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Abstract

Background: The aim was to electrophysiologically evaluate changes in the peripheral and central auditory systems in individuals with
neurofibromatosis type 1 who underwent formal auditory training.

Material and methods: The sample consisted of 6 individuals aged between 9 and 15 years. The procedures involved anamnesis, meatoscopy,
brainstem auditory potentials and long-latency evoked potentials, and behavioral tests of central auditory processing. All individuals were
given 9 weekly sessions of formal auditory training.

Results: After therapeutic intervention we observed improved performance in auditory closure (p =0.014) and figure-background discrimination
for verbal sounds (p=0.025). There were no significant changes in brainstem auditory evoked potentials. However, the P300 of the long-
latency auditory evoked potential showed significant differences for the left ear in terms of latencies of waves N2 (p =0.05) and P3 (p=0.05)
and the amplitude of N2-P3 (p =0.05).

Conclusions: Therapeutic intervention by means of formal auditory training is effective in rehabilitating central auditory processing disorder.
There were improved responses in both behavioral and electrophysiological assessments, which were maintained for at least 4 months.
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WYNIKI OBSERWAC]JI PACJENTOW Z NEUROFIBROMATOZA TYPU 1
PO FORMALNYM TRENINGU SLUCHOWYM

Streszczenie

Wprowadzenie: Celem badania byta ocena zmian od obwodowego do o$rodkowego uktadu stuchowego za pomoca pomiaréw elektrofizjologicznych
zwigzanych z wynikami oceny behawioralnej osrodkowego przetwarzania stuchowego, a takze ocena trwalosci uzyskanych wynikéw w czasie
u pacjentow z neurofibromatozg typu 1.

Material i metoda: Grupa badana skladala sie z 6 pacjentéw, niezaleznie od plci, w wieku od 9 do 15 lat. Wykonane badania obejmowaly:
badanie podmiotowe, endoskopi¢ kanatu stuchowego, badania potencjatéw pnia mézgu i péznych potencjaléw wywolanych oraz ocene
behawioralng osrodkowego przetwarzania stuchowego.

Wyniki: Po interwencji terapeutycznej zaobserwowaliémy poprawe funkcjonowania w zakresie zdolnosci faczenia dZzwiekéw w stowa (p = 0,014),
umiejetnosci wytawiania dzwiekow mowy z tla (p = 0,025), z tendencja do czasowego porzadkowania dzwiekéw mowy (p = 0,083) i stuchania
obuusznego (p = 0,083). Badania elektrofizjologiczne: zapis stuchowych potencjatéw wywotanych z pnia moézgu byl stabilny, a pézne stuchowe
potencjaly wywolane P300 wykazywaly istotnie statystyczne réznice dla lewego ucha w zakresie latencji fali N2 (p=0.050) i P3 (p =0,050)
oraz amplitudy N2-P3 (p = 0,050).

Whioski: Interwencja terapeutyczna w postaci formalnego treningu stuchowego jest skuteczna w zakresie rehabilitacji o§rodkowych
zaburzen przetwarzania stuchowego w przypadkach patologicznych i skutkuje lepszymi wynikami zaréwno w badaniach behawioralnych, jak
i elektrofizjologicznych, ktore byly stabilne w dluzszym czasie.

Stowa kluczowe: zaburzenia percepcji stuchowej  neurofibromatoza 1 « stymulacja akustyczna o zaburzenia stuchu
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Introduction

Neurofibromatosis, formerly known as Von Recklinghausen’s
disease [1], was described by Von Recklinghausen in 1882
and is an autosomal dominant disease resulting in a lack
of control of cell growth and division [2]. It is character-
ized by multiple benign tumors of the peripheral nervous
system, caused by heterozygotic inactivation of the tumor
suppressor gene Neurofibromatosis Type 1in 17q11.2 [2,3],
which acts to suppress cell growth [4], resulting in the loss
of the neurofibromin protein.

Individuals with neurofibromatosis type 1 (NF1) can devel-
op a variety of benign and malignant tumors, the most fre-
quent of which are peripheral sheath tumors, the so-called
neoplasms resulting from Schwann cells [3,5]. Among the
effects on the neural pathways, involvement of the VIII
cranial nerve is frequently described in neurofibromatosis
type 2 (NF2) with hearing loss. However, there are com-
plications along the entire auditory pathway, even in indi-
viduals with NF1, among which the following have been
described: alterations in neural conduction [6-8], conduc-
tive hearing loss related to the presence of neurofibromas
in the external auditory canal [9,10], and alterations in
central auditory processing (CAP) [11-15].

According to Batista et al. [11], the multisystemic involve-
ment of central auditory processing disorder (CAPD) may
be associated with the clinical polymorphic characteris-
tics and varied phenotypes resulting from a neurofibro-
mine production deficiency in the nervous system. The
authors demonstrated a high frequency of CAPD in this
population, with about 84% of them presenting some ab-
normality [11-18].

Auditory training is a therapeutic proposal to improve
auditory skills in patients presenting NF1 [15]; there is
evidence of improvement in hearing skills after auditory
training in other etiologies with CAPD [19].

Neurophysiological changes resulting from plasticity of
the central auditory nervous system (CANS) can be mon-
itored by means of electrophysiological tests, such as the
long-latency auditory evoked potential (LLAEP), specifi-
cally the P300 wave. These tests measure electrical changes
that occur in the peripheral and central auditory systems
in response to an acoustic or electrical stimulus [20-23];
they depend on the functional use that the subject makes
of a stimulus during a specific task, such as discriminat-
ing two sound stimuli. Using this paradigm, it is possible
to measure electrical activity at each site of the auditory
pathway and thereby observe how auditory information
is processed [22]. In this way, important information can
be gained about the neurophysiological processes occur-
ring in the cerebral cortex that relate to cognition (mem-
ory and auditory attention) and which underlie the CAP
[20,23]. By recording evoked potentials (P1, N1, N2, P3,
and N450 components) during a task involving problem
solving, it can be shown that individuals with NF1 have
significantly longer latencies than their peers without the
disorder. However, in behavioral terms, conflict resolu-
tion can generally be successful, being achievable in both
groups [24].
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In individuals with NF1, intervention in cases of CAPD
by using auditory training is not widely addressed, since
the pathology is multisystemic with variable expressive-
ness and extreme pleiotropy. There are some studies in-
volving therapeutic intervention in individuals with NF1
[13,15], but despite describing improvements in hearing
skills they did not use electrophysiological measures to ob-
jectively assess the benefits obtained. In addition, the au-
ditory training implemented did not strictly control the
auditory stimulation, especially the signal-to-noise ratio
and use of an acoustically treated environment.

Therefore, our aim was to evaluate changes in the CANS of
individuals with NF1 by recording the Brainstem Auditory
Evoked Potential (BAEP) and the P300 of the LLAEP, look-
ing at the results of the CAP behavioral assessment before
and after formal auditory training. We also wished to in-
vestigate whether the results of the training were main-
tained over time.

Material and methods

This project was approved by the research ethics com-
mittee of Federal University of Sdo Paulo and Support
Group for Adolescents and Children with Cancer (CAAE
80666717.6.1001.5505). All patients and family members
gave written informed consent, which was signed by the
volunteer, family member, and researcher. This was a clin-
ical trial (protocol number: RBR-8wmvbnw) classed as a
primary, observational, cross-sectional, prospective, de-
scriptive, single-center study [25].

To select volunteers, we analyzed the patient databas-
es of the Child Neurology sector at Support Group for
Adolescents and Children with Cancer; we referred those
who met the inclusion and exclusion criteria to our Clinical
Audiology outpatient clinic for auditory evaluation. The
inclusion criteria were: age from 9 to 59 years old; medi-
cal diagnosis of type 1 neurofibromatosis; bilateral hearing
thresholds less than or equal to 15 dB HL between 0.25 and
4 kHz; bilateral type A tympanometric curves; presenting
CAPD; and absence of diagnosed and/or evident cogni-
tive or psychiatric disorders. The exclusion criteria were:
presenting NF2 or other medical diagnosis of comorbidi-
ties such as autism, intellectual disability, attention deficit
disorder with or without hyperactivity, any alteration of
the middle ear; having undergone otorhinolaryngological
surgery; NF1 undergoing radiotherapy and/or chemother-
apy; NF1 with epileptic seizures or uncontrolled epilep-
sy, and having previously undergone any format of reha-
bilitation of the CAP.

We evaluated 43 out of the 75 patients of the child neurol-
ogy outpatient clinic regarding the audiological criteria for
inclusion and exclusion in the study. A total of 26 subjects
met the inclusion and exclusion criteria described above.
We invited all to participate in the study, but 20 declined.
Therefore, the sample consisted of 6 individuals with NF1,
without distinction as to gender, between 9 and 15 years old.
The subjects voluntarily agreed to participate and perform
the evaluation procedures and formal auditory training.

We used the following equipment in the evaluations:
Grason-Stadler audiometer GSI-61, TDH-39 supra-aural
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earphones, and recording of behavioral tests to evaluate
central auditory processing [26-29]. For the electrophysi-
ological evaluation, we used a two-channel I.H.S.-Systems
model Smart EP equipment.

The following procedures were followed: clinical history
questionnaire; electrophysiological evaluation of hearing,
comprised of BAEP and LLAEP-P300; behavioral evalu-
ation of CAP; and 9 formal auditory training (FAT) ses-
sions. After the FAT sessions, the individuals underwent
two sessions of behavioral and electrophysiological reeval-
uation, in order to assess changes in the CANS - one per-
formed right after the FAT and the other 4 months later
aiming at verifying the maintenance of performance over
time after the therapeutic intervention. Thus, we carried
out the assessments three times: initial assessment, reas-
sessment 2 months later, and a third assessment 6 months
after the initial assessment.

For the electrophysiological evaluation, we positioned the
individuals in a comfortable armchair in an electrically and
acoustically treated room. The impedance of the electrodes
was kept below 5 Q, with an inter-electrode difference of
less than 2 Q. The responses were collected by four surface
electrodes, fixed according to the international 10-20 sys-
tem. Thus, the ground electrode was positioned in Fz, the
active electrode in Cz, with the right (A2) and left (A1)
lobe and reference electrodes on the forehead. The acous-
tic stimuli were presented by ER-3A insert earphones. The
BAEP [30] test protocol consisted of rarefaction stimuli
presented separately to the right and left ears at a rate of
19.1 stimuli per second, using 2048 stimuli at 80 dB HL,
recording window of 10.66 ms, with high-pass filters of
100 Hz and low-pass filters of 1500 Hz. We performed a
second stimulation in order to reproduce and confirm the
waveform and the absolute latencies of waves I, 111, and
V, as well as the interpeak intervals I-II[; III-V, and I-V.

The LLAEP-P300 was registered with monaural tone
bursts [31], presenting 300 stimuli (255 for the frequent
and 45 for the rare), in an oddball paradigm. The polari-
ty was rarefaction, presentation speed 1.1 stimuli per sec-
ond, filters 1 to 30 Hz and pre-stimulus —100 ms and post-
stimulus 510 ms. To obtain auditory evoked potentials, tone
bursts were presented at 75 dB HL at frequencies of 1000 Hz
for the frequent stimulus and 2000 Hz for the rare stimulus.
During the test, each individual was asked to mentally count
or write down on paper the number of times the rare stimu-
lus appeared, and at the end tell the experimenter how many
rare stimuli had been perceived. For analysis, we considered
the latency normality values proposed by McPherson [32].

The behavioral evaluation of the CAP included the follow-
ing procedures: sound localization test (SLT): investigates
the source of sound in five directions: right, left, above, in
front and behind, with the head as reference. Memory for
verbal sounds in sequence (MVS): evaluates the memo-
ry for the presentation of four syllables (pa, ta, ca, fa) in
three different sequences presented without visual cue.
Memory for nonverbal sounds in sequence (MNVS): pres-
entation of four instrumental sounds in three different se-
quences without visual cue. Speech in noise test (SNT):
a list of monosyllables presented in noise in a monotic
task. Staggered Spondaic Word (SSW): sequences of four
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disyllables partially overlapped two by two, two in each
ear, alternating the competitive condition and the ear that
initiated the test. Synthetic sentence identification with
ipsilateral competitive message test (SSI-ICM): sentences
presented in speech to the same ear (monotic task) at an
SNR of -15 dB. Duration pattern test (DPT): stimuli in a
sequence of three items with two sounds of different du-
rations (long =500 ms; short =250 ms). Dichotic conso-
nant-vowel test (DCV) (free recall): simultaneous pres-
entation of two syllables (pa, ta, ca, ba, da, or ga), one in
each ear. Random gap detection test (RGDT): variation
of silent intervals from 0 to 40 ms in a random manner,
at frequencies 0.5, 1, 2, and 4 kHz; the threshold is the
shortest time interval for which the individual is able to
detect two tones. Masking Level Difference (MLD): de-
termination of the threshold by a pulsed pure tone of 0.5
kHz in the presence of a narrowband masking noise in
single-phase and anti-phase conditions; the difference in
responses between conditions was considered the MLD.
The normality criteria used for each test were those pro-
posed by Pereira & Schochat [33].

Formal Auditory Training (FAT)

We conducted the FAT with the objective of stimulating
auditory skills and improving communication abilities, es-
pecially in noisy environments. There were 9 individual
sessions once a week, lasting 50 minutes each. During the
sessions we applied different auditory activities focusing on
figure-ground for sentences, words, syllables, and non-ver-
bal sounds; binaural integration for verbal and non-verbal
sounds; auditory closure, and temporal aspects (intensity,
frequency, duration). The FAT procedures took place in an
acoustic booth, as part of formal training [34,35], under
earphones. Activities were presented under progressive-
ly adverse listening conditions, i.e., increasing the degree
of difficulty by modifying the signal-to-noise ratio. The
task progressed according to the subject’s performance,
so the relationship between main message/next compet-
itive message (more difficult) was modified according to
the achievement of 70% correct answers.

Table 1 lists the schedule of 9 weekly FAT sessions. The
sessions encompassed different forms of auditory stimu-
lation and to promote inter-hemispheric integration, the
individual was instructed to perform the presentation of
responses with different motor activities.

FAT started with figure-ground work for verbal sounds
(phrases) in a dichotic listening task [27,29], where the
main message was superimposed on the competitive mes-
sage, in this way, signal and noise relationships varied be-
tween +40 to 0 dB in the contralateral competitive message
and +10 to -20 dB in the ipsilateral competitive message.
In this way, the correctness of sentences was modified by
making more difficult the relation the main message and
the next competitive message.

Similarly, training in figure-ground skill was carried out
with verbal sounds (digits and syllables) [27,29], with S/N
ratios of +10 to —30 dB. Figure-background tests used non-
verbal sounds, with S/N ratios of 0 to —40 dB. For binau-
ral integration (digits), in a dichotic listening condition,
four stimuli were presented (digits and non-verbal) and

Journal of Hearing Science - 2022 Vol. 12 - No. 3



Fontanelli et al. — Auditory training for neurofibromatosis

Table 1. Schedule of weekly formal auditory training sessions over 9 weeks

1st session Figure-background for sentences
. Figure—background for words: directed listening (dichotic digits RE) + figure—background for non-verbal
2nd session h }
sounds (dichotic non-verbal LE)
. Figure—background for words: directed listening (dichotic digits LE) + figure—background for non-verbal
3rd session S
sounds (dichotic non-verbal RE)
4th session Binaural integration (dichotic digit + non-verbal dichotic) + speech in noise with phrases
5th session Auditory closure (speech with noise: figures and words) + temporal aspects (intensity pattern)
6th session Temporal aspects (duration pattern: audiometer, flute, and pure tone)
7th session Temporal aspects (duration pattern) + figure-background for syllables (consonant vowel: directed listening RE)
. Temporal aspects (frequency pattern: audiometer, flute, and pure tone) + figure—background for syllables
8th session . . -
(vowel consonant: directed listening LE)
oth session Temporal aspects (frequency pattern) + figure—background for words (dichotic disyllables: binaural

integration)

the individual was asked to recognize and repeat them,
identifying the ear in which they heard them. For audito-
ry closure skill [28], the S/N ratios were +10 to -5 dB for
sentences, +5 to -5 dB for words, and +10 to -10 dB for
figures, using white noise.

Temporal ordering involves being made aware of differ-
ences in the acoustic aspects of intensity, duration, and fre-
quency [26]. These aspects were addressed using different
combinations of intensities, presented binaurally, with pure
tone stimuli at frequencies of 0.5, 1, 2, and 4 kHz, with dif-
ferent combinations of intensity ranging from 20 to 10 dB.

The duration pattern test was done using the audiometer.
The stimuli were presented binaurally at 1 kHz with var-
iable duration; there were brief and long stimululi within
a sequence of two or three sounds. For frequency pattern
training, the audiometer presented combinations of 2 or
3 different frequencies (0.5 and 4 kHz, 1 and 4 kHz, 2 and
4 kHz, and 0.75 and 1 kHz). Then, the recorded frequen-
cies centered at 880 and 1430 Hz, 880 and 1122 Hz, and
440 and 493 Hz were proposed.

Analysis

To analyse the results we collected numerical and categor-
ical data, presented as normal or altered (delayed and ab-
sent for electrophysiological measures). We obtained the
data in three different instants: first, second, and third eval-
uation. For statistical analysis we used the asymmetry and
kurtosis tests, and descriptive measures (mean, median,
minimum, maximum, and standard deviation). To com-
pare categorical data, we used non-parametric statistical
techniques: Pearson’s chi-square association test or Fisher’s
exact test extension for contingency tables; and signifi-
cance test for correlation between the continuous varia-
bles obtained in the follow-ups. Finally, in order to verify
the variability between the evaluations with the Cochran
test (homogeneity of variance), we considered the statis-
tical significance to be p < 0.05. For values of p between
0.05 and 0.10) we accepted an indication of a non-signif-
icant tendency. We used SPSS version 19; Statistica ver-
sion 13.5.0.17; and Excel 2013.

Results

The sample consisted of 6 individuals with neurofibroma-
tosis type 1 who underwent formal auditory training: five
(83%) were female and one (17%) male, aged between 9
and 15 years, with a mean of 11.8 years and standard de-
viation of 2.2. Four subjects were right-handed and two
left-handed (p =0.162). All had school difficulties as de-
scribed by parents and teachers. Despite such difficulties,
students were taking their courses without school delays,
ranging from 3rd year of elementary school to 1st year
of high school.

The tests provided SLT, MVS, MNVS, SNT, SSI, DCV,
SSW, DPT, RGDT, MLD measures (involving mean, me-
dian, minimum, maximum, and standard deviation) at the
three moments of the evaluation, allowing qualitative anal-
ysis and statistical analysis as a function of time (Table 2).

Table 2 indicated that the analysis of the three moments
of SNT, SSI, DCV, SSW, and RGDT reflected statistical-
ly significant differences between assessments, with im-
proved performance throughout. As for the binaural in-
teraction (MLD) and temporal ordering (MVS), there was
a tendency to improve the response across the three mo-
ments of the CAP evaluation.

When we checked the performance of the CAP behav-
ioral assessment tests with differences for the three mo-
ments of the assessment, we correlated each moment of
assessment for auditory closure skills, SSI and DCV, and
SSW reversals and temporal resolution. Table 3 shows the
statistical correlation between the three evaluation mo-
ments: first and second, second and third, and last, first
and third evaluations.

Table 3 shows the improved performance in auditory clo-
sure soon after the therapeutic intervention (p =0.014)
between the second and third evaluations: there were no
changes, which shows that performance in this ability re-
mained stable as with comparing the first and third eval-
uations (p=0.014). As for the figure-ground for verbal
sounds (p =0.083), there were stable responses between
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Table 2. Descriptive measures of central auditory processing behavioral tests at three moments of assessment and statistical correla-
tion as a function of time

Qualitative analysis

Evaluation Al;f(::l(; Y Normal Altered N Mean Min Max SD p-value
(%) (%)
1st 100 0 6 467 4.00 5.00 0.52
SLT 2nd Localization 100 0 6 4.50 4.00 5.00 0.55 -
3rd 100 0 6 4.50 4.00 5.00 0.55
1st 33 67 6 1.50 1.00 3.00 0.84
MVS 2nd Teipeal 67 33 6 1.83 0.00 3.00 1.17 0.097
ordering
3rd 83 17 6 2.17 1.00 3.00 0.75
1st 67 33 6 2.17 1.00 3.00 0.98
MNVS 2nd Temporal 100 0 6 2.50 2.00 300 055 0.135
ordering
3rd 100 0 6 2.83 2.00 3.00 0.41
1st 0 100 6 71 56 80 9
:’:T 2nd 100 0 6 86 76 9% 7
3rd Auditory 100 0 6 87 84 92 3
closure 0.002
1st (%) 0 100 6 61 28 88 21
fé” 2nd 100 0 6 88 80 96 7
3rd 100 0 6 87 80 9% 5
1st 0 100 5 54 30 100 30
;:' 2nd 50 50 5 64 60 70 5
3rd Figure- 83 17 5 70 60 80 7
back%round for 0.018
1st P {;;es 0 100 5 46 40 70 13
()
f:' 2nd 50 50 5 70 60 90 14
3rd 83 17 5 78 60 100 14
1st 0 100 6 85 73 98 11
:gw 2nd 50 50 6 95 88 100 5
3rd Figure- 83 17 6 96 93 98 2
backgrot:jnd for 0.022
1st WeleE 0 100 6 74 50 90 15
SSW )
LE 2nd 50 50 6 88 70 95 10
3rd 83 17 6 90 78 95 7
1st 0 100 6 40 33 50 6
——  Temporal
DPT 2nd aspects 0 100 6 52 30 73 17 0.368
B — %
3rd %) 17 83 6 67 57 77 8
1st 0 100 6 14.0 7.0 19.0 447
RDEV 2nd 50 50 6 16.7 14.0 20.0 2.50
3rd 83 17 6 15.2 12.0 18.0 2.32
1st ) 0 100 6 3.0 0.00 6.0 2.00
DCV Figure—
LE 2nd background for 50 50 6 3.0 0.00 6.0 2.37 0.022
syllables
3rd 83 17 6 4.7 2.0 7.0 2.07
1st 0 100 6 7.0 3.0 11.0 2.90
o 2nd 50 50 6 43 40 50 052
errors
3rd 83 17 6 4.2 3.0 5.0 0.98
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Table 2 continued. Descriptive measures of central auditory processing behavioral tests at three moments of assessment and statistical

correlation as a function of time

1st 0 100 6 1.67 000 600  2.16
SSW | 2nd Temporal 0 100 6 0.17 0.00 1.00 041 0.015
Inversion ordering
3rd 17 83 6 0.67 0.00 100 052
1st 17 83 6 1917 750 3250  9.99
Temporal
RGDT 2nd resolution 83 17 6 7.33 200 1250 335 0.015
3rd () 100 0 6 508 200 800 248
1st ) 50 50 6 8.33 6 10 1.97
Binaural
MLD 2nd interaction 67 33 6 9.67 6 14 294 0.097
3rd (dB) 100 0 6 1067 8 14 207

Key: SLT, sound localization test; MVS, memory for verbal sounds in sequence; MNVS, memory for nonverbal sounds in sequence; SNT,
Speech in noise test; SSI, synthetic sentence identification; SSW, staggered spondaic word; DPT, duration pattern test; DCV, dichotic
consonant-vowel test; RGDT, random gap detection test; MLD, masking level difference; RE, right ear; LE, left ear; N, number of subjects;
Min, minimum; Max, maximum; ms, millisecond; dB, decibel; SD, standard deviation.

Table 3. Statistical correlation between the moments of CAP evaluation and auditory skills

Localization - - -

Temporal ordering for verbal sounds 0.157 0.317 0.083
Temporal ordering for non-verbal sounds 0.157 - 0.157
Auditory closure 0.014 = 0.014
Figure-ground for verbal sounds 0.083 0.157 0.025
Temporal processing = 0.317 0.317
Binaural interaction 0.317 0.157 0.083

the second and third evaluations right after the end of the
auditory training, but with significant changes regarding
the first and third evaluations (p = 0.025), which indicates
that even after the end of the auditory training the CANS
continued to improve its performance.

Table 4 lists the mean, median, minimum, maximum, and
standard deviation for the latency of BAEP components for
the three assessment moments and the statistical correla-
tion for performance over time. It shows that there were
no differences in BAEP over time for the right and left ears.

Table 5 shows the mean, median, minimum, maximum,
and standard deviation of the latency and amplitude pa-
rameters of the LLAEP-P300 components for the three
different evaluation moments, and the statistical correla-
tion regarding performance over time.

Table 5 demonstrates improved results over time for the
long latency potentials, showing statistically significant
differences for the N2 latencies on the left ear (p =0.05),
with reduced latency right after the FAT and a latency
increase at the third evaluation. For wave P3 there was
an increase in latency when comparing the first and the
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following evaluations (p = 0.05). Finally, considering N2
P3 amplitude, there was a reduction in the second and an
increase in the third evaluation (p =0.05).

Discussion

NF1 is a rare genetic disorder with an incidence ranging
from 1 in 2700 to 1 in 7800 [18,36,37], and a prevalence
varying from 1 in 3000 to 7800 live births [7,38,39]. It has a
highly variable phenotypic expression [40] and its carriers
may present several dysplasias, since it is a multisystemic
pathology of variable expressivity and extreme pleiotro-
py. This highlights changes in the central and peripheral
nervous systems, including ophthalmologic, osteomuscu-
lar, cardiovascular, endocrine, skin, and bone involvement
[14,37,41-43]; all which show the heterogeneity of NF1
[40]. Due to the incidence and prevalence the sample cal-
culation was performed, with a confidence level of 95%, re-
sulting in 5 subjects to be evaluated for an adequate popu-
lation representation, so the number of evaluated subjects
adequately represents the NF1 population. Therefore, the
number of individuals evaluated in this study allows the
evaluation and monitoring of changes in the peripheral
and central auditory system in the pathology.
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Table 4. Descriptive measures of the latency (ms) of the components of the BAER per ear, in the three moments of assessment and
statistical correlation as a function of time

Component Evaluation N e R nllo i 1 p-value
(ms) (ms) (ms) (ms) (ms)

1st 6 1.80 1.82 1.68 1.88 0.07
2nd RE 6 1.77 1.79 1.63 1.85 0.09 -
3rd 6 1.79 1.80 1.68 1.88 0.08

Wave |
1st 6 1.78 1.78 1.70 1.85 0.06
2nd LE 6 1.78 1.75 1.73 1.88 0.06 -
3rd 6 1.77 1.78 1.68 1.85 0.06
1st 6 4.06 4.04 3.88 4.30 0.14
2nd RE 6 3.99 3.99 3.90 4.10 0.08 0.223
3rd 6 4.04 4.04 3.90 4.18 0.11

Wave llI
1st 6 4.15 4.08 3.90 4.60 0.27
2nd LE 6 4.06 4.06 3.88 4.22 0.15 0.368
3rd 6 4.11 4.08 3.90 4.40 0.17
1st 6 5.87 5.90 5.58 6.03 0.15
2nd RE 6 5.80 5.83 5.55 5.98 0.19 0.368
3rd 6 5.86 5.86 5.75 5.98 0.10

Wave V
1st 6 6.11 5.88 5.75 7.43 0.65
2nd LE 6 5.81 5.74 5.65 6.10 0.18 >0.999
3rd 6 6.12 5.88 5.68 7.53 0.71
1st 6 2.26 2.24 2.13 2.45 0.11
2nd RE 6 2.23 2.22 2.17 2.30 0.04 =
3rd 6 2.24 2.25 2.15 2.32 0.06

Interpeak I-1I
1st 6 2.37 2.29 2.13 2.90 0.29
2nd LE 6 2.28 2.24 2.15 2.47 0.13 0.368
3rd 6 2.34 2.28 2.20 2.65 0.17
1st 6 1.81 1.88 1.58 1.97 0.17
2nd RE 6 1.81 1.83 1.60 2.05 0.18 -
3rd 6 1.83 1.90 1.60 2.00 0.17

Interpeak 11I-V
1st 6 1.97 1.88 1.60 2.83 0.45
2nd LE 6 1.75 1.78 1.58 1.88 0.10 -
3rd 6 2.01 1.83 1.63 3.13 0.57
1st 6 4.07 4.10 3.78 4.23 0.15
2nd RE 6 4.04 4.04 3.80 4.35 0.20 0.368
3rd 6 4.07 4.08 3.88 4.25 0.15

Interpeak I-V
1st 6 4.33 4.05 4.00 5.72 0.68
2nd LE 6 4.03 4.00 3.78 4.35 0.19 -
3rd 6 4.35 4.14 3.83 5.78 0.72
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Table 5. Descriptive measures of latency (ms) and amplitude (uV) of the components of the LLAEP (P300), per ear, in the three moments

of assessment and statistical correlation as a function of time

Components Evaluation N Mean Median Min Max SD p-value
1st 5 183.0 149.0 100.0 316.0 84.6
2nd RE 6 152.2 157.5 107.0 173.0 234 0.135
Latency N2 3rd 6 170.7 153.5 118.0 262.0 50.5
(ms) Ist 3 151.7 150.0 133.0 172.0 196
2nd LE 6 132.0 1375 115.0 146.0 135 0.050
3rd 6 169.5 160.5 136.0 208.0 29.4
Ist 5 267.6 231.0 228.0 377.0 63.9
2nd RE 6 244.5 230.0 210.0 317.0 39.7 0.368
Latency P3 3rd 6 259.8 240.0 221.0 338.0 455
(ms) 1st 3 231.3 219.0 208.0 267.0 314
2nd LE 6 244.0 243.0 204.0 289.0 29.9 0.050
3rd 6 242.0 242.0 209.0 272.0 27.9
Ist 5 4.82 5.24 2.56 6.98 1.81
2nd RE 6 5.96 6.49 2.95 8.55 2.24 0.368
Amplitude N2-P3 3rd 6 5.28 476 3.97 7.64 1.53
mv) 1st 3 4.41 431 3.74 5.17 0.72
2nd LE 6 3.97 3.24 2.54 7.62 1.89 0.050
3rd 6 417 4.15 2.94 5.56 1.10

NF1 affects both sexes equally and is inherited from one
parent in 30-50% of cases [37,44]; the remaining cases
have no family history, i.e., they appear spontaneously by
gene mutation. This suggests a high incidence of new mu-
tations, with autosomal transmission dominant with com-
plete penetrance. Neuropsychological profiles, as well as
physical symptoms, vary from one patient to another, and
include a reduction in some intellectual abilities associ-
ated with difficulties in certain cognitive domains, such
as oral and written language, visuospatial understanding,
arithmetic, executive function, and attention [45]. In this
study, we observed that despite any such difficulties our
students undertook schooling without delays.

CAPD has been observed in patients with normal periph-
eral hearing [11-13], raising the suspicion that in such
cases it is the language and learning part of the auditory
system that has been affected [17,46]. This study corrob-
orated previous work showing that with CAPD peripheral
hearing was within normal standards (Table 2).

Formal auditory training seeks to rehabilitate features that
handicap subjects with NF1. It seeks to exercise central
auditory processes, teaching improved resource alloca-
tion strategies to overcome residual deficits in auditory
processing [47-49]. Table 3 shows statistically significant
differences in auditory closure, figure-ground for sentenc-
es and syllables, and temporal ordering and resolution,

all of which show that FAT has been effective in improv-
ing these skills.

Regarding sound localization, temporal ordering, tempo-
ral processing, and binaural interaction, there was a ten-
dency for improvement in the MLD test, and all other
tests showed better mean outcomes. Thus, although there
were no statistical differences, the behavior after FAT was
generally better than initially. Thus, similar to the litera-
ture [15], this study corroborated work that has shown
improvements in auditory closure, figure-background
discrimination, and temporal resolution, with the results
maintained over time.

Some researchers [15,50], concerned about the comorbid
conditions of neurofibromatosis, have investigated the im-
provements that auditory training can bring to such pa-
tients. They have verified improvements in listening skills,
as well as stable benefits over time, but without overcom-
ing the diagnosis of CAPD. In this study, changes in CAP
performance over time related to a range of auditory skills
(Table 3). We saw improvement in performance immedi-
ately after therapy for auditory closure (p =0.014), showing
that FAT was effective in rehabilitation. The change in au-
ditory closure remained stable after training, as when per-
formance between the first and third assessments is com-
pared (p=0.014). Benefits were also observed for other
auditory skills, such as figure-background discrimination
for verbal sounds (with a tendency, p = 0.083) after the end
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of the FAT. Indeed, they improved over time, with stabili-
zation of responses between the second and third assess-
ments and significant changes between the first and third
assessments (p =0.025). This indicates that even after the
end of auditory training, CANS abilities continued to im-
prove, despite the pathological process. This result corrob-
orates the literature on the effect of brain plasticity under
stimulation and demonstrates the effectiveness of audito-
ry training [15,51-54].

The BAEP results before and after therapeutic interven-
tion (Table 4) did not show statistically significant corre-
lations between assessments for the right and left ears, i.e.,
the training did not produce changes in the short laten-
cy potentials. BAEP has neural generating sites and early
modulators of acoustic signals [55] that may not change
between pre and post training [56] because neural plas-
ticity occurs largely at the cortical level where CANS can
activate neurons and induce new neural connections [57].
Thus, although training might produce behavioral chang-
es, as shown with special tests such as MLD, we found that
changes in the short latency potentials were not observable.

For the LLAEP-P300, however, there were statistically sig-
nificant differences between pre- and post-FAT evaluations
(for the left ear) in terms of the N2 (p = 0.05) and P3 laten-
cies (p =0.05) and N2-P3 amplitude (p = 0.05), showing a
decrease in N2 latency soon after the end of the FAT and an
increase in the third evaluation (Table 5). Thus, although
there was no stability in these measures, the P3 latency
did finally increase compared to its initial value (p = 0.05).

Although some authors [51,58,59] see that auditory train-
ing leads to changes in auditory evoked potentials, such
changes appear only in the left ear [31,32,60-62], probably
due to the way acoustic signals are transmitted in the au-
ditory system [58]. Thus, the neurophysiological responses
may still be normal in cases of CAPD, but diffuse and not
able to alter electrophysiological parameters, even though
there are still functional difficulties observed in behavio-
ral tests and reported by interviewees [62-65].

Due to the multiplicity of NF1 comorbidities, studies in-
volving electrophysiological evaluation through LLAEP re-
search are scarce. Nevertheless, some researchers [65-67]
have investigated electrophysiological aspects of the pa-
thology, looking at characteristics of the mismatch nega-
tivity (MMN) potential [66,67]. Bluschke et al. [68] studied
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least 4 months. This demonstrates that in cases of neurofi-
bromatosis type 1, rehabilitation efforts can prove effective.

1. Anderson JL, Gutmann DH. Neurofibromatosis type 1. In: Islam
MP, Roach ES, editors. Handbook of Clinical Neurology. Vol.
132, 3rd series. Amsterdam: Elsevier; 2015.

2. Viskochil D. Genetics of neurofibromatosis 1 and the NF1
gene. ] Child Neurol, 2002; 17(8): 562-70.

3. Salamon J, Mautner VE, Adam G, Derlin T. Multimodal
imaging in neurofibromatosis type 1 associated nerve sheath
tumors. Fortschr Rontgenstr, 2015; 187: 1084-92.

4. Kluwe L, Nguyen R, Vogt ], Bengesser K, Mussotter T, Friedrich
RE et al. Internal tumor burden in neurofibromatosis type
1 patients with large NF1 deletions. Genes Chromosomes
Cancer, 2012; 51: 447-51.

30

5. Ducatman BS, Scheithauer BW, Piepgras DG, Reiman HM,
Ilstrup DM. Malignant peripheral nerve sheath tumors.
A clinicopathologic study of 120 cases. Cancer, 1986; 57(10):
2006-21.

6. Pensak ML, Keith RW, Dignan PS, Stowens DW, Towbin RB,
Katbamna B. Neuroaudiologic abnormalities in patients with
type 1 neurofibromatosis. Laryngoscope, 1989; 99(7 Pt 1):
702-6.

7. Hyman SL, Shores A, North KN. The nature and frequency of
cognitive deficits in children with neurofibromatosis type 1.
Neurology, 2005; 65(7): 1037-44.

8. Barcelos-Corse LFD. Audiologic phenotype in individuals with
neurofibromatosis type 1 [thesis]. Towson University; 2013.

Journal of Hearing Science - 2022 Vol. 12 - No. 3



10.

11.

12.

13.

14.

15.

16.

20.

21.

22.

23.

24.

25.

26.

27.

Journal of Hearing Science -

. White AK, Smith RJH, Bigler CR, Brooke WEF, Schauer

PR. Head and neck manifestation of neurofibromatosis.
Laryngoscope, 1986; 96: 732-7.

Lustig LR, Jackler RK. Neurofibromatosis type I involving the
external auditory canal. Otolaryngol Head Neck Surg, 1996;
114(2): 299-307.

Batista PB, Silva CM, Valentim HO, Rodrigues LOC, Rezende
NA. Avaliagdo do processamento auditivo na neurofibromatose
tipo 1. Rev Soc Bras Fonoaudiol, 2010; 15(4): 604-8.

Batista PB. Avaliagao do processamento auditivo e da
linguagem em pacientes com neurofibromatose tipo 1 [thesis].
Belo Horizonte: Universidade Federal de Minas Gerais; 2011.
Batista PB, Lemos SMA, Rodrigues LOC, Rezende NA.
Auditory temporal processing deficit and language disorders
in patients with neurofibromatosis type 1. ] Commun Disord,
2014; 48: 18-26.

Batista PB, Bertollo EMG, Costa DS, Eliam L, Cunha KSG,
Cunha-Melo JR, et al. Neurofibromatosis: part 2 — clinical
management. Arq Neuropsiquiatr, 2015; 73(6): 531-43.
Batista PB. Treinamento auditivo acusticamente controlado
em pacientes com neurofibromatose tipo 1 [thesis]. Belo
Horizonte: Universidade Federal de Minas Gerais; 2016.
Pride NA, Payne JM, North KN. The Impact of ADHD on
the cognitive and academic functioning of children with NF1.
Devel Neuropsych, 2012; 37(7): 590-600.

. Payne JM, Arnold SS, Pride NA, North KN. Does attention-

deficit-hyperactivity disorder exacerbate executive dysfunction
in children with neurofibromatosis type 12 Devel Med Child
Neurol, 2012; 54(10): 898-904.

. Payne JM, Pickering T, Porter M, Oates EC, Walia N, Prelog

K, North KN. Longitudinal assessment of cognition and T2-
hyperintensities in NF1: an 18-year study. Am ] Med Genet
A, 2014; 164A: 661-5.

. Musiek FE, Chermak, G. Testing and treating (C)APD in head

injury patients. Hear J, 2008; 61(6): 36-8.

Sousa LCA, Piza MRT, Alvarenga KF, Coser PL. Eletrofisiologia
da audigdo e emissdes otoacusticas: principios e aplicagdes
clinicas. Ribeirdo Preto: Editora Novo Conceito; 2010, 49-130.
Matas CG, Magliaro FCL. Introdugao aos potenciais evocados
auditivos e potencial evocado auditivo de tronco encefélico.
In: Bevilacqua MC, Martinez MAN, Balen AS, Pupo AC, Reis
ACMB, Frota S. Tratado de Audiologia. Sao Paulo: Ed. Santos;
2011, 180-95.

Reis ACMB, Frizzo ACE Potencial evocado auditivo de longa
laténcia. In: Bevilacqua MC, Martinez MAN, Balen AS, Pupo
AC, Reis ACMB, Frota S. Tratado de Audiologia. Sao Paulo:
Ed. Santos; 2011, 231-60.

Frizzo ACE, Advincula KP. Potenciais evocados auditivos
de longa laténcia: conceitos e aplicagdes. In: Menezes PL,
Andrade KCL, Frizzo ACE Carnatiba ATL, Lins OG. Tratado
de Eletrofisiologia para a Audiologia. Ribeirao Preto, SP: Book
Toy; 2018, 139-50.

Bluschke A, von der Hagen M, Papenhagen K, Roessner
V, Beste C. Conflict processing in juvenile patients with
neurofibromatosis type 1 (NF1) and healthy controls: two
pathways to success. Neuroimage Clin, 2017; 14: 499-505.
Hochman B, Nahas FX, Oliveira Filho RS, Ferreira LM.
Desenhos de pesquisa. Acta Cirurgica Brasileira, 2005; 20
(Suppl 2): 2-9.

Auditec. Evaluation manual of pitch pattern sequence and
duration pattern sequence. Missouri: Auditec of St. Louis; 1997.
Pereira LD, Schochat L. Testes auditivos comportamentais para
avaliagao do processamento auditivo central. Barueri, SP: Pré
Fono; 2011.

Fontanelli et al. — Auditory training for neurofibromatosis

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

Costa MJ. Listas de sentengas em portugués: apresentacio e
estratégias de aplicagao na audiologia. Santa Maria, RS: Pallotti;
1998, 44.

Schettini RC, Rocha TCM, Almeida ZLDM. Exercicios para o
desenvolvimento de habillidades do processamento auditivo.
3a ed. Ribeirao Preto, SP: Book Toy; 2011.

Hood L. The normal auditory brainstem response. In: Hood
L. Clinical Applications of the Auditory Brainstem Response.
San Diego: Singular; 1998, 126-44.

Hall JW. eHandbook of Auditory Evoked Responses: Principles,
procedures & protocols. St. Augustine, FL: Pearson Education;
2015.

McPherson DL. Long latency auditory evoked potentials. In:
McPherson DL. Late Potentials of the Auditory System. San
Diego: Singular; 1996, 7-21.

Pereira LD, Schochat E. Processamento auditivo central:
abordagem passo a passo. In: Pereira LD, Schochat E, editors.
Processamento Auditivo Central: Manual de avaliagao. Sao
Paulo: Lovise; 1997, 49-60.

Musiek FE, Shinn JMS, Hare CMA. Plasticity, auditory training
and auditory processing disorders. Semin Hear, 2002; 23(4):
263-75.

Dias KZ, Gil D. Treinamento auditivo acusticamente controlado
nos disturbios do processamento auditivo. In: Tratado de
Audiologia, 2nd edition. Rio de Janeiro: Guanabara Koogan;
2015; 534-40.

Friedman JM. Epidemiology of neurofibromatosis type 1. Am
] Med Genetics, 1999; 89: 1-6.

Souza JF, Toledo LL, Ferreira MCM, Rodrigues LOC, Rezende
NA. Neurofibromatose tipo 1: mais comum e grave do que se
imagina. Rev Assoc Med Bras, 2009; 55(4): 394-9.

Pollack IE, Shultz B, Mulvihill J]. The management of brainstem
gliomas in patients with neurofibromatosis 1. Neurology, 1996;
46: 1652-60.

Darrigo LG, Bonalumi Filho A, Alessandro DSMD, Geller M.
Neurofibromatose tipo 1 na infancia: revisiao dos aspectos
clinicos. Rev Paul Pediatr, 2008; 26(2): 176-82.

Billingsley RL, Slopis JM, Swank PR, Jackson EF, Moore BD.
Cortical morphology associated with language function in
neurofibromatosis, type I. Brain Lang, 2003; 85(1): 125-39.
Ruggieri M, Upadhyaya M, Di Rocco C, Gabriele A, Pascual-
Castroviejo I. Neurofibromatosis type 1 and related disorders.
In: Ruggieri M, Castroviejo IP, Di Rocco C. Neurocutaneous
Disorders: Phakomatoses & Hamartoneoplastic Syndromes.
Germany: Springer; 2008, 51-151.

Lorenzo ], Barton B, Arnold SS, North KN. Cognitive features
that distinguish preschool-age children with neurofibromatosis
type 1 from their peers: a matched case — control study.
J Pediatrics, 2013; 163(5): 1479-83.

Rodrigues LOC, Batista PB, Goloni-Bertolo EM, de Souza-
-Costa D, Eliam L, Cunha KSG, et al. Neurofibromatoses.
Part 1: Diagnosis and differential diagnosis. Arq Neuropsiquiatr,
2014; 72(3): 241-50.

DeBella K, Szudek J, Friedman JM. Use of the National
Institutes of Health criteria for diagnosis of neurofibromatosis
1 in children. Pediatrics, 2000; 105(3): 608-14.

Remigereau C, Roy A, Costini O, Barbarot S, Bru M, Gall
DL. Praxis skills and executive function in children with
neurofibromatosis type 1. Appl Neuropsychol Child, 2018;
7(3): 224-34.

Fontanelli RCFL, Fernandes NS, Silva GI, Aragao MM, Pinho
RS, Gil D. Electrophysiological and electroacoustic assessment
of hearing in individuals with neurofibromatosis type 1. ] Hear
Sci, 2021; 11(1): 46-53.

2022 Vol. 12 - No. 3

31



Original articles e 22-32

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

32

Chermak GD. Neurobiological connections are key to APD.
Hear J, 2004; 57(4): 58.

Chermak GD, Bellis TJ, Musiek FE. Neurobiology cognitive
science, and intervention. In: Chermak GD, Musiek FE, editors.
Handbook of Central Auditory Processing Disorder (Vol. II,
2nd ed.). San Diego: Plural Publishing; 2013, 3-38.

Cameron S, Dillon H. Remediation of spatial processing issues
in Central Auditory Processing Disorder. In: Chermak GD,
Musiek FE, editors. Handbook of Central Auditory Processing
Disorder (Vol. II, 2nd ed.). San Diego: Plural Publishing; 2013,
201-24.

Pazini E, Marques PM, D’Agostini AR, Bertuol B, Kessler
TM, Garcia MV, Biaggio EPV. Treinamento auditivo
computadorizado em uma adolescente portadora de
neurofibromatose do tipo 2. Disturb Comun, 2018; 30(3):
534-41.

Musiek FE, Chermak GD, Weihing J. Auditory Training. In:
Musiek FE, Chermak GD. Handbook of Central Auditory
Processing Disorder, Plural Publishing, 2007.

Engel AC, Bueno CD, Sleifer P. Treinamento musical e
habilidades do processamento auditivo em criangas: revisio
sistematica. Audiol Commun Res, 2019; 24: e2116.

Melo A, Mezzomo CL, Garcia MV, Biaggio EPV. Computerized
auditory training in students: electrophysiological and
subjective analysis of therapeutic effectiveness. Int Arch
Otorhinolaryngol, 2018; 22(1): 23-32.

Teki S, Chait M, Kumar S, Shamma S, Griffiths TD. Segregation
of complex acoustic scenes based on temporal coherence. eLife,
2013; 2(e00699): 1-16.

Krishnan A, Gandour JT. Shaping brainstem representation
of pitch-relevant information by language experience. In:
Kraus N, Anderson S, White-Schwoch T, Fay RR, Popper AN.
The Frequency Following Response A Window into Human
Communication. Switzerland: Springer; 2017, 45-74.

Hayes EA, Warrier CM, Nicol TG, Zecker SG, Kraus N. Neural
plasticity following auditory training in children with learning
problems. Clin Neurophysiol, 2003; 114(4): 673-84.

Simées HO, Zanchetta S, Furtado EE. Métodos de treinamento
auditivo em criangas com diagndstico psiquidtrico: revisao
integrativa da literatura. Rev CEFAC, 2020; 22(2): e18318.
Musiek FE, Berge BE. How electrophysiologic tests of central
auditory processing influence management. In: Bess F, editor.
Children with Hearing Impairment: Contemporary trends.
Nashville, TN: Vanderbilt Bill Wilkerson Center Press; 1998,
145-62.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

Asal SI, Sobhy OA, Morsy HM. Effect of auditory temporal
processing training on behavioral and electrophysiological
functions in central presbycusis. Egypt J Otolaryngol, 2018;
34: 68-75.

Kraus N, McGee T, Carrell T, King C, Littman T, Nicol T.
Discrimination of speech-like contrasts in the auditory
thalamus and cortex. ] Acoust Soc Am, 1994; 96(5Pt.1):
2758-68.

Kraus N. Speech-sound perceptual learning. Hear J, 1999;
52(11): 64-6.

Murphy CFB, Filippini R, Palma D, Zalcman TE, Lima JP,
Schochat E. Auditory training and cognitive functioning in
adult with traumatic brain injury. Clinics, 2011; 66(4): 713-5.
Harris DP, Hall JW. Feasibility of auditory event-related
potential measurement in brain injury rehabilitation. ] Am
Aud Soc, 1990; 11(5): 340-50.

American Academy of Audiology. Clinical Practice Guidelines:
Diagnosis, Treatment and Management of Children
and Adults with Central Auditory Processing Disorder.
2010. [cited 2020 July 21]. Available from: https: //www.
audiology.org/publications-resources/document-library/
central-auditory-processing-disorder.

Elkholy MM, Ebraheim AM, El-Fayoumy NM. Brain responses
to auditory oddball task in children with benign childhood
epilepsy with centrotemporal spikes: quantitative analysis
and correlation with neuropsychological assessment scores.
Epilepsy Behav, 2018; 80: 272-9.

Cota BCL, Fonseca JGM, Rodrigues LOC, Rezende NA, Batista
PB, Riccardi VM et al. Amusia and its electrophysiological
correlates in neurofibromatosis type 1. Arq Neuro-Psiquiatr,
2018; 76(5): 287-95.

Cota BCL. Amusia como distirbio auditivo central na
Neurofibromatose tipo 1 [thesis]. Belo Horizonte: Minas
Gerais, Universidade Federal de Minas Gerais, Faculdade de
Medicina, 2016.

Bluschke A, von der Hagen M, Papenhagen K, Roessner
V, Beste C. Conflict processing in juvenile patients with
neurofibromatosis type 1 (NF1) and healthy controls: two
pathways to success. Neuroimage Clin, 2017; 14: 499-505.
Lehtonen A, Howie E, Trump D, Huson SM. Behaviour in
children with neurofibromatosis type 1: cognition, executive
function, attention, emotion, and social competence. Devel
Med Child Neurol, 2012; 55(2): 111-25.

2022 Vol. 12 - No. 3

Journal of Hearing Science -



