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INTRODUCERE
Fenomenul otoemisiunilor acustice reprezinta un instrument relativ nou pentru diagnosticul
audiologic. Otoemisiunile acustice reprezintd o metoda noninvaziva, obiectiva, de scurta durata care
permite aprecierea functiondrii celulelor ciliate externe. Teza de fatd 1si propune si analizeze



performanta otoemisiunilor acustice evocate, utilizata drept metod3 de diagnostic audiologic, atat in
screeningul auditiv neonatal, cat si pentru evaluarea pacientilor adulti.

Structura acestei teze include o prima parte, axata pe stadiul actual al cunoasterii temei propuse
si 0o a doua parte privitoare la contributia personalad. Stadiul actual al cunoasterii face un rezumat al
datelor legate de istoricul otoemisiunilor acustice, mecanismul de generare, tehnica inregistrarii,
clasificarea, aplicatiile clinice, avantajele si dezavantajele acestora. Comparatia dintre otoemisiunile
acustice tranzitorii si produsii de distorsiune implica recapitularea unor date legate de: stimulul utilizat
pentru evocarea acestora, mecanismul de generare, informatii legate de gama frecventiala specifica
fiecarei metode.

Contributia personala este structurata in cinci studii, care si-au propus sa analizeze performanta
celor doua tipuri de otoemisiuni acustice. Studiile legate de screeningul auditiv neonatal, cuprinse in
aceasta teza de doctorat, au fost efectuate pe populatia pediatrica generala si gemelard, in varsta de
maxim 6 luni si au avut scopul de a analiza comparativ rezultatele screeningului auditiv neonatal prin
utilizarea celor doua tipuri de otoemisiuni acustice. Studiul efectuat pe populatia pediatrica gemelara a
comparat rezultatele screeningului auditiv neonatal al populatiei gemelare cu cele obtinute de populatia
generald, de nou-nascuti unici, avand scopul de a evidentia relatia intre sarcina gemelara si hipoacuzia
congenitald, fapt foarte putin studiat in literatura de specialitate. Pe langa oferirea unor date despre
variatiile hipoacuziei intre diferite populatii, screeningul auditiv neonatal ar trebui sa prezinte
instrumente de evaluare a eficacitatii acestuia, motiv pentru care a fost inclus studiul de validare al
chestionarului de satisfactie parentala privind screeningul auditiv neonatal in limba romana, chestionar
care permite evaluarea si imbunatatirea programului de screening auditiv. Studiile efectuate pe populatia
generald adultd au analizat relatia dintre cele doua tipuri de otoemisiuni acustice si pragul audiometric in
vederea aprecierii gradul de predictie al otoemisiunilor acustice asupra auzului fiecarei urechi (normal
sau patologic), utilizdnd analize statistice univariate si multivariate. Ceea ce aduce nou aceasta teza de
doctorat este raportarea performantei otoemisiunilor acustice la pragul auditiv, calculat drept media
aritmetica pe frecventele cuprinse intre 1-4 kHz, celelalte studii analizdnd performanta otoemisiunilor
acustice in functie de pragul audiometric inregistrat pe fiecare frecventa. Un alt aspect incitant in
literatura de specialitate si relativ putin studiat este reprezentat de comparatia rezultatelor obtinute prin
masurarea otoemisiunilor acustice, pe acelasi lot de pacienti (populatie pediatrica si adultd), cu auz
normal, comparatie care vizeaza diferentele de functionare ale urechii interne, existente intre cele doua
populatii.

CONTRIBUTIA PERSONALA

Studiul 1. Studiul comparativ al otoemisiunilor acustice tranzitorii si al produsilor de
distorsiune utilizati in screeningul auditiv neonatal

Scop. Obiectivul specific legat de screeningul auditiv neonatal in populatia pediatrica generala
este reprezentat de evaluarea comparativa a performantei celor doua tipuri de otoemisiuni acustice in
detectarea hipoacuziei congenitale si efectele variatiei valorii SNR-ului si a numarului de frecvente, pe
care sunt Inregistrate otoemisiunile acustice, asupra rezultatelor screeningului auditiv neonatal.

Material si metoda. Lotul final de pacienti a inclus un numar de 176 pacienti, cu o varsta medie
de 1,76 luni (0,3-8luni), evaluati audiologic cu ajutorul otoemisiunilor acustice, in timpul somnului
fiziologic. Analiza statistica s-a axat pe metoda clusterizarii si analiza modificarilor ratei de pass/refer
prin variatia a doi parametri: valoarea SNR-ului si numarul de frecvente.

Rezultate. Rezultatele analizei k means au evidentiat cd valoarea fiecarui cluster a fost diferita in
functie de urechea, de frecventa testata si de tipul otoemisiunilor acustice utilizate, prezentand o rata a
acuratetii mai mica pentru TEOAE si mai mare pentru DPOAE, in comparatie cu criteriile de screening
auditiv. Metoda k means a evidentiat o ratd de pass mai mare pentru DPOAE decat TEOAE, pentru ambele
urechi (urechea dreapta: 56,6% comparativ cu 54,3%, urechea stanga: 54% comparativ cu 45,5%).

Analiza otoemisiunilor acustice in functie de valoarea SNR-ului si de numarul de frecvente a
evidentiat faptul ca utilizarea criteriilor cele mai stringente (valoarea SNR-ului egald sau mai mare de 10
dB SPL pe 4 frecvente) a condus la scaderea ratei de pass la 30,3% pentru TEOAE si 71,3% pentru DPOAE.

Analiza otoemisiunilor acustice conform criteriului de screening auditiv nu a relevat existenta
diferentelor semnificative statistic Intre cele doua urechi, cu exceptia frecventei de 1,5 kHz, in favoarea
urechii stangi pentru TEOAE. Lotul de 176 pacienti testati auditiv, atat cu TEOAE, cat si cu DPOAE,
prezinta valori relativ similare ale ratei de pass si refer.

Concluzii. Otoemisiunile acustice reprezintd o metoda usor de utilizat, de scurtd durata,
noninvaziva si relativ ieftina, fiind indicata ca metoda de prima intentie in screeningul auditiv neonatal.
Cu toate acestea, este necesarad o standardizarea criteriilor optime de pass, criterii care raman la limita
intre sensibilitatea si specificitatea metodei audiologice.



Studiul 2. Studiul otoemisiunilor acustice in screeningul auditiv neonatal al populatiei
gemelare

Scop. Studiul isi propune compararea rezultatelor screeningului auditiv la populatia gemelara cu
cele obtinute de populatia generala de nou-nascuti unici.

Material si metoda. Lotul de studiu a fost alcatuit din 58 pacienti pediatrici, cu varsta medie de
1,9 luni (0,2-4,1 luni), impartit in doua grupuri: grupul 1 (11 perechi de gemeni) si grupul 2 (36 pacienti,
de unici nascuti). Analiza statistica a implicat utilizarea testului t student si a corelatiei Pearson.

Rezultate. Compardnd valorile medii ale TEOAE SNR-ului inregistrate pe fiecare frecventa,
pentru cele doua grupuri, s-au obtinut valori semnificative doar pentru frecventa de 2 kHz (p=0,04)
pentru urechea dreaptd, iar in cazul urechii stingi, s-au obtinut valori semnificative statistic pe
frecventele joase de 1 si 1,5 kHz (p=0,04, respectiv 0,03). Nu s-au Inregistrat diferente semnificative
statistic privitor la valoarea TEOAE SNR-ului intre cele doud urechi, in niciun grup de studiu. Comparand
valorile medii ale DPOAE SNR-ului la urechea dreaptd, inregistrate pe fiecare frecventa, pentru cele doua
grupuri, am inregistrat valori semnificative doar pentru frecventa de 2 kHz (p=0,03). Nu s-au inregistrat
diferente semnificative statistic pentru DPOAE SNR-ul celor doua urechi in niciun grup.

Concluzii. Gemelaritatea nu reprezinta un factor de risc pentru hipoacuzia congenitald, in schimb
riscurile sarcinii gemelare sau multiple sunt cele care grefeaza riscul de hipoacuzie.

Studiul 3. Validarea chestionarului de satisfactie al parintilor privind programul de
screening auditiv neonatal in limba romana

Scop. Acest studiu si-a propus sa valideze versiunea romaneasca a chestionarului de satisfactie a
parintilor in legatura cu programul de screening auditiv neonatal.

Material si metoda. Acest studiu a implicat participarea voluntara a 137 parinti. Pentru testarea
gradului de incredere test-retest, un esantion de 30 de participanti, ales aleator, au fost rugati sa
completeze chestionarul, dupa o luna (doar 25 au returnat chestionarul).

Chestionarul contine 28 de intrebari, structurate in jurul a patru factori: informarea parintilor
(intrebarile 1-5), satisfactia privind personalul medical (intrebari 9-16), satisfactia privind schema de
programare (intrebarile 8, 17-22) si satisfactia generald (intrebarile 23-26). Evaluarea psihometrica a
chestionarului de satisfactie a parintilor a inclus evaluarea consistentei interne, a validitatii constructiei si
a gradului de incredere test-retest.

Rezultate. 89,1% dintre participanti au declarat ca au aflat prima data, de screeningul auditiv de
la doctorii din spital, iar 62% au afirmat cd nu au primit nicio informatie scrisa, Tnainte de testarea
auditiva. 2,9% dintre participanti au subliniat importanta informatiilor scrise primite Tnainte de testarea
auditiva propriu-zisa si 0,7% au subliniat rolul important al mediei, in informarea populatiei privind
programul de screening auditiv neonatal. Satisfactia parintilor cu privire la personalul medical a
inregistrat o valoare medie de 3,49 (1,28-4,88). 61,3% dintre participanti au raspuns ca fiind de acord sau
total de acord. Rezultatele investigarii satisfactiei parintilor privind orarul de programare evidentiaza o
valoare medie de 3,7 (1,38-4,72). 67,4% dintre participantii la acest studiu au raspuns ca sunt de acord
sau total de acord la toate intrebarile privind orarul de programare. Satisfactia generala a parintilor a
inregistrat o valoare medie de 2,93 (1,16-4,69), iar procentul participantilor care au raspuns ca sunt de
acord sau total de acord a fost ridicat (98,5%). Pentru imbunatatirea informatiilor scrise despre
programul de screening auditiv neonatal, doar 10 participanti din intreg lotul au sugerat: trimiterea de
brosuri (2,9%), informatii transmise prin media (0,7%). 47,4% dintre participanti au fost multumiti de
personalul medical responsabil de testarea copiilor. 8,8% dintre participanti au avut observatii legate de
orarul de programare (2,1%), de numdarul mic al personalului medical (0,7%) si de mediul de testare
(2,1%).

Coeficientul alpha pentru intreg chestionarul (a=0,75) evidentiaza o consistenta internd buna, iar
cele patru dimensiuni au prezentat un coeficient o care variaza intre 0,56-0,81. Investigarea validitatii
constructiei chestionarului a relevat valori de corelatie pozitive acceptabile: satisfactia generala
semnificativ corelata cu satisfactia privind personalul medical si orarul de programare, valori de corelatie
pozitive moderate: informarea parintilor si orarul programarilor, si valori de corelatie puternica intre
satisfactia privind personalul medical si orarul de programare. Gradul de incredere test-retest a
evidentiat grade de corelatie Spearman semnificative si foarte puternice pentru satisfactia general3,
semnificative si puternice pentru satisfactia privind personalul medical si satisfactia privind orarul de
programare si foarte puternice pentru satisfactia privind informarea parintilor.

Concluzii. Chestionarul de satisfactie parentald, tradusa si adaptata in limba romana reprezinta
un instrument valid, de incredere pentru investigarea gradului de satisfactie parentald privind
screeningul auditiv neonatal.



Studiul 4. Studiul otoemisiunilor acustice tranzitorii si al produsilor de distorsiune in
evaluarea audiologica a populatiei adulte - analiza univariata

Scop. Obiectivul specific al studiului este reprezentat de evaluarea performantei fiecarui tip de
otoemisiune acustica, pentru fiecare ureche si pe fiecare frecventd, pe o populatie adulta cu auz normal si
cu diferite grade de hipoacuzie neurosenzoriald, utilizind metoda analizei univariate.

Material si metoda. Lotul de studiu a inclus 105 pacienti aduli, cu media de varsta de 44,8 ani
(13-76 ani), impartit in doua grupuri: grupul 1 (105 urechi drepte) si grupul 2 (105 urechi stangi), care au
fost impartite in doua subgrupuri: subgrupul cu auz normal si cel cu hipoacuzie neurosenzoriala.

Performanta otoemisiunilor acustice a fost cuantificatd prin stabilirea audiometriei tonale
liminare drept metoda gold standard. Analiza univariata a fiecarui tip de otoemisiune acustica a presupus
analiza valorii SNR-ului inregistrate, pe fiecare frecventa si pentru fiecare ureche in parte, In functie de
pragul auditiv. Analiza statistica s-a bazat pe analiza curbelor receiver operating curve si pe metoda
curbelor de supravietuire Kaplan-Meyer pentru a determina varsta asociatd cu hipoacuzie
neurosenzoriala.

Rezultate. Aplicand metoda curbelor ROC, varsta critica asociata cu hipoacuzie neurosenzoriala
a fost identificata ca fiind de 45,6 ani pentru grupul 1 si 41,4 ani pentru grupul 2. Desi sexul si mediul de
provenien{d al pacientilor influenteaza varsta asociata cu hipoacuzie neurosenzoriald, nu au prezentat
semnificatie statisticd; in schimb, prezenta acufenelor doar in grupul 2 a prezentat semnificatie statistica
(grupul 1: acufene prezente, 56,2 ani; p=0,67; grupul 2: acufene prezente, 49,5 ani; p=0,02).

Analiza univariatd a otoemisiunilor acustice pentru grupul 1. Analizind curba ROC a urechii
drepte, pentru TEOAE, s-a observat ca valorile SNR de cut-off cele mai mari s-au inregistrat pentru
frecventele joase de 1 si 1,5 kHz (cut-off<10,95 dB SPL, respectiv 13,1 dB SPL) si cea mai mica valoare pe
frecventa de 4 kHz (cut-off<4,06 dB SPL), iar pentru DPOAE, s-au evidentiat valori ale cut-off-urilor
cuprinse Intre 11 si 12,9 dB SPL pe frecventele 1-4 kHz, cu valori mai mici pe frecventa de 6 kHz (cut-
off=8,5 dB SPL). Valorile AUC pentru ambele tipuri de otoemisiuni acustice, pe toate frecventele testate au
fost mai mari de 0.8.

Analiza univariatd a otoemisiunilor acustice pentru grupul 2. Analizdnd curba ROC a urechii
stangi, pentru TEOAE, s-au inregistrat valori ale SNR cut-off-ului cele mai mari pe frecventele de 1, 1,5 si 3
kHz (cut-off<8,26 dB SPL, 9,84 dB SPL, respectiv 8,86 dB SPL) si cea mai mica valoare pe frecventa de 4
kHz (cut-off<4,06 dB SPL), iar pentru DPOAE, s-au obtinut valori ale cut-off-urilor cuprinse intre 9,4 si
14,2 dB SPL pe frecventele 1-4 kHz si valori mai mici pe frecventa de 6 kHz (cut-off=7,5 dB SPL). Valorile
AUC pentru ambele tipuri de otoemisiuni acustice, pe toate frecventele testate au fost mai mari de 0.8.

Concluzii. Conform rezultatelor analizei univariate efectuate 1n acest studiu, nu este indicata
utilizarea unui criteriu fix pentru SNR pe toate frecventele. Criteriul diagnostic de utilizat in interpretarea
otoemisiunilor acustice trebuie selectat bazat pe caracteristicile populatiei de interes.

Studiul 5. Studiul comparativ al otoemisiunilor acustice tranzitorii si al produsilor de
distorsiune la pacientii cu auz normal si cu hipoacuzie neurosenzoriala - analiza multivariata

Scop. Scopul studiului a fost de a evalua performanta otoemisiunilor acustice utilizand metoda
analizei multivariate, in conditiile in care metoda gold-standard este audiometria tonala liminara.

Material si metoda. Lotul de studiu a implicat participarea a 105 pacienti cu varsta medie de
44,78 ani. Studiul s-a desfasurat pe doud grupuri: grupul urechii drepte si grupul urechii stangi, fiecare
grup de studiu fiind impartit in doua subgrupuri: subgrupul cu auz normal si cel cu auz patologic
(hipoacuzie neurosenzoriala de diferite grade). Pentru analiza multivariata am utilizat metoda regresiei
logistice, factorul dependent fiind auzul (normal sau patologic). La finalul analizei multivariate, s-a
calculat scorul logistic, care a fost utilizat pentru generarea curbele ROC si estimarea valorii ariei de sub
curba, a ratei asociate de eroare standard si a intervalului de incredere pentru fiecare din cele trei analize
multivariate.

Rezultate. Prima analiza multivariata a utilizat doar valorile SNR-ului. TEOAE au prezis cel mai
bine statusul auditiv pe frecventele de 1 si 4 kHz pentru grupul urechii drepte, si pe 1,5 si 3 kHz pentru
grupul urechii stangi. Valoare predictiva pentru auzul normal, prin utilizarea DPOAE, au prezentat doar
frecventele de 2 si 6 kHz pentru grupul urechii drepte, si frecventele de 1 si 6 kHz pentru grupul urechii
stangi. Pentru cea de-a doua analiza multivariata, variabilele cu puterea predictiva cea mai puternica
pentru aprecierea statusul auditiv sunt reprezentate de catre varstd, acufene, doar pentru grupul urechii
stangi (p=0,008), TEOAE SNR-urile pe frecventele 1 si 4 kHz in grupul urechii drepte si pe 1,5 si 3 kHz
pentru grupul urechii stangi. Analizdnd performanta DPOAE, am evidentiat ca cei mai buni predictori ai
auzului normal au fost reprezentati de catre: varsta, DPOAE SNR pe frecventele de 2 si 6 kHz pentru
grupul urechii drepte si DPOAE SNR pe frecventa de 1,5 kHz pentru grupul urechii stangi. A treia analiza



multivariata a demonstrat ca cei mai buni predictori ai auzului normal pentru grupul urechii drepte au
fost reprezentati de catre: varsta, TEOAE pe 1 kHz si DPOAE pe 6 kHz, iar pentru grupul urechii stangi,
varsta, prezenta acufenelor, SNR TEOAE pe frecventa de 3 kHz si SNR DPOAE pe frecventa de 1 kHz. Toate
analizele multivariate au evidentiat valori mari ale AUC, insd cea mai mare valoare pentru AUC am
obtinut-o pentru analiza multivariata combinata.

Concluzii. Chiar aplicind analizele multivariate, performanta perfectd nu este niciodata atinsa.
Desi majoritatea studiilor au demonstrat beneficiul utilizarii analizelor multivariate, inca nu au fost
incorporate in deciziile clinice.

Studiul 6. Studiu comparativ al otoemisiunilor acustice inregistrate la nou-nascuti si
sugari si adulti, cu auz normal

Scop. Obiectivul principal al acestui studiu este de a evidentia, descrie si compara diferentele de
functionalitate ale urechii interne intre populatia pediatrica si cea adultd, cu auz normal si diferentele
intre cele doua sexe.

Material si metoda. Acest studiu cross-sectional a inclus 165 participanti, din care 126 sugari si
39 adulti. Subiectii pediatrici au fost impartiti in trei grupe de varsta: grupul 1, 0-1 luna (11 subiecti),
grupul 2, 1-3 luni (98 pacienti) si grupul 3, 3-6 luni (16 subiecti). Pentru analiza statistica s-au folosit
testul t student si testul Mann-Whitney. Corectia Bonferroni a fost aplicatd pentru ajustarea valorile p-
ului.

Rezultate. Studiul a evidentiat diferente semnificative statistic pentru TEOAE SNR intre
grupurile pediatrice si cel al adultilor pe frecventele joase de 1 si 1,5 kHz, in favoarea adultilor, iar pe
frecventele 1nalte de 3 si 4 kHz, in favoarea sugarilor. Rezultatele studiului au evidentiat diferente
semnificative statistic pe 1 si 1,5 kHz pentru amplitudinea DPOAE pentru ambele urechi la compararea
grupurilor pediatrice cu cel al adultilor. Comparand nivelul DPOAE noise intre lotul pediatric si cel al
adultilor, s-au obtinut diferente semnificative statistic pe gama frecventiala de 2-6 kHz, pentru ambele
urechi. Comparand DPOAE SNR, studiul a evidentiat diferente semnificative pentru ambele urechi pe
toate frecventele testate (p<0,05).

Studiul a evidentiat existenta diferentelor semnificative intre cele doua sexe: sexul feminin a
prezentat nivele de TEOAE semnificativ mai mari decat sexul masculin pentru ambele urechi (grupul 1 si
4). Totodata, analiza nivelului DPOAE noise a evidentiat prezenta diferentelor semnificative statistic intre
cele doud sexe in cazul grupului 2, 3 si 4. In grupul adultilor, s-au inregistrat diferente semnificative
statistic pentru ambele urechi (ureche dreapt3, la 3 si 4 kHz in favoarea sexului masculin; ureche stang3,
la 1, 1,5 si 2 kHz, in favoarea sexului feminin). Analizdnd DPOAE SNR, rezultatele studiului indica
existenta diferentelor semnificative la 3 kHz 1n cazul urechii drepte in favoarea sexului masculin. Nu s-a
evidentiat nicio diferenta semnificativa pentru amplitudinea DPOAE intre cele doua sexe pentru niciun
grup de studiu.

Concluzii. Otoemisiunile acustice, atat TEOAE, cat si DPOAE, masurate la sugari, raman mai mari
pe frecventele inalte decat cele Inregistrate la adulfi. Sexul feminin prezintd nivele ale SNR-ului,
semnificativ mai Inalte decat la sexul masculin la nou-nascuti, doar pentru TEOAE.
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INTRODUCTION

Otoacoustic emissions phenomenon is an audiological diagnostic method noninvasive, objective,
short, allowing assessment of functioning of the outer hair cells. This thesis aims to analyze the
performance of evoked otoacoustic emissions used both in neonatal hearing screening neonatal and adult
audiological assessment. The structure of this thesis includes a first part, focused on the current state of
knowledge and a second part, regarding the personal contribution. The current state of knowledge
summarizes the data related to the history of otoacoustic emissions, generating mechanisms, technical
registration, classification, clinical applications, advantages and disadvantages. The comparison between
transient otoacoustic emissions and distortion products involves revision of related data: the sound
stimulus used to evoke them, their generating mechanism, the frequency range specific to each test.

The personal contribution is structured in five studies that aimed to analyze the performance of
the two types of otoacoustic emisions, carried out both pediatric and adult patients. The studies included
in this thesis related to neonatal hearing screening were performed on general pediatric population and
twin population, aged up to 6 months and aimed to analyze comparative hearing screening results, when
using the two types of otoacoustic emissions, by varying two parameters: signal-noise ratio and the
number of the frequencies. The third study compared the neonatal hearing screening results in twin
population and general pediatric population, aiming to highlight the relationship between twin pregnancy
and congenital hearing loss, which is very little studied in the literature. Besides offering epidemiological
data on the incidence of genetic factors and environmental factors in the etiology of congenital hearing
loss, neonatal hearing screening should be evaluated constantly to improve its effectiveness. For this
reason, we have included in the thesis, the study of the validation of the parental satisfaction
questionnaire on neonatal hearing screening program in Romanian.

Studies performed on the adult population have analyzed, the relationship between the two types
of otoacoustic emissions and hearing threshold, by univariate and multivariate ways in order to assess
the degree of prediction of otoacoustic emissions on hearing status of each ear, as normal or
sensorineural hearing loss. This thesis is one of the few that relates the otoacoustic emissions’
performance to the auditory threshold, calculated as the arithmetic average between 1-4 kHz frequencies,
other studies analyzing otoacoustic emissions’ performance by audiometric threshold recorded on each
frequency.

Another exciting aspect in the literature and relatively less studied is the comparison of the
results obtained by measuring otoacoustic emissions (both transient otoacoustic emissions and of
distorton products), on pediatric and adults patients, with normal hearing, compaisation aimed to show
the differences of funioning of the internal ear, between the two populations.

PERSONAL RESEARCH

Study no 1. Comparative Study of Transient Otoacoustic Emissions and Distorsion
Products in Neonatal Hearing Screening

Aims. Analyzing the performance of both types of otoacoustic emissions in neonatal hearing
screening and the effects of variating the value of SNR and number of frequencies represent the specific
objective of this study.

Matherial and Methods. The study investigated 176 patients with a mean age of 1.76 months
(0.3 to 8 months). Statistical analysis focused on clustering method (k Means) and on the analysis of the
rate of pass/refer obtained by varying two parameters: the value of SNR and the number of frequencies.

Results. Using the k means method, the results of statistical analysis showed that the value of
each cluster was different depending on the ear, frequency and type of otoacoustic emissions used, with
an accuracy rate lower for TEOAE compared to hearing screening criteria, but higher for DPOAE. K means
method showed a higher pass rate for DPOAE than TEOAE, for both ears (right ear: 56.6% versus 54.3%,
left ear: 54% versus 45.5%).



The analysis of the pass and refer rate by varying the value of SNR and the number of frequencies
showed that using the most stringent criteria (a value of SNR equal to or greater than 10 dB SPL on four
frequencies), led to a fall to 30.3% for TEOAE and 71.3% for DPOAE.

Using the neonatal hearing screening criteria, the study did not reveal the existance of
statistically significant differences between the two ears, except for the frequency of 1.5 kHz for the left
ear, in favour of TEOAE. Our 176 patients tested with both TEOAE and DPOAE showed relatively similar
pass and referral rates for both types of otoacoustic emissions.

Conclusions. Although otoacoustic emissions represent an audiological method easy to use,
short-term, non-invasive and relatively cheap, being indicated as a method of first choice in neonatal
hearing screening, it requires a standardization of the optimum pass criteria, which remain at the
boundary of sensitivity and specificity of the method.

Study no 2. Otoacoustic Emissions Study in Twins Neonatal Hearing Screening

Aims. Using TEOAE and DPOAE, the study aims to compare the results of neonatal hearing
screening for the twin population with those obtained by the general paediatric population.

Matherial and Methods. The study group consisted of 58 pediatric patients with a mean age of
1.9 months (0.2 to 4.1 months), divided into two groups: group 1 (11 pairs of twins) and group 2 (36
patients, the single births). Statistical analysis involved using student t test and Pearson correlation.

Results. When analyzing the average values of SNR TEOAE recorded on each frequency for the
two groups, the significant values were obtained for the right ear, solely on frequency of 2 kHz (p=0.04)
and the left ear, the low frequencies of 1 and 1.5 kHz (p=0.04 or 0.03). There were no statistically
significant differences for TEOAE SNR between the two ears in any study group. Comparing the average
values of DPOAE SNR's right ear, recorded on each frequency for the two groups, we recorded significant
values only for the frequency of 2 kHz (p=0.03). There were no statistically significant differences for
DPOAE SNR both ears in any group.

Conclusions. Twin pregnancy is not a risk factor for congenital hearing loss, instead the twin or
multiple pregnancy risks are those that could strike the risk of congenital hearing loss.

Study no 3. The Parent Satisfaction Questionnaire with the Neonatal Hearing Screening
Programme - Romanian Version

Aims. The study aimed to validate the Romanian version of the questionnaire of satisfaction of
parents in relation to neonatal hearing screening program.

Matherial and Methods. This study involved the participation of 137 parents whose children
were included in neonatal hearing screening program and a sample of 30 participants, randomly chosen,
who filled out a second copy of the questionnaire a month later, but only 25 returned the questionnaire.
The questionnaire contains 28 questions, structured around four factors: parental satisfaction with the
information (questions 1-5), parental satisfaction with the medical staff (questions 9-16), parental
satisfaction with the appointment schedule (questions 8, 17-22) and overall satisfaction (questions 23-
26). Psychometric evaluation of the parent satisfaction questionnaire with the neonatal hearing screening
included evaluation of the internal consistency (coefficient alpha of Cronbach), construction validity
(Pearson correlation coefficient) and the assessment of the test-retest reliability (Spearman correlation
coefficient).

Results. 89.1% of the participants had heard about the neonatal hearing screening programme
for the first time from the hospital doctors and 62% of them had not received any written information.
Only 10 participants from the entire group suggested improving written information by distributing
leaflets (2.9%) and by spreading the information through the media (0.7%). 47.4% of the participants
mentioned as a satisfactory aspect of neonatal hearing screening, the medical staff attitude towards the
children. Parental satisfaction about the medical staff responsible for the neonatal hearing screening
program has an average value of 3.49 (1.28-4.88), with a standard deviation of 3.3 (0.33-1.34). 61.3% of
participants responded agreeing or strongly agreeing. The parental satisfaction with the appointment
schedule highlights an average of 3.7 (1.38-4.72) and a standard deviation of 2.74 (0.44-0.98). 67.4% of



the participants answered that they had agreed or strongly agreed to all questions. Overall satisfaction
with neonatal hearing screening program had an average value of 2.93 (1.16-4.69), a standard deviation
of 0.86 (0.37-0.54) and a high percentage of participants who answered that they had agreed or strongly
agreed (98.5%).

Alpha coefficient showed a good internal consistency for the entire questionnaire (a = 0.75). The
four dimensions showed a coefficient o ranging from 0.56 to 0.81. Pearson correlation applied to the four
dimensions of parental satisfaction highlighted positive and acceptable correlation existing for the overall
satisfaction and the satisfaction with the medical staff and the appoinment schedule, positive and
moderate correlation existing for the satisfaction with information and the satisfaction with appointment
schedule and strong correlation between satisfaction with the medical staff and the satisfaction with the
appointment schedule. The degree of test-retest reliability showed significant and very strong correlation
degrees for the overall satisfaction, significant and strong correlation degrees for the satisfaction with the
medical staaf and satisfaction with the appointment schedule and very strong correlation degrees for
parental satisfaction with information.

Conclusions. The PSQ-NHSP translated in Romanian proved to be a valid and reliable instrument
of assessing parent satisfaction with the hearing screening programme.

Study no 4. Comparative Univariate Analyses of Transient Otoacoustic Emissions and
Distorsion Products in Normal and Impaired Hearing

Aims. The main objective of the study is to assess the performance TEOAE and DPOAE on an
adult population with normal hearing and sensorineural hearing loss, using univariate analysis.

Matherial and Methods. The study included 105 adult patients with a mean age of 44.8 years,
divided in two groups: group 1 (105 right ears) and group 2 (105 ears left), each group being divided into
two subgroups: subgroup with normal hearing and the subgroup with impaired hearing.

The univariate analysis of each type of otoacoustic emissions was performed by using the SNR
value recorded on each frequency for each ear separately, in conjunction with the auditory threshold.
Statistical analysis was based on receiver operating curve analysis and Kaplan-Meyer survival curves, in
order to determine the age associated with sensorineural hearing loss

Results. The age associated with sensorineural hearing loss recorded a lower value for group 2
(group 1: 45.6 years; group 2: 41.4 years). Although sex and environment origin could influence the age
associated with hearing loss, they showed no statistical significance. Instead, the presence of tinnitus
showed statistical significance only in group 2 (group 1: 56.2 years, p=0.67; group 2: 49.5 years, p=0.02).

Univariate analysis of the otoacoustic emissions for group 1. Analyzing the ROC curve of the right
ear, for TEOAE we observed that the higher cut-off values SNR were recorded for the low frequencies of 1
and 1.5 kHz (cut-off<10.95 dB SPL, respectively 13.1 dB SPL) and the lowest cut-off for the high frequency
of 4 kHz (cut-off<4.06 dB SPL). For DPOAE we obtained values of cut-offs between 11 and 12.9 dB SPL for
the frequency range of 1-4 kHz and smaller values for the frequency of 6 kHz (cut-off=8.5 dB SPL). The
AUC values for both types of otoacoustic emissions for all the frequencies tested were higher than 0.8.

Univariate analysis otoemisiunilor acoustic group 2. Analyzing the ROC curve of the left ear, for
TEOAE we recorded the highest cut-off values of SNR for frequencies of 1, 1.5 and 3 kHz (cut-off<8.26 dB
SPL, SPL 9.84 dB, 8.86 dB SPL respectively) and the lowest values for the frequency of 4 kHz (cut-off<4.06
dB SPL). For DPOAE we obtained cut-offs values between 9.4 and 14.2 dB SPL for the frequency range of
1-4 kHz and lower values for the frequency of 6 kHz (cut-off=7.5 dB SPL). The AUC values for both types
of otoacoustic emissions for all the frequencies tested were higher than 0.8.

Conclusions. There should not be a fixed criterion for SNR, the same for all the frequencies,
precisely because the optimum value of SNR is different from one frequency to another. The diagnostic
criteria used in interpreting otoacoustic emissions should be selected based on the characteristics of the
population of interest.



Study no 5. Comparative multivariate analyses of transient otoacoustic emissions and
distorsion products in normal and impaired hearing

Aims/endpoints. The purpose of the study was to evaluate the performance of both types of
otoacoustic emissions, using multivariate analysis and the pure-tone audiometry as a gold-standard
method.

Matherial and Methods. The study included 105 patients, with a mean age of 44.78 years,
divided into: the right ear group (105 ears right) and the left ear group (105 left ears), each study group
being divided into two subgroups: the subgroup with normal hearing and the subgroup with
sensorineural hearing loss. For the multivariate analysis, we used logistic regression, defining as the
dependent factor hearing status (normal or impaired). In the end of the multivariate analysis, the logistic
score was calculated, which was used to generate the ROC curves, to estimate the area under the curve,
the rate of the associated standard error for each of the three multivariate analysis.

Results. The first multivariate analysis used variables represented by the SNR values. TEOAE
were the best predictors of the hearing status on the frequencies of 1 and 4 kHz for the right ear group,
and 1.5 and 3 kHz for the left ear group. Predictive values for normal hearing using DPOAE had only the
frequencies of 2 and 6 kHz for the right ear group and the frequencies of 1 and 6 kHz for the left ear
group. For the second multivariate analysis, the variables with the strongest predictive power to assess
auditory status were represented by age, tinnitus, only for the left ear group, TEOAE SNR for the
frequencies of 1 and 4 kHz in the right ear group, and of 1.5 and 3 kHz for the left ear group. Analyzing the
DPOAE performance, we showed that the best predictors of normal hearing were represented by: age,
DPOAE SNR for the frequencies of 2 and 6 kHz for the right ear group and 1.5 kHz for the left ear group.
The third multivariate statistical analysis showed that the best predictors of normal hearing for right ear
group were represented by: age, TEOAE for the low frequencies of 1 kHz and DPOAE for the high
frequencies of 6 kHz and for the left ear group, age, presence of tinnitus, SNR TEOAE for the frequency of
3 kHz and SNR DPOAE for the frequency of 1kHz. Neither sex nor environment origin had predictive value
for the hearing status. All multivariate analyzes showed high levels of AUC, but the highest value for AUC
had been achieved by combined multivariate analysis.

Conclusions. Test performance for TEOAE and DPOAE was different due to their intrinsic
properties and recording procedueres. Although most studies have demonstrated the benefit of using
multivariate analyzes, it has not yet been incorporated into clinical decisions.

Study no 6. Differences in otoacoustic emissions in infants and adults with normal hearing

Aims. The primary objective of this study is to highlight, describe and compare the differences
between the functionality of the inner ear of the pediatric and adult population with normal hearing and
the differences between the sexes.

Matherial and Methods. This study cross-sectional included 165 participants, of which 126
infants and 39 adults. Pediatric subjects were divided into three age groups: group 1, 0-1 month (11
subjects), group 2, 1-3 months (98 patients) and group 3, 3-6 months (16 subjects). For statistical
analysis Student t-test were used and the Mann-Whitney test. Bonferroni correction was applied to adjust
the values of p's.

Results. The study showed statistically significant differences between groups for TEOAE SNR
between pediatric and adult group for the low frequencies of 1 and 1.5 kHz, in favor of adults and for the
high frequencies of 3 and 4 kHz , in favor of infants. Our results recorded significant differences at 1 and
1.5 kHz for DPOAE level for both ears when comparing pediatric groups to adult group. Comparing the
DPOAE noise of the pediatric groups to the adult group we observed significant statistical differences at
the frequency range of 2-6 kHz for both ears. Comparing DPOAE SNR, the study did not reveal about
significant differences in both ears at all frequencies tested.

The study revealed the existence of significant differences between genders: female sex
presented TEOAE levels significantly higher than males for both ears (group 1 and 4). Also, DPOAE noise
level analysis revealed statistically significant differences present between the two sexes in the case



group 2, 3 and 4. In the adult group, there were statistically significant differences for both ears (right ear
at 3 and 4 kHz in favor of males, left ear, at 1, 1.5 and 2 kHz in favor of females). Analyzing the DPOAE
SNR, the study results indicate the existence of significant differences at 3 kHz for the right ear in favor of
males. We did not find any significant difference in the amplitude of DPOAE between the sexes for any
study group.

Conclusions. Both TEOAE and DPOAE measured in infants remain larger at high frequencies
than adult. Female newborns had significant higher SNRs than male newborns, only TEOAE.



