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Abstract

Background: Speech-ABR is an electrophysiological procedure that makes it possible to monitor the processing of auditory information in the
subcortical region, easily and quickly, applicable even to very young subjects. So far there are no data in the literature describing the stand-
ards of normality of FFR in Italian children and adolescents. So the objective of the study was to assess the FFR in Italian children and ado-
lescents with normal hearing.

Methods: Twenty-four children and young adolescents, 12 female and 12 male, participated in the study. Their age ranged from 9 to 14 years (av-
erage 11.8 years). All subjects were Italian native speakers, right handed and with normal hearing. All subjects had normal behavioral and elec-
trophysiological hearing thresholds. The speech-ABR recordings were acquired by a Biologic Navigator Pro (Natus, USA) with BioMark software.

Results: The analysis for absolute latency of speech sounds (specifically for the syllable /da/) gave: latency (ms) (male/female) wave V (6.57/6.41),
wave A (7.49/7.54), wave C (18.34/18.57), wave D (22.07/22.22), wave E (30.74/30.50), wave F (39.12/39.19), and wave O (48.06/47.88). For
amplitude (1V), the responses were: (male/female) wave V (0.10/0.11), wave A (0.21/0.22), wave C (0.11/0.11), wave D (0.12/0.13), wave E
(0.19/0.24), wave F (0.22/0.21), and wave O (0.18/0.09). Complex VA: Slope (male/female), 0.33/0.30; Area (male/female), 0.28/0.37.

Conclusions: We found different FFR profiles in the 24 children to those reported in the literature in adult subjects.
Key words: FFR « speech perception e electrophysiology

EVALUACION DE POTENCIAL EVOCADO AUDITIVO DE SEGUIMIENTO (PEA-S)
EN LOS NINOS ITALIANOS: ESTUDIO PILOTO

Resumen

Introduccion: Speech-ABR es un procedimiento electrofisiolgico que permite monitorizar el procesamiento de la informacion auditiva en
la region subcortical de una manera facil y rapida, incluso en los pacientes muy jovenes. Hasta el momento, no hay datos en la literatura que
describa los estandares de PEA-S en nifos y adolescentes italianos. El objetivo del estudio fue evaluar la FFR en ninos y adolescentes italia-
nos con audiciéon normal.

Métodos: En el estudio participaron 24 nifos y adolescentes, 12 mujeres y 12 hombres. Su edad oscil6 entre los 9 y 14 afios (media de 11.8
afios). Todos los sujetos eran hablantes nativos de la lengua italiana, diestros, con audiciéon normal. Todos los sujetos tenian umbrales con-
ductuales y electrofisioldgicos normales. Los registros de Speech-ABR se han registrado utilizando Biologic Navigator Pro (Natus, EE. UU.),
con el software BioMark.

Resultados: Los resultados del andlisis para una latencia absoluta de los sonidos del habla, mas precisamente para la silaba / da /: latencia
(ms) (hombre / mujer) onda V (6.57 / 6.41), onda A (7.49 / 7.54) onda C (18.34 / 18.57), onda D (22.07 / 22.22), onda E (30.74 / 30, 50), onda
F (39.12/ 39.19) y onda O (48.06 / 47.88) Para la amplitud (uV) las respuestas fueron las siguientes: (masculina / femenina) onda V (0.10 /
0.11), onda A (0.21/0.22), onda C (0.11/0.11), onda D (0.12/ 0.13), onda E (0, 19 / 0.24), onda F (0.22 / 0.21) y onda O (0, 18 / 0.09). Com-
plejo VA - pendiente (masculino / femenino): (0.33 / 0.30) y area (masculino / femenino): (0.28 / 0.37).

Conclusiones: Se encontraron diferentes perfiles de FFR en los 24 nifios, que difieren de los descritos para adultos en la literatura.

Palabras clave: nifos italianos « FFR « percepcion del habla « electrofisiologia.
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OIIEHKA IIOTEHIIMAJIOB, BOCITPOM3BOISIINX YACTOTY (FFR)
Y UTATBSTHCKUX JETEN: IIVJIOTHOE VICC/IEJOBAHUE

AHHOTAIMA

Beepenne: KCBII peun - 310 a/1eKTpodu3nonorndeckas mporenypa, KoTopas Mo3BOJIsAeT IeTKO U ObICTPO HAOMIOATD 3a IMPOLeCCOM
06paboTKM c1yxoBoi MHGPOPMALUN B IIOAKOPKOBOI 06/IaCTY [JaKe Y OYeHb Ma/IeHbKIX IAL[MeHTOB. [0 HaCTOsIIero BpeMeH! B /-
TepaType OTCYTCTBYIOT JaHHbIE, ONMChIBaomye ctanaaptbl HopM FFR y nranpanckux gereit u nogpocTkos. 1lenbio nccnegosanns
sBneTcs oneHka FFR y ntanbsHCKuX ieTeii ¥ MOGPOCTKOB C HOPMa/IbHBIM CIIyXOM.

Mertoppr: B nccnenoBanuy npuH:AIO yyactue 24 pebeHKa U IO[POCTKA, M3 KOTOPBIX ObI/1o 12 feBoyek 1 12 mManbunkos. VIX Bospact
Kone6ancs ot 9 mo 14 ner (cpepumit 11,8 net). Bce o6cnmenyempie ObIIM HOCUTENAMY UTANbSHCKOTO A3BIKA, IIPABIIN, C HOPMATbHBIM
cmyxoM. Bce o6cenyeMble MMeny HopManbHbIe MTOBefileHYeCKUe 1 s7eKTpodusnonorndeckue noporu. amcu KCBIT peun 6bi1n 3a-
perucrpupoBaHsl ¢ momoibio Biologic Navigator Pro (Natus, CIIIA) ¢ mporpammubiM obecriedennem BioMark.

Pesynbrarsi: PesynpraTsl aHam3a aGCOMIOTHON IATEHI[MN B IMAIIa30He peYeBbIX 3ByKOB, TOYHee [ist crora /da/: marennus (ms) (Mysx-
CKOI1 1071/ >KeHcKuii mon) BonHa V (6,57 / 6,41), sonna A (7,49 / 7,54), sBonua C (18,34 / 18,57), Bonna D (22,07 / 22,22), Bonua E (30,74
/ 30,50), Bonua F (39,12 / 39,19) u Bonna O (48,06 / 47,88) [lns ammutyns! (MKB) 6bUIM [TOTy4YeHBI ClIefyIoLIie OTBEThI: (MY>XCKOI
1o/ ykeHuckuit mon) Bonxna V (0,10 / 0,11), Bonna A (0,21 / 0,22), Bonua C ( 0,11 / 0,11), Bonmwa D (0,12 / 0,13), Bonna E (0,19 / 0,24),
BonHa F (0,22 / 0,21) u Bonxa O (0, 18 / 0,09). Kommnekc VA: orkinoHeHue (My»Kckoit mon/ sxeHckuit mon): (0,33 / 0,30) n o6macts
(my>kckoit mon/ sxeHckumit on): (0,28 / 0,37).

Beisogpr: B ciydae 24 mereit 6p1mm o6HapyeHsl mpodumn FFR, oTnnyanolguecs oT pe3yabTaToB B3POC/BIX, ONVMCAHHBIX Ha JaHHBII
MOMEHT B JIUTEpaType.

Knrouesbie cmoBa: nranbsaHckue ety « FER o BocnpusaTne peun o spekrpodusnonorns

OCENA CZESTOTLIWOSCIOWE] ODPOWIEDZI WYWOLANE] U WLOSKICH
DZIECI: BADANIE PILOTAZOWE

Streszczenie

Wstep: ABR mowy jest procedury elektrofizjologiczng, ktéra umozliwia monitorowanie przetwarzania informacji stuchowej w rejonie podko-
rowym, w fatwy i szybki sposdob, nawet w przypadku bardzo mlodych pacjentow. Jak dotad w literaturze nie ma danych opisujacych standardy
norm FFR u wloskich dzieci i mlodziezy. Celem badania byla ocena FFR u wioskich dzieci i mlodziezy z prawidtowym stuchem.

Metody: W badaniu wzigto udzial 24 dzieci i natolatkéw, 12 plci zenskiej i 12 plci meskiej. Ich wiek wahat sie od 9 do 14 lat ($rednia 11,8 lat).
Wszyscy badani byli rodzimymi uzytkownikami jezyka wloskiego, praworeczni, z normalnym stuchem. Wszyscy badani mieli normalne pro-
gi behawioralne i elektrofizjologiczne. Zapisy ABR mowy zostaly zarejestrowane za pomoca Biologic Navigator Pro (Natus, USA) - z opro-
gramowaniem BioMark.

Wyniki: Wyniki analizy bezwzglednej latencji dzwiekéw mowy, a doktadniej dla sylaby /da/: latencja (ms) (mezczyzna / kobieta) fala V (6,57
/ 6,41), fala A (7,49 / 7,54), fala C (18,34 / 18,57), fala D (22,07 / 22,22), fala E (30,74 / 30, 50), fala F (39,12 / 39,19) i fala O (48,06 / 47,88)
Dla amplitudy (uV) odpowiedzi byty nastepujace: (mezczyzna / kobieta) fala V (0,10 / 0,11), fala A (0,21 / 0,22), fala C (0,11 / 0,11), fala D
(0,12 /0,13), fala E (0, 19 / 0,24), fala F (0,22 / 0,21) i fala O (0,18 / 0,09). Kompleks VA - nachylenie (m¢zczyzna / kobieta): (0,33 / 0,30)
i obszar (mezczyzna / kobieta): (0,28 / 0,37).

Whioski: U 24 dzieci wykryto profile FFR réznigce si¢ od tych dla os6b dorostych opisywanych dotad w literaturze.

Stowa kluczowe: wloskie dzieci « FFR « percepcja mowy e elektrofizjologia

Introduction

The electrophysiological assessment of the auditory path-
ways allows us to have a better understanding of the
mechanisms involved in the perception of acoustic stim-
uli (1). Different electrophysiological protocols are used
in the assessment of the auditory periphery, brainstem
and auditory cortex. Recently, auditory brainstem re-
sponses have been elicited by human speech stimuli, in
order to study the mechanisms and pathways of the au-
ditory subcortical stimulation (2-5). These responses
can be considered as a discrete biological marker and
they can discriminate healthy individuals from those
presenting various types of hearing pathologies. Proto-
cols based the frequency following response (FFR) can
be applied to all subjects, even to young children at pre-
school age (2, 3, 6-10).
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The stimulus template was developed by Kraus et al. at
Northwestern University (5). From the large family of pos-
sible complex speech stimuli, the syllable /da/ has been
the most widely used (10). The stimulus consists of two
parts: the consonant /d/ (transient portion or onset) and
the short vowel /a/ (sustained portion or following fre-
quency response). Upon stimulation with the syllable /da/,
the subcortical electrophysiological response emerges as a
waveform composed by seven distinct wave peaks termed
as: V, A, C, D, E, E and O. Waves V and A reflect the on-
set of the response (called also VA complex), wave C the
transition region, waves D, E and F the periodic region
(the frequency following response), and wave O the off-
set of the response (2, 3, 5, 11). A typical FER response is
shown in Figure 1.

Italian is the official language in Italy and San Marino, and
one of the official languages of Switzerland. The presence
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of the Italian language, mostly northern Italian dialects, is
abundant in Brazil, Argentina and Uruguay. In these coun-
tries, Spanish and Portuguese were influenced by Italian (12).

FFR is an electrophysiological procedure that makes it pos-
sible to monitor the processing of auditory information in
the subcortical region, in an easy and fast manner, appli-
cable even to very young subjects. So far there are no data
in the literature describing FFR responses in Italian chil-
dren and adolescents. In this context, the objective of the
study was to assess the FFR characteristics in Italian chil-
dren and adolescents with normal hearing.

Methods

Ethics statement

This study was approved by the University of Ferrara,
Ethics in Research Committee, under protocol number
160387. Data were collected from March to June 2016 at
the Audiology & ENT Clinic of Ferrara University. Writ-
ten informed consent was obtained from the parents of all
the participating children prior to data collection.

Participants

Twenty-four children / young adolescents, 12 female and
12 male, participated in the study. Their age ranged from
9 to 14 years (average 11.83 y). All subjects were Italian
native speakers, right handed and with a normal hearing.

All participated subjects passed the following inclusion
criteria:

o A hearing threshold < 15 dB HL (250 to 8000 Hz) (13);

o A type A tympanogram with a presence of ipsilateral
and contralateral acoustic reflexes (500 to 4000Hz), in
both ears (13, 14);

o A normal response = 95% to the dichotic digits test,
a central auditory processing testing procedure (15);
A normal click auditory brainstem response (ABR) with
waves I, IIT and V present and with an inter-peak inte-
rval I-IIL, III-V and I-V within normal latency stan-
dards (I: 1.54; III: 3.67; V: 5.52; I-11I: 2.13; III-V: 1.85;

1-V: 3.98 ms)

No history of neurological disorders;

» No language or learning complaints. This information
was provided by the subject’s parents and teachers.

Procedures

The electrophysiological evaluation was conducted using
the Biologic Navigator Pro apparatus (Natus, USA). All
FFR responses were recorded in a sound-attenuated and
electrically shielded room, where subjects passively sat
comfortably on a reclining chair. Prior to the ABR record-
ing, skin cleaning was performed at each spot where the
electrodes were to be fixed. Electrodes were then dipped
in a conductive paste and then placed on skin with the
help of adherent paste. These procedures ensured good
impedance between skin and electrodes.

FFR responses were collected using one channel with the
surface electrodes fixed according to the 10-20 positioning

Amplitude (uv)  Electrophysiological response to synthesized syllable /da/

Short vowel /a/

Consonant /d/
v

¢
D E

A : F i
Transition Final

10 ‘FO 30 40 Latency (ms)

Transient portion (onset) Sustained portion

(FFR - Frequency Following Response)

Figure 1: Typical FFR response (10) showing the time
location (latency) of the seven FFR waves

system: the active electrode was positioned at the vertex
(Cz), the reference electrode at the ipsilateral mastoid and
the ground at the contralateral mastoid (16). Automatic
switching function of reference signals and the amplifier
ground based on the stimulated ear was activated on the
equipment. The electrode from the left ear was connected
to input 2 channel 1 and the electrode from the right ear
was connected to ground connection cable. During the re-
cording session, impedance was maintained at below 5 kQ
and inter-electrode impedance below 3 kQ.

During the evaluation, participants were asked to keep
their eyes closed in order to avoid eye movement artifacts.
Also, changes in subject’s position (by changing the chair’s
recline angles) were tested for those who showed myogen-
ic artifacts, with the purpose of establishing the best re-
cording conditions. The order of the ear tested was rand-
omized across subjects.

The FFR responses were elicited using a 40 ms synthetic
speech syllable /da/, provided by the BloMARK software
module of the Biologic Navigator Pro apparatus. An al-
ternating polarity stimulus was presented monaurally to
the right ear through the Biologic ER-3A insert earphones,
with a repetition rate of 10.9 /s and an intensity of 80 dB
SPL. Two blocks of 3000 artifact-free sweeps were collect-
ed. These were summed and the averaged wave peaks were
identified and analyzed. Stimuli of alternative polarities
were used in order to isolate the neural responses from
the cochlear microphonic and to reduce the influence of
stimulus artifacts (17)' A time window of 85.33 ms (in-
cluding 15 ms of pre-stimulus time) and online filter set-
ting of 100 — 2000 Hz were used. Recordings with more
than 10% sweeps rejected as artifact, were repeated to ob-
tain a reliable response with less artifact contamination.

All analyses were conducted offline and the waves were
visually identified and manually marked. The initial laten-
cy values of the seven waves (V, A, C, D, E, F and O) were
based on analysis criteria from previously published stud-
ies (2-6, 11, 18, 19). The analyses were focused on four ma-
jor elements: the onset portion or early vocalization (the
consonant portion represented by waves V and A or by
the so called complex VA), the transition period between
the consonant and vowel (wave C), the sustained portion
/ FER - vowel (Waves D, E, F) and the offset portion or
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Table 1. Latencies and amplitudes (means and standard deviations) of FFR responses in male and female subjects

\' A C D
Gender Lat (ms) Amp (mV) Lat (ms) Amp (mV) Lat (ms) Amp (mV) Lat (ms) Amp (mV)
M SD M SD M SD M M SD M SD M SD M SD
Male 6.57 023 0.10 005 749 033 021 005 1834 034 0.11 0.11 2207 032 0.12 0.07
Female 6.41 028 0.11 005 7.54 027 022 005 1857 044 0.11 0.10 2222 031 0.13 0.08
E F (o}
Gender Lat (ms) Amp (mV) Lat (ms) Amp (mV) Lat (ms) Amp (mV)
M SD M SD M M SD M SD M SD
Male 30.74 0.54 0.19 0.05 39.12 0.22 0.08 48.06 0.81 0.18* 0.09

Female 30.50 0.53 0.24 0.09 39.19

0.21 0.10 47.88 0.49 0.09* 0.05

Key: M, mean; SD, standard deviation; Lat, latency; Amp, amplitude.

The * symbol indicates a significant difference at p < 0.05

Table 2. VA measures of FFR responses between genders
— slope and area under the curve (mean and standard
deviation). No significant differences were observed at
p <0.05

Slope VA (uV/ms) Area VA (uV x ms)

Gender
Value SD Value SD
Male 0.33 0.09 0.28 0.09
Female 0.30 0.09 0.37 0.12

the end of vocalization - vowel (wave O). The first step of
the analyses was to identify the onset portion of the re-
sponse with latency values less than 10 ms. The onset por-
tion of the response consists of a positive peak (wave V)
followed by a negative peak (wave A). In a second step,
the waves C, D, E, F and O were identified, which present
negative peaks (5, 11, 20). The VA complex (component of
the onset response) was investigated by its slope (v / ms)
and by its area under the slope (uv x ms) measures. Visu-
al representations of FFR responses can be found in pre-
vious publications (2,10).

Statistical analyses

The data were explored with the standard statistical tools
(i.e. means, distributions of the means, histograms etc).
The Shapiro-Wilk procedure was used to evaluate the nor-
mality of the data distributions. Mean gender differences
were explored with an analysis of variance (ANOVA) pro-
cedure, under the assumption that the data were normal-
ly distributed. The sample size was estimated by previous
sample data using an acceptable error estimate of 0.2. All
statistical analyses were conducted using the R-project soft-
ware (www.r-project.org) with a level of significance of
5% (p < 0.05).

Results

Latency

The data showed that the male subjects have reduced
mean latency values in relation to the female subjects, in
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the following components: wave A, wave C, wave D and
wave F The female subjects have reduced latency values
in the following components: wave V, wave E and wave O.
The greatest difference in latency values between the two
groups was observed in the wave E. These differences were
not statistically significant.

These results are summarized in Table 1.
Amplitude

In terms of wave amplitude values for the majority of com-
ponents (wave V, A, D, and E) the female subjects pre-
sented higher averages in comparison to the male FFR re-
sponses: The latter presented higher averages for waves F
and O. The greatest difference in amplitude values was ob-
served at the wave O and it was the only difference which
was found statistically significant. The results are summa-
rized in Table 1. The Analytical ANOVA results are pre-
sented in Table 3.

Complex VA

Results from the complex VA show that the male subjects
presented higher averages, across the 7 waves, for the slope
component of the VA complex. The female subjects pre-
sented higher responses in the area component of the VA
complex. The data did not indicate any significant differ-
ences. The results are summarized in Table 2.

Discussion

The objective of the study was to assess the characteris-
tics of the Frequency Following Responses in normacu-
sic Italian children and adolescents.

In this study FFR data were acquired from twenty-four
children and young adolescents who were Italian native
speakers. Their age ranged from 8 to 14 years. The male
subjects had an average age of 11.7 y and the female sub-
jects an average age of 12 y. We have found different FFR
profiles to those reported in the literature specially from
adult subjects (9,20,21). The male subjects showed faster
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Table 3. Analytical ANOVA data per wave (variables = latency and amplitude). The only significant gender difference
(indicated by **) was observed for the amplitude of wave O. Level of significance p< 0.05

Sum Sq Mean Sq F value Pr(>F)
V_latency 0.1411 0.14107 2.144 0.157
V_amplitude 0.0024 0.0024 1.078 0.310
A_latency 0.0171 0.01707 0.183 0.673
A_amplitude 0.00004 0.0000375 0.014 0.906
C_latency 0.308 0.3083 2.008 0.170
C_amplitude 0.0002 0.000204 0.017 0.898
D_latency 0.1247 0.1247 1.242 0.277
D_ampitude 0.00027 0.000267 0.045 0.834
E_latency 0.353 0.35281 0.215 0.282
E_amplitude 0.01354 0.013538 2.368 0.138
F_latency 0.0294 0.0294 0.335 0.569
F_amplitude 0.00082 0.000817 0.096 0.760
O_latency 0.18 0.1803 0.4 0.534
O_amplitude 0.04335 0.04335 7.543 0.0118*

FFR responses, that is, the appearance of the waves oc-
curred at smaller latencies for waves A, D, and F and for
the VA slope. In contrast, the female subjects presented
faster responses (shorter latencies) for the V, C, E, and
O waves, and in VA area. The mean amplitude of the C
wave was found similar across genders. The only signif-
icant difference between genders was observed for wave
O, which was also accompanied by large SD values of the
male FFR responses. The high SD values can be interpret-
ed as a sign of a non-very homogenous sample, suggesting
the need of a greater sample size in any future FFR stud-
ies on Italian speakers.

The data of this study do not corroborate with the data of
Krizman et al. (21), who has reported that there is a differ-
ence between responses of adult female subjects (with lower
latency values and higher amplitude values) and adult male
subjects in the transient portion of the FFR. A possible ex-
planation of why the data of this study do not show any
extensive gender effects could be the fact that the auditory
functions responsible for the codification of speech stimu-
li in children and adolescents continue to mature towards
adulthood. This is supported by data presented from Skoe
et al. (22) showing that the speech ABR response evolves
and matures from the period of childhood to adulthood.
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