for Social Sciences (SPSS) version 22.0
for Windows (IBM Corp., Armonk, NY, USA) was used for all statistical
analyses, and a p-value less than 0.05 was considered as significant.

RESULTS

The study included a total of 60 children who met the inclusion cri-
teria. There were 30 children in the study group with ages between 7
and 14 (10.53+2.81) years and 30 children in the control group with
ages between 8 and 13 (9.03+£2.01) years. There were no significant
differences among gender and ages between the groups. Demo-
graphical data is summarized in Table 1. Among the study group, 19
children were diagnosed with dyslexia, seven with dyscalculia, and
four with dysgraphia. Three children with dyslexia had accompany-
ing attention deficit and hyperactivity disorder. The average duration
of the disease in study group was 2.3 years. Owing to the study crite-
ria, two patients who had serous otitis media were excluded from the
study. All participants had normal PTA and tympanometry results,
and acoustic reflexes were present in all children.

When ERPs were taken into consideration, P2 and P300 mean am-
plitudes for right ears and N1 and P300 mean amplitudes for left
ears were significantly lower in study group than those in the con-
trol group. Likewise, P2 and P300 mean latency in right ears and P1,
N1, and P300 mean latency in left ears were prolonged in the study
group (p<0.05). Mean amplitude and latency measurements for late
latency responses in right ears are indicated in figure 1 and 2 respec-
tively.

CAEP measurements are summarized in Table 2. Other important
parameters to mention in late latency response are P1-N1 and N1-
P2 amplitudes. According to our data, P1-N1 and N1-P2 amplitudes
were significantly lower for both the ears in the study group than
those for both the ears in the control group (Table 3).

When the subgroups of the study group were taken into consider-
ation mean P1, N1, P2, and P300 amplitudes and latencies for both
the ears were similar among the children with dyslexia, dyscalcu-
lia, and dysgraphia. However, the number of participants was not
enough to obtain any statistical data.

Table 1. Demographical data

Study group Control group
(n=30) (n=30) P
Age (years) 10.53+2.81 9.03+2.01 0.062*
Gender (n)
Male 20 (66.7%) 19 (63.3%) 0.787**
Female 10 (33.3%) 11 (36.7%)

*Mann-Whitney U Test; **Chi-square test
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Table 2. CAEP measurements of all participants

Study group (n=30)

Control group (n=30)

Waveform Side Amplitude (pv) Latency (msn) Amplitude (pv) Latency (msn) pamplitude*  platency*
P1 Right 2.52+2.19 60.13+9.63 5.08+3.05 57.91+4.92 <0.001 0.267**
Left 2.90+1.58 64.09+7.64 3.41+1.80 60.48+5.54 0.267 0.011
N1 Right -1.99+1.21 123.39£11.30 -3.39+2.34 122.38+9.17 0.021 0.705**
Left —2.39+1.64 123.26+11.60 —2.57+1.63 124.79+8.13 0.600 0.386
P2 Right 1.98+1.45 182.14+9.52 2.62+2.12 172.87£11.61 0.487 0.001**
Left 2.38+1.70 176.38+12.81 2.53+1.49 174.92+10.80 0.745 0.261
N2 Right —3.04+1.80 227.04+15.66 —4.88+4.23 220.48+13.13 0.196 0.084**
Left -3.86+1.91 227.74+16.90 -3.68+2.12 221.00+8.49 0.731** 0.057**
P300 Right 2.75%1.52 352.67+7.58 4.23+1.89 315.56+14.37 0.001** <0.001**
Left 2.98+2.28 354.11+£12.90 4.02+1.73 316.52+13.85 0.007 <0.001**
*Mann-Whitney U Test; **Student t-test; Bold numbers: statistically significant
Table 3. CAEP measurements of all participants DISCUSSION

Study group  Control group
Waveform Side (n=30) (n=30) p*
P1-N1 Amplitude (uv)  Right 4.73+1.98 8.50+5.69  <0.001
Left 4.98+2.21 6.92+2.86 0.005
N1-P2 Amplitude (uv)  Right 5.06+2.11 8.38+6.01 0.026
Left 4.64+1.93 6.56+2.57 0.004

*Mann-Whitney U Test; Bold numbers: statistically significant
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Figure 2. Latency measurements for late latency response in right ears

LD is a frequently occurring disorder with an estimated prevalence of
5% among children M. Although a vast majority of affected children
are diagnosed after school age, the symptoms usually start earlier.
The insignificant characteristics of most symptoms make the diag-
nosis even difficult. There have been theories trying to explain the
underlying pathology of the disease based on physiological, ana-
tomical, or behavioral disorders 7.

In recent years, researchers are focusing on pathologies involving
cortical auditory processing. There are some studies corroborating
temporal processing theory in which majority discussed only pa-
tients with dyslexia ®°. An increasing number of researches are sup-
porting and are against disorders in high cortical auditory pathway in
patients with dyslexia. From this point of view, we evaluated children
with LD, not limited to dyslexia, by CAEPs.

Late-latency auditory evoked potentials (LLEPs), a subgroup of
CAEPs, are defined as P1 (50-80 ms), N1 (100-150 ms), P2 (150-200
ms), N2 (180-250 ms), and P300 depending on the timeframe after
the auditory stimulus. P300 is an LLEP that reflects mainly the tha-
lamic and cortical activity. It is first described in 1965 by Sutton et al
9 while evaluating cognitive functions. It is a positive wave of 5-20
mV within the timeframe of 250-600 ms measured during a cogni-
tive activity and is used for assessing higher cortical functions such as
memory and attention. Many studies were performed about the clin-
ical importance of P300, and latency period was correlated mostly
with high cognitive functions, whereas amplitudes were informative
about memory and attention "2,

Previously, LLEPs were studied in neurological and physiological sci-
ences for diseases such as schizophrenia, dementia, attention deficit
and hyperactivity disorder, depression, and autism3'%. These poten-
tials were associated with visual-orthographic and auditory-phono-
logical systems. Studies demonstrated that disrupted LLEPs may be
correlated with early orthographic and late phonological integration
deficits ">, In a study by Frank et al. """ children with attention and
reading disabilities showed abnormalities in ERPs. Another study by



Cohen-Mimran et al. '® demonstrated that temporal processing defi-
cits may play an important role in the pathophysiology of children
with reading disabilities.

According to our data, children with LD had lower amplitudes for
positive and negative ERPs as well as P300. These patients also had
prolonged latency periods in ERPs, including P300 (Table 2). Our re-
sults were consistent with the literature as Papagiannopoulou et al
demonstrated abnormalities in P300 latency in children with dyslex-
ia. The greatest abnormality was recorded in the frontal brain region
09, Likewise Kraus et al. 2% stated that P300 amplitudes were initially
smaller among readers with dyslexia and tended to decrease further
in the late phases. Another study reported poorer listening scores
and lower amplitudes in P3 waves in the LD group 2",

Although a majority of LD spectrum present with dyslexia, there is a
considerable amount of patients with dyscalculia and dysgraphia 22.
Unlike previous studies we did not focus only on children with dys-
lexia. Thus, we think that the findings of this study might be helpful
in understanding the pathophysiology of the LD spectrum. The poor
performance of the study group regarding LLEPs demonstrate that
one of the underlying pathologies in LD spectrum may be relevant to
temporal processing disorders. The results of our study corroborate
with those of another research by Ingelghem et al. ® investigating
the cortical auditory pathway in patients with dyslexia compared
with a control group of subjects with normal development. As under-
standing the pathophysiology of the disease is the key to adequate
therapy, studies investigating LD spectrum may change the way cli-
nicians treat their patients. Several studies were performed to assess
the effects of music on the auditory cortex and findings suggest that
musical therapy positively affects LLEPs [23-25],

The limitation of this study was the effects of the medication that
were ignored in study group. However, all patients were followed-up
in the same department with the same protocol. Further studies
involving more patients with different medication protocols will in-
crease the knowledge about drug effects to CAEPs.

In the light of our results and comparison with the literature, we can
conclude that patients with LD may have disorders in cortical audi-
tory processing even if they have normal hearing screening tests. Pa-
thologies in LLEPs may have a role in the etiology of these patients.
Thus, we recommend performing CAEP and evaluating LLEPs in this
group of patients. With the support of further studies on the subject,
disrupted waveforms in LLEPs may change the philosophy of the
therapy in the future, like musical therapy as mentioned above.

Ethics Committee Approval: Ethics committee approval was received for this
study from the ethics committee of Kecioren Research and Training Hospital
(Approval No: 987).

Informed Consent: Written informed consent was obtained from patients’

parents who participated in this study.
Peer-review: Externally peer-reviewed.

Author Contributions: Concept - E.M, E.O,; Design - E.M, E.O.; Supervision -
E.O, A.A;; Resources - EM,, E.O,, S.B., ED, DK, ESK., AA,; Materials - EM,, E.O,;
Data Collection and/orProcessing E.M.; Analysis and/or Interpretation - E.M.;
Literature Search E.M,; Critical Review E.M., A.A.

Mirici et al. Central Auditory Processing in Learning Disability
Conflict of Interest: The authors have no conflict of interest to declare.

Financial Disclosure: The authors declared that this study has received no
financial support.

REFERENCES
1. Kronenberger WG, Dunn DW. Learning disorders. Neurol Clin 2003; 21: 941-52.
[CrossRef]

2. Kershner JR. Network dynamics in dyslexia: Review and implications for
remediation. Res Dev Disabil 2016; 59: 24-34. [CrossRef]

3. Bailey PJ, Snowling MJ. Auditory processing and the development of lan-
guge and literacy. Br Med Bull 2002; 63: 135-46. [CrossRef]

4. Martin BA, Tremblay KL, Korczak P. Speech evoked potentials: From the
laboratory to the clinic. Ear Hear 2008; 29: 285-313. [CrossRef]

5. Committee on hearing and equilibrium guidelines for the evaluation of
results of treatment of conductive hearing loss. American Academy of
Otolaryngology-Head and Neck Surgery Foundation, Inc. Otolaryngol
Head and Neck Surg 1995; 113: 186-7. [CrossRef]

6. Habib M. The neurological basis of developmental dyslexia: an overview
and working hypothesis. Brain 2000; 123: 2373-99. [CrossRef]

7. Tallal P. Auditory temporal perception, phonics and reading disabilities
in children. Brain Lang 1980; 9: 182-98. [CrossRef]

8. VanlIngelghem M, Van Wieringen A, Wouters J, Vendenbussche E, Onghena
P, Ghesquiere P. Psychophysical evidence for a general temporal processing
deficit in children with dyslexia. Neuroreport 2001; 12: 3603-7. [CrossRef]

9. Cao M, Huang H, Peng Y, Dong Q, He Y. Toward Developmental Connec-
tomics of the Human Brain. Front Neuroanat 2016: 31; 10: 25.

10. Sutton S, Braeren M, Zubin J, John ER. Evoked potentials correlates of
stimulus uncertainly. Science 1965: 150; 1187-8. [CrossRef]

11. Emmerson RY, Dustman RE, Shearer DE, Turner C. P3 latency and aymbol
digit performance correlatios in aging. Exp Aging Res 1989: 15; 151-9.
[CrossRef]

12. Daffner KR, Rents D, Scinto LFM, Faust R, Budson AE, Holcomb PJ. Patho-
physiology underlying diminished attention to novel evetnts in patients
with early AD. Neurology 2001; 56: 1377-83. [CrossRef]

13.  Tripathi SM, Mishra N, Tripathi RK, Gurnani KC. P300 latency as an indicator of se-
verity in major depressive disorder. Ind Psychiatry J 2015; 24: 163-7. [CrossRef]

14.  Cui T, Wang PP, Liu S, Zhang X. P300 amplitude and latency in autism spectrum
disorder: a meta-analysis. Eur Child Adolesc Psychiatry 2017; 26:177-90.[CrossRef]

15. Breznitz Z, Misra M. Speed of processing of the visual-orthographic and
auditory-phonological systems in adult dyslexics: the contribution of
“asynchrony” to word recognition deficits. Brain Lang 2003; 85: 486-502.
[CrossRef]

16. Savill NJ, Thierry G. Reading for sound with dyslexia: evidence for early
orthographic and late phonological integration deficits. Brain Res 2011;
1385:192-205. [CrossRef]

17.  FrankY, Seiden JA, Napolitano B. Event-related potentials to an “oddball”auditory
paradigm in children with learning disabilities with or without attention deficit
hyperactivity disorder. Clin Electroencephalogr 1994; 25: 136-41. [CrossRef]

18. Cohen-Mimran R. Temporal processing deficits in hebrew speaking children
with reading disabilities. J Speech Lang Hear Res 2006; 49: 127-37. [CrossRef]

19. Papagiannopoulou EA, Lagopoulos J. P300 event-related potentials in
children with dyslexia. Ann Dyslexia 2017; 67: 99-108. [CrossRef]

20. Kraus D, Horowitz-Kraus T. The effect of learning on feedback-related po-
tentials in adolescents with dyslexia: an EEG-ERP study. PLoS One 2014;
9: e100486. [CrossRef]

21. Purdy SC, Kelly AS, Davies MG. Auditory brainstem response, middle
latency response, and late cortical evoked potentials in children with
learning disabilities. J Am Acad Audiol 2002; 13: 367-82.

22. Shaywitz SE, Shaywitz BA. Dyslexia (specific reading disability). Biol psy-
chiatry 2005; 57: 1301-9. [CrossRef]

23. Trainor LJ, Shahin A, Roberts LE. Effects of musical training on the Au-
diotory Cortex in children. Ann N'Y Acad Sci 2003; 999: 506-13. [CrossRef]

24. Shahin A, Bosnyak DJ, Trainor LJ, Larry E. Roberts LE. Enhancement of
Neuroplastic P2 and N1c Auditory Evoked Potentials in Musicians. J Neu-
rosci 2003; 23: 5545-52. [CrossRef]

25. Polat Z, Atas A. The investigation of cortical auditory evoked potentials
responses in young adults having musical education. Balkan Med J 2014;
31:328-34. [CrossRef]


https://doi.org/10.1016/S0733-8619(03)00010-0
https://doi.org/10.1016/j.ridd.2016.07.014
https://doi.org/10.1093/bmb/63.1.135
https://doi.org/10.1097/AUD.0b013e3181662c0e
https://doi.org/10.1016/S0194-5998(95)70103-6
https://doi.org/10.1093/brain/123.12.2373
https://doi.org/10.1016/0093-934X(80)90139-X
https://doi.org/10.1097/00001756-200111160-00046
https://doi.org/10.1126/science.150.3700.1187
https://doi.org/10.1080/03610738908259769
https://doi.org/10.1212/WNL.56.10.1377
https://doi.org/10.4103/0972-6748.181726
https://doi.org/10.1007/s00787-016-0880-z
https://doi.org/10.1016/S0093-934X(03)00071-3
https://doi.org/10.1016/j.brainres.2011.02.012
https://doi.org/10.1177/155005949402500405
https://doi.org/10.1044/1092-4388(2006/010)
https://doi.org/10.1007/s11881-016-0122-6
https://doi.org/10.1371/journal.pone.0100486
https://doi.org/10.1016/j.biopsych.2005.01.043
https://doi.org/10.1196/annals.1284.061
https://doi.org/10.1523/JNEUROSCI.23-13-05545.2003
https://doi.org/10.5152/balkanmedj.2014.14171

