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Teza de doctorat este structuratd in doud parti: stadiul actual al cunoasterii si contributia
personala, la care se adauga introducerea si referintele bibliografice (150 citatii in ordinea
aparitiei Tn text)

I. STADIUL ACTUAL AL CUNOASTERII cuprinde in cele 5 capitole ale sale, date
despre anatomia si fiziologia urechii medii, despre perforatia timpanului si 0 sinteza a
principalelor studii din literatura ce au analizat transmiterea sunetului printr-un timpan
perforat precum si aspectele controversate ale influentei perforatiei timpanului asupra
auzului.

Il. CONTRIBUTIA PERSONALA cuprinde in cele 9 capitole ale sale: ipoteza de
lucru si metodologia generala, studiile clinice privind tipul de hipoacuzie datorat perforatiei,
aprecierea optimd a dimensiunii perforatiilor, influenta dimensiunii, localizarii si a altor
caracteristici a perforatiilor asupra hipoacuziei, precum si influenta terenului pe care survine
perforatia asupra scaderii de auz, influenta caracteristicilor perforatiei asupra castigului
auditiv Tnregistrat dupa inchiderea acestora; aceasta parte a tezei se incheie cu concluziile
generale si evidentierea unor elemente de originalitate.

Capitolul 1. Obiectivele principale ale tezei au fost:

- selectarea pacientilor a caror singurd afectiune a urechii medii, care sa contribuie la
hipoacuzia inregistratd pe audiograma, sa fie perforatia timpanului,

- stabilirea tipului de hipoacuzie ce apare in cazul unei perforatii simple a membranei
timpanice, precum si intervalul in care variaza aceasta hipoacuzie;

- compararea unor metode de determinare a dimensiunilor perforatiilor membranei
timpanice, pentru a stabili care este cea mai eficients;

- evaluarea efectelor marimii, localizarii si a altor caracteristici a perforatiilor asupra
auzului, atunci cand hipoacuzia este data exclusiv de defectul timpanal,

- evaluarea importantei terenului pe care apare perforatia membranei timpanice asupra
scaderii de auz;

- compararea rezultatelor audiologice obtinute in urma diverselor metode de inchidere a
perforatiilor membranei timpanice, pentru a determina care dintre aceste modalitati
terapeutice este de preferat si pentru ce tip de perforatii;

- determinarea impactului caracteristicilor perforatiei asupra castigului audiologic
inregistrat dupa Inchiderea cu succes a defectului membranei timpanice, prin diferite metode.

Capitolul 2. Metodologia generala

Studiile clinice s-au desfasurat in Spitalul Clinic Judetean de Urgentd Galati, pe un lot
de 230 pacienti ce s-au prezentat consecutiv, timp de 2 ani, in sectia ORL, la care s-au
evidentiat prin otoscopie si microotoscopie 238 de membrane timpanice perforate cu 244 de
perforatii.

Informatiile obtinute in urma anamnezei, examenului clinic si paraclinic (audiograme,
timpanograme), precum si castigurile auditive inregistrate dupa inchiderea perforatiilor au
alcdtuit o baza de date proprie obtinutd cu ajutorul SPSS versiunea 17.0, aceste date fiind
prelucrate statistic. Determinarea asocierilor (corelatiilor) dintre diversele variabile studiate
(dimensiunea perforatiei, localizarea perforatiei, scdderea de auz in decibeli pe diverse
frecvente) s-a realizat sub firma tabelelor de contingentd cu doud intrari, caz specific
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asocierilor dintre variabilele discrete, sau prin calcularea coeficientului de corelatie Pearson,
caz specific variabilelor continue. Testarea semnificatiei asocierilor dintre caracteristicile
perforatiilor si mediile ABG-urilor s-a realizat prin aplicarea testului x> (in cazul tabelelor de
frecvente) si a testului ,,t” (in cazul coeficientilor de corelatie). Folosind testul y* obtinem
anumite rezultate, a caror semnificatie o aflam prin consultarea tabelei lui Fisher pentru valori
XZ. S-a folosit 0 metodd de analiza statisticd a datelor, analiza statisticA non-parametrica,
testul Spearman R semnificativa fiind asocierea atunci cand p < 0,05000.

In doua dintre studiile descrise in partea de contributii personale s-au folosit metode
originale de determinare a datelor necesare realizarii cercetarii. In capitolul 5 s-au determinat
dimensiunile perforatiilor membranei timpanice printr-un program computerizat, numit
Universal Desktop Ruler disponibil pe internet, iar Tn capitolul 6 s-au masurat volumele cutiei
timpanice prin timpanometrie, dand acestei metode de investigatie o noua utilizare.

Capitolul 3. Studiul 1. Hipoacuzia rezultata in urma aparitiei unei perforatii a
membranei timpanice

1. Introducere: Perforatiile membranei timpanice, postotitice sau posttraumatice, duc
la aparitia unei hipoacuzii de transmisie sau mixta. Nivelul minim al scaderii de auz
nregistrat in cazul perforatiilor ca unice afectiuni ale urechii medii este de 0-5dB, insa
nivelul maxim pana la care ajunge aceastd hipoacuzie difera de la autor la autor, variind intre
25 si 50dB. Pentru a putea stabili cum influenteaza caracteristicile unei perforatii timpanice
scaderea de auz, in acest capitol am evaluat incidenta si tipul de hipoacuzie asociat cu
perforatia timpanului si am determinat intervalul audiologic 1n care variazd aceastd
hipoacuzie.

2. Material si metoda: La cei 230 de pacienti din lot S-a studiat dacd sexul,varsta si
urechea dreaptda sau stinga influenteazd incidenta perforatiilor, precum si frecventa
perforatiilor in functie de cauza, vechime, localizare si numar.Pacientii au fost seperati in
doua grupuri, GI - pacienti a caror singura afectiune a fost perforatia si GII - pacienti care pe
langa perforatie, mai prezentau si o altd patologie a urechii medii. Criteriile de selectie a
subiectilor au fost elaborate in functie de datele obtinute in urma anamnezei si a examenului
clinic (criterii clinice), in urma interventiilor chirurgicale (criterii intraoperatorii) si in urma
audiogramelor efectuate dupa inchiderea perforatiilor (criteriilor audiologice post-inchidere).
S-au comparat nivelele pierderilor auditive intalnite in cele doud grupuri. La pacientii din
grupul GI, urechea contralaterald cu auz normal, a fost folosita ca martor.

3. Rezultate: Pacientii din studiu au fost 53,91% femei si 46,49% barbati, cu varsta
cuprinsa intre 14 si 70 de ani (36,12 ani + 14,52 ani). Perforatiile au fost bilaterale la 3,47%
dintre pacienti, unilateral dreapta la 44,34% dintre pacienti si unilateral stanga la 52,17%
dintre pacienti. Aceste perforatii au fost postotitice Tn 37,81% din cazuri si posttraumatice n
61,19% din cazuri, cu o vechime variabild cuprinsa intre o zi si 7300 zile = 20 ani (736,09 *
1349,52 zile), majoritatea acestor perforatii fiind localizate la nivelul pars tensa (98,37%),
centrale (95,79%). Tn grupul GI (182 de pacienti) s-au Inregistrat si subiecti cu auz normal,
iar pacienti cu hipoacuzie neurosenzoriala pura nu s-au inregistrat in nici unul dintre grupuri.
Pierderile auditive pe frecventa 250Hz au fost in medie de 21,75dB pentru GI si 49,4dB
pentru GlI,(y* =10,74) s, iar pe frecventa de 500Hz de19,52dB pentru GI si de 41,6dB pentru



GII,(?=7,97). Toti pacienti din cadrul G I au avut pragurile auditive in CA de pana in 40dB,
n timp ce doar 24% dintre pacientii din G II au avut avut pragurile auditive pana in 40dB,
diferenta a fiind semnificativa statistic, v> = 46,58, p < 0,05. Dintre pacientii din GI cu auz
normal la urechea contralaterala (150), 14 au prezentat hipoacuzie mixta la urechea cu
perforatia indusa de barotraume, cu caderea curbei auditive pe frecventa de 4000Hz.

4. Discutii: Criteriile de selectie a pacientilor bine elaborate, ne-au permis sd mentinem
in studiu pacienti cu o vechime mai mare a perforatiilor, pacienti mai in varsta, cu perforatii
postotitice, dar a caror singurd afectiune sa fie perforatia timpanului. La acesti pacienti s-a
inregistrat auz normal sau hipoacuzie de transmisie de pana in 40dB, spre deosebire de
pacienti care mai prezentau si alte afectiuni ale urechii medii, si al caror auz nu a fost
niciodatd normal, pragurile auditive depasind frecvent 40 dB. Hipoacuzia de transmisie,
afectdnd frecventele joase a fost cea mai frecventd forma de hipoacuzie intalnitd in grupul
pacientilor doar cu perforati. Putini pacienti, ale caror perforatii au rezultat in urma
barotraumelor, au prezentat hipoacuzie mixtd, prin inducerea de catre perforatic a unei
componente de hipoacuzie neurosenzoriald, cu afectarea indeosebi a frecventei de 4000 Hz.

Capitolul 4. Studiul 2: Aprecierea dimensiunii perforatiei membranei timpanice

1. Introducere: Dimensiunea perforatiilor poate varia de la o fisurd liniara, pana la
perforatie largd extinsa la nivelul ntregii membrane timpanice. Marimea perforatiei nu este
intotdeauna semnificativa pentru severitatea leziunilor din urechea medie, dar multe studii au
demonstrat ca ea este in stansa legatura cu nivelul scaderii de auz si cu transmiterea sunetului.
Dar in putine dintre aceste studii se precizeazd cum a fost determinatd dimensiunea
perforatiilor. De aceea Tn acest capitol am stabilit 0 metoda precisa, simpla, de determinare si
de exprimare a dimensiunii perforatiei membranei timpanice.

2. Material si metoda: Am utilizat un program computerizat disponibil pe internet,
Universal Desktop Ruler, pentru a calcula suprafetele perforatiilor pe imaginile obtinute prin
video-otoscopie. Aceste suprafete au fost exprimate (1) ca procent din suprafata intregii

. . - P .. .
membrane timpanice dupa formula 7 X 100 = % procentul perforatiei, unde P = aria
perforatiei (in pixeli),T = aria totald (in pixeli) a intregului timpan incluzand si perforatia, si
(2) in mm?, in functie de dimensiunea unui reper cunoscut in literatura ( diametrul vertical al

- . 5 2 Cn )
membranei timpanice) dupa formula % = suprafata perforatiei in mm? unde P= aria

perforatiei (in pixeli), Dt=diametrul vertical al timpanului masurat (in pixeli), D = diametrul
vertical al timpanului, cunoscut din literaturd cu valorile de 9; 9,5; 10; 10,5; 11. Valorile
obtinute prin calculul computerizat, au fost comparate cu valorile obtinute prin aprecierea
vizuald a marimii perforatiilor (exprimatd procentual si in mm?) de citre 5 medici ORL.

3. Rezultate si discutii: Valorile dimensiunilor perforatiilor calculate cu ajutorul
programului, au variatii fata de medie (deviatiile standard) destul de mici (£0,03 —+1,08),
comparativ cu variatiile fatd de medie a valorilor estimate vizual (+0,54—+6,1), ceea ce
inseamna ca rezultatele obfinute prin prima metoda sunt mai consecvente, cu mai pufine
erori. Valorile dimensiunilor perforatiilor obtinute prin aprecierea vizuala sunt mult
supraestimate fata de valorile obtinute prin calculul efectuat cu ajutorul programului, fie ca
este vorba de o apreciere procentual, fie de o apreciere in mm?. Diferentele sunt mai mari cu
peste 50% (x* = 7,35-12,32) in cazul timpanelor cu douid perforatii, a perforatiilor mari si a
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perforatiilor cu margini greu decelabile. Variatiile suprafetei perforatiilor membranei
timpanice, atunci cand diametrul timpanului variaza intre 9 si 11 mm, sunt apreciabile. Pot
exista diferente mari Intre valorile minime si maxime ale acestor suprafete (pana la 13mm),
valoarea minima reprezentand 50% din valoarea maxima. Din aceste rezultate deducem ca
atunci cand exprimam suprafata perforatiei in mm?® se pot inregistra erori de 50% fata de
valoarea ei reala.

Capitolul 5. Studiu 3. Influenta dimensiunii si a localizarii perforatiei membranei
timpanice asupra scaderii de auz

1. Introducere: Majoritatea studiilor din literatura au analizat dependenta hipoacuziei
datd de perforatiile membranei timpanice de frecvente, de dimensiunea si localizarea acestor
perforati. In ceea ce priveste dependenta de frecvente si dimensiune concluziile acestor studii
au fost in mare parte unanime. In schimb dependenta sciderii de auz de localizarea
perforatiilor este inca intens dezbatuta. Ultimele cercetdri lanseaza ideea ca efectele acestor
doud caracteristici ale perforatiilor asupra auzului trebuie analizate concomitent. In acest
studiu am realizat o clasificare a perforatiilor membranei timpanice ca unice afectiuni ale
urechii medii, pentru a evalua efectele dimensiunii si a localizdrii perforatiilor asupra
nivelelor de auz pe diferite frecvente.

2. Material si metoda: Lotul de studiu a fost format din cei 182 de pacienti, selectati
anterior pe baza criteriilor prezentate, astfel incat perforatia timpanului sa fie singura leziune
a urechii medii. Pe imaginile timpanelor inregistrate prin video-otoscopie s-au stabilit
localizarea si dimensiunile perforatiilor, calculate conform studiului anterior. Pe
audiogramele tonale liminare s-au inregistrat pragurile auditive pe frecventele 0,25; 0,5; 1; 2;
4kHz, in CA si in CO; s-au calculat ABG-urile si apoi mediile acestora. S-au calculat mediile
ABG-urilor perforatiilor pe frecvente, pe grupe de dimensiune, pe grupe de localizare si apoi
pentru perforatiile cu aceeasi localizare si dimensiune.Rezultatele s-au corelat clinic si s-au
analizat statistic prin SPSS 17.0.

3. Rezultate: Perforatiile au fost impartite in patru grupe uniforme de dimensiune:
Grupa I a fost formata din 68 perforatii foarte mici (0,8-4,9% din timpan), grupa Il a cuprins
42 de perforatii mici (5-9,9% din timpan), in grupa III au fost 48 perforatii medii (10-24,9%
din timpan) iar in grupa IV au fost 30 perforatii mari (peste 25% din timpan). Pe frecventele
de joase de 250, 500 Hz s-au obtinut pierderi auditive de 20,56dB, pe frecventele medii de
1000Hz s-au Tinregistrat pierderi de 18,44dB, iar pe frecventele inalte de 2000, 4000Hz,
pierderi de 12,28dB. Hipoacuzia a fost in cazul perforatiilor din grupa I de 14dB si a crescut
progresiv pe masura ce dimensiunea perforatiilor a crescut ajungand in cazul celor din grupa
IV la 22,64dB. Intre scaderile de auz date de perforatiile situate in 3 sau 4 cadrane si cele
situate in 1 sau 2 cadrane au existat diferente semnificative statistic. Perforatiile situate in
cadranele posterioare au dat hipoacuzii mai mari decit cele situate in cadranele anterioare, dar
diferentele nu au fost semnificative. Diferentele intre pierderile auditive inregistrate pentru
perforatiile cu aceeasi localizare, anterioara sau posterioara, au fost nesemnificative pentru
perforatiile din grupele I, I, si III dar importante in cazul perforatiilor din grupa IV, pe toate
frecventele (x°=4,09 pe 0,25kHz; 4,45 pe 0,5kHz; 11,02 pe 1kHz; 8,16 pe 2kHz; 14 pe 4kHz)

4. Discutii: Scaderea de auz data de perforatiile membranei timpanice este dependenta
de frecvente, cu pierderile cele mai mari pe frecventele joase si pierderi mai mici pe
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frecventele inalte. Dimensiunea perforatiilor s-a dovedit a fi si In studiul meu, o caracteristica
a perforatiilor, care influenteaza pierderile auditive: perforatiile cele mai mari au dus la
pierderile auditive cele mai mari pe toate frecventele. In dezacord cu celelalte studii existente,
am demonstrat cd atunci cind perforatiile timpanului sunt analizate atat din punct de vedere al
marimii cat si al situarii lor, cele posterioare vor da hipoacuzii mai mari decét cele anterioare.

Capitolul 6. Studiu 4. Influenta unor caracteristici ale perforatiei timpanului si a
terenului pe care survine aceasta, asupra hipoacuziei

1. Introducere: In acest studiu am analizat influenta formei, vechimii, cauzei
perforatiilor, precum si a varstei pacientilor asupra hipoacuziei subiectilor cu perforatii
timpanice. Folosind o metodd ce nu presupune iradierea pacientilor am calculat volumele
urechilor medii la care au survenit perforatiile si am studiat relatia dintre aceste volume si
scaderea de auz.

2. Material si metoda: Studiul s-a desfasurat pe 182 pacienti cu perforatii ale
membranei timpanice fard alte afectiuni ale urechii medii. S-a retinut varsta pacientilor si
pentru fiecare perforatie forma, vechimea si cauza. La un grup de 75 pacienti, ce au avut auz
normal la urechea contralaterald, s-au calculat volumele aeriene ale urechii medii prin
impedansmetrie cu un timpanometru Titan, folosind ca martor volumul conductului auditiv
extern al urechii contralaterale; la acesti pacienti se cunosteau localizarea si dimensiunea
perforatiilor. Hipoacuziile pacientilor clasificati in functie de caracteristicile perforatiilor
enumerate mai sus, s-au comparat intre ele.

3. Rezultate: Nu s-au iregistrat diferente semnificative statistic intre mediile ABG-
urilor perforatiilor ce diferd ca vechime (acute-cronice: y* = 0,58, p > 0,05), cauzi
(postotitice-posttraumatice: x> = 0,46, p > 0,05) si nici intre ABG-urile grupelor de vérsta de
pacienti. Scaderile de auz inregistrate in cazul perforatiilor liniare au fost semnificativ mai
mici comparativ cu cele din cazul perforatiilor de orice alti formd: rotunde (}° = 6,12),
ovalare (3° =9,51), reniforme (y3° = 11,65), triunghiulare (x* = 6,04) si neregulate (x* = 8,33),
in toate cazurile p < 0,05. Volumele urechii medii, au fost cuprinse intre 1 si 6,8 ml, cu o
medie de 442,21. Pacientii cu volume ale urechii medii mici (< 4ml ) au avut ABG-uri
semnificativ mai mari fatd de pacientii cu volume mari ale urechii medii ( > 4ml ), pe
frecventele joase. Media ABG-urilor pentru urechile cu volume mici, a fost cu 7 pana la
15dB mai mare fatd de urechile cu volume mari. Pierderile auditive ale perforatiilor cu
aceeasi localizare, din aceeasi grupd de dimensiune difera in functie de volumul urechii
medii.

4. Discutii: Studiul a evidentiat faptul ca varsta pacientilor ce prezintd perforatii ale
timpanului, precum si cauza si vechimea acestor perforatii, nu reprezintd factori determinanti
ai sciderii de auz. In schimb daci am clasifica perforatiile dupa forma, in liniare si non-
liniare, putem afirma ca forma perforatiilor influenteaza scaderea de auz. Rezultatele obtinute
in acest capitol sunt in concordantd cu rezultatele altor studii: hipoacuzia de transmisie
rezultatd in urma unei perforatii a timpanului variaza invers cu volumul urechii medii (
pierderile sunt mai mari la urechile cu volume mici). Dar spre deosebire de aceste studii am
folosit metode de determinare a volumului urechii medii ce nu presupun iradierea inutila a
pacientilor din lot.



Capitolul 7. Studiu 5. Influenta caracteristicilor perforatiei membranei timpanice
asupra auzului, dupa inchiderea acesteia

1. Introducere: In alegerea unei metode de inchidere a perforatiilor (spontand, sub
mentor de epitelizare sau prin miringoplastie), un rol esential il au caracteristicile perforatiei (
dimensiunea, localizarea, vechimea ei) si hipoacuzia pe care o implica. Controversele din
literatura s-au creat 1n jurul intrebarii daca aceste caracteristici ale perforatiilor sunt factori de
prognostic ai succesului chirurgical. Tn acest studiu am analizat impactul pe care 7l au diverse
tipuri de perforatii ale timpanului asupra rezultatelor inchiderii acestora si am determinat
metoda de nchidere a perforatiilor dupa care se obtin cele mai bune rezultate audiologice
pentru pacient.

2. Material si metoda: Studiul s-a desfasurat pe lotul de pacienti desccris anterior, la
care perforatia era unica afectiune a urechii medii. S-au comparat audiogramele pacientilor,
efectuate Tnainte si dupa inchiderea perforatiilor; s-a calculat castigul auditiv, pe 5 frecvente
pentru perforatiile clasificate in functie de dimensiune, localizare si vechime. S-au comparat
mediile ABG-urilor inregistrate pre- si post inchidere, prin cele trei metode, in cazul
perforatiilor de aceeasi dimensiune. S-a analizat evolutia post-inchidere a pierderilor auditive
ale pacintilor (14) ce prezentau auz normal la urechea indemna si hipoacuzie mixta la urechea
cu timpanul perforat, indusa prin barotrauma.

3. Rezultate: Media castigului auditiv pe frecvente a fostl15,58dB. Cel mai mic castig
s-a nregistrat dupa inchiderea perforatiilor din gr. I (13,05dB) si II (13,57dB). Tncepand cu
gr.111(17,08dB), castigul audiometric a crescut progresiv, cu un maxim atins dupa inchiderea
perforatiilor din gr. 1V(18,64dB). Castigul perforatiilor anterioare sau cronice a fost
nesemnificativ mai mic decat cel al perforatiilor posterioare sau acute, xz = 0,27, respectiv XZ
= 0,45. Post-vindecare media ABG-urilor a fost cea mai mare post-miringoplastie (3,87dB),
in timp ce dupa inchiderea spontana s-au inregistrat cele mai bune rezultate (0,21dB),
diferentele fiind semnificative statistic (x> = 4,25, p < 0,05). Recuperdrile auditive post-
inchidere, in cazul pacientilor cu hipoacuzie mixta indusd de perforatie au fost
nesemnificative pe frecventele inalte. (x> = 0,09pe 4000Hz).

4. Discutii: Dintre caracteristicile perforatiilor membranei timpanice, doar dimensiunea
acestora este coreletd clinic (dar nu si statistic) cu castigul auditiv Tnregistrat dupa inchidere.
Acesta corelare clinicd este valabila in cazul perforatiilor mai mari de 10% din suprafata
timpanului. Pentru perforatiile sub aceastd dimensiune interventiile chirurgicale se vor
efectua mai ales n alte scopuri (protectia urechii medii) decat in scopul unor recuperarari
auditive spectaculoase. Localizarea si vechimea perforatiei membranei timpanice nu au nici o
influenta asupra castigului auditiv post-vindecare, ci doar asupra alegerii conduitei
terapeutice de catre medicul ORL. Modalitatea de vindecare a perforatiilor este de preferat
inchiderea spontana, atunci cand este posibil. Hipoacuzia neurosenziriala indusa de perforatii
este putin recuperabila.



Capitolul 7. Concluzii

1. Perforatia MT este o afectiune ce apare mai frecvent la pacientii din primele decade
de varsta, nu este caracteristicd unui sex anume si nici nu apare preponderent la o anumita
ureche; este mai frecvent posttraumatica, unilaterala , centrala, cu vechime variabila.

2. Criteriile de selectie ale pacientilor din studiu, astfel incat perforatia membranei
timpanice s fie unica afectiune a urechii medii, se bazeaza pe observatiile de la examenul
clinic (criterii clinice), pe constatdrile intraoperatorii (criterii intraoperatorii) si pe analiza
audiogramelor efectuate dupa inchiderea perforatiilor (criterii audiologice post-vindecare).

3. Intervalul 1n care variaza scaderea de auz data de perforatia MT ca unica afectiune a
urechii medii este cuprins intre 0 si 40dB, astfel incat o hipoacuzie ce depaseste acest interval
ne va indica faptul ca la nivelul acelei urechi existd si o altd patologie. Dar o hipoacuzie
cuprinsd in acest interval nu ne poate asigura cd nu mai existd si alte leziuni in afara
perforatiei.

4. Perforatia timpanului ca unicd afectiune a urechii medii poate aparea pe audiograma
sub urmatoarele aspecte: (a) auz normal 0-5dB; (b) hipoacuziei de transmisie, cuprinsa intre 5
si 40 dB; (c) posibil hipoacuzie mixta cu afectarea mai ales a frecventei de 4000Hz.

5. Simpla apreciere vizuala, clinici a dimensiunilor perforatiei, efectuatd direct in
timpul otoscopiei sau chiar si a otomicroscopiei, poate duce la erori majore de 50% fata de
valoarea reald. De aceea este de preferat ca membrana timpanica impreunad cu leziunea ei sa
fie fotografiatd sau inregistrata, si ulterior analizata.

6. Video-otoscopia reprezintd o metoda facila, de a obtine imagini ale perforatiilor fara
distorsiuni, iar pe aceste imagini, dimensiunile perforatiilor pot fi masurate printr-un program
computerizat de calcul al suprafetelor de orice forma sau dimensiune, Universal Desktop
Ruler ( disponibil pe internet).

7. In contradictie cu tendinta majoritatii medicilor ORL de a preciza dimensiunea
perforatiei iIn mm? sau in functie de diametrul acesteia, modalitatea cea mai exactd de a
exprima suprafata perforatiei este cea procentuald, raportatd la suprafata membranei
timpanice 1n totalitate, adica suprafata relativa.

8. Scdderea de auz data de perforatiile MT este dependentd de frecvente, cu pierderile
cele mai mari pe frecventele joase si pierderi mai mici pe frecventele inalte.

9. Pe masurd ce dimensiunea perforatiei creste hipoacuzia se accentueaza.

10. Pentru perforatiile mai mici de 25% din suprafata timpanului, nu s-a putut stabili o
relatie clara si semnificativa statistic intre localizarea perforatiei si scdderea de auz, dar clinic
perforatiile posterioare dau hipoacuzii mai mari decét cele anterioare.

11. In cazul perforatiilor mai mari de 25% din suprafata timpanului, hipoacuzia dati de
cele posterioare este mai mare decat hipoacuzia data de cele anterioare.

12. Varsta pacientilor ce prezintd perforatii ale MT, precum si cauza si vechimea
acestor perforatii, nu reprezinta factori determinanti ai scaderii de auz.

13. Forma perforatiilor, liniara sau neliniara, influenteaza scaderea de auz deoarece
perforatiile liniare dau o hipoacuzie mult mai mica fata de restul perforatiilor.

14. Hipoacuzia datd de perforatia MT depinde si de volumul aerian al urechii medii la
care a survenit perforatia. Astfel se poate explica de ce perforatii identice (ca localizare si
dimensiuni) dau hipoacuzii diferite.



15. Hipoacuzia rezultatd in urma unei perforatii a MT variaza invers proportional cu
volumul urechii medii: ABG-urile sunt mai mari la urechile cu volume mici si invers.

16. Modalitatea de vindecare a perforatiilor MT, in urma careia s-au inregistrat cele mai
bune rezultate in ceea ce priveste imbunatatirea auzului, a fost vindecarea spontana.

17. Dupa inchiderca perforatiilor membranei timpanice, prin orice modalitate se
inregistreaza castiguri auditive semnificative, in special pe frecventele joase si medii.

18. Dimensiunea perforatiilor de peste 10% din suprafata timpanului este coreleta clinic
(dar nu si statistic) cu castigul auditiv inregistrat dupa inchiderea acestora.

19. Celelalte caracteristici ale perforatiei membranei timpanice nu au nici o influenta
asupra castigului auditiv post-inchidere.

20. Vindecarea perforatiilor membranei timpanice duce la o recuperare semnificativa a
hipoacuziei de transmisie, dar recuperarea hipoacuziei neurosenzoriale, cand aceasta a fost
indusa de perforatie, este mai putin favorabila.

Capitolul 9. Originalitatea si contributiile inovative ale tezei

Ideea de a realiza o teza care sd analizeze toate aspectele perforatiilor membranei
timpanice, da originalitatea acestei lucrari. Metoda de determinare si de exprimare a
dimensiunilor perforatiilor este originald, prin utilizarea pentru prima datd a programului
Universal Desktop Ruler, in acest scop. Impedansmetria, despre care se stia pana in prezent
ca nu poate fi utilizata pe membrane timpanice perforate, a fost folositd pentru a determina
volumul aerian al urechii medii. Ulterior, am demonstrat ca acest volum are un rol foarte
important Tn transmiterea sunetului printr-un timpan perforat.
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This PhD thesis is structured in two parts: current knowledge and personal contribution,
to which the introduction and references are added (150 references as they appear in the text).

I1l. CURRENT KNOWLEDGE consists of 5 chapters and includes data on the anatomy
and physiology of the middle ear, tympanic perforation, a synthesis of the main studies in the
specialist literature that examined sound transmission through a perforated eardrum as well as
controversial aspects regarding the influence of the perforated tympanic membrane on
hearing loss.

IV. PERSONAL CONTRIBUTION consists of 9 chapters and besides work hypothesis
and general methodology, it includes the clinical studies regarding hearing loss caused by
perforation, perforation size assessment, the influence of size, site and other perforation
characteristics on hearing loss, as well as the influence of the luggage on hearing loss, the
influence of perforation characteristics on the hearing gain after healing; this part of the thesis
ends with general conclusions and original aspects.

Chapter 1. Main objectives of the thesis:

- selecting patients with just one middle ear disorder, the tympanic perforation, that
causes the hearing loss registered on the audiogram;

- establishing the type of hearing loss that occurs in the case of a simple membrane
perforation as well as the interval during which this hearing loss varies;

- comparing certain methods of establishing the size of the tympanic membrane
perforation to determine the most efficient;

- evaluating the effects of size, site and other characteristics of the perforation on the
hearing when the hearing loss is exclusively caused by the tympanic disorder;

- evaluating the importance of the lugguage on which the tympanic membrane
perforation occurs in relation to the hearing loss;

- comparing the results of the audiogram obtained after closing the tympanic membrane
perforations by means of various methods in order to determine which is the most preferable
method for each type of perforation;

- establishing the impact of the perforation characteristics on the hearing gain recorded
by the audiogram after having successfully closed the tympanic membrane perforation
through different methods.

Chapter 1. General methodology

The clinical studies took place at the Emergency County Hospital of Galati, on a group
of 230 patients that came to the E.N.T. department during 2 consecutive years and who
presented 238 perforated tympanic membranes with 244 perforations determined by means of
otoscopy and otomicroscopy.

The information obtained after examining the patients’ history, the clinical and
paraclinical examination (audiograms, tympanograms) as well as the hearing gains registered
after closing the perforations constitute a personal data base that has been statistically
analysed by means of the SPSS program, version 17.0. The associations (correlations) among
the various variables studied (perforation size, perforation site, hearing loss in decibels at
various frequencies) were determined by means of the two-entry contingency tables, specific
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to the associations among discreet variables, or by calculating the Pearson correlation
coefficient, which is specific to continuous variables. Testing the significance of the
associations between the perforation characteristics and the ABG averages was achieved by
applying the y* test (in the case of frequency tables) and the “t” test (in the case of correlation
coefficients). By applying the x* test we get certain results whose significance can be seen in
Fisher table for * values. A statistical data analysis was used, a non-parametric statistical
analysis, the Spearman R test, the association being significant when p < 0.05000.

In two of the studies described in the personal contribution section original methods of
data analysis were used to do the research. In Chapter 5 the sizes of the tympanic membrane
perforations were determined by means of a computerized program called Universal Desktop
Ruler available on the internet while in Chapter 6 the volumes of the middle-ear were
measured through tympanometry, giving this investigation method a new use.

Chapter 3. Study 1. Hearing loss caused by a tympanic membrane perforation

1. Introduction: The tympanic membrane perforations, post otitis media or post
traumatic, lead to the occurrence of conductive or mixed hearing loss. The minimum level of
hearing loss registered in the case of perforations as the only disease of the middle ear is of 0-
5dB, but the maximum level this hearing loss can reach differs from one author to the other,
varying from 25 to 50 dB. In order to establish how the characteristics of a tympanic
perforation can influence hearing loss, in this chapter the occurrence and the type of hearing
loss associated to the tympanic perforation was evaluated as well as the audiologic gap in
which this hearing loss fluctuates.

2. Material and method: The 230 patients were examined to find whether sex, age,
right or left ear can influence the occurrence of perforations; also, the frequency of
perforations according to cause, site and number were also determined. The patients were
separated into two groups, Gl — patients whose only disorder was the perforation and GII —
patients who, beside the perforation, also presented other disorders of the middle ear. The
criteria of patient selection were elaborated in accordance with the data obtained from patient
history examination and clinical examination (clinical criteria), surgical interventions (intra
surgical criteria) and audiograms after the closing of the perforations (post closing audiologic
criteria). The levels of hearing loss were compared between the two groups. At the patients
from GlI, the normal hearing contralateral ear, was used as control ear.

3. Results: The patients in the study were 53.91% women and 46.49 % men, with the
age between 14 and 70 (36.12 + 14.52 years). The perforations were bilateral in 3.47% of the
patients, unilateral right in 44.34% of the patients and unilateral left in 52.17% of the
patients. These perforations were post otitis media in 37.815 of the cases and post-traumatic
in 61.19% of the cases, with an age varying between 1 day to 7300 days = 20 years (736.09
1349.52 days), most of these perforations being located at the pars tensa level (98.37%) and
being central perforations (95.79%). In the GI group (182 patients), patients with normal
hearing were also registered while no patients with pure sensorineural hearing loss were
registered in either groups. The hearing losses at the 250 Hz frequency were of an average of
21.75dB for Gl and of 49.4dB for Gl (x> =10.74), while at the 500Hz frequency they were of
19.52dB for Gl and of 41.6dB for Gl (¥°=7.97).
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All patients in GIlI had the hearing threshold in air conduction of up to 40 dB, while
only 24% of the patients in Gl had the hearing threshold in air conduction up to 40 dB, the
difference being statistically relevant, x> = 46.58, p < 0.05. Out of the patients in Gl with
normal hearing in the contralateral ear (150), 14 presented mixed hearing loss at the ear with
the perforation caused by barotraumas, with a decrease of the hearing curve at the 4000 Hz
frequency.

4. Discussions: The well-elaborated selection criteria of the patients allowed us to keep
in the study the patients with older perforations, elderly patients with post otitis media
perforations but whose only disorder was the tympanic perforation. At these patients, a
normal or a conductive hearing loss of up to 40 dB was registered as compared to the patients
who also presented other disorders of the middle ear and whose hearing had never been
normal, the hearing thresholds frequently exceeding 40 dB. The conductive hearing loss
occurring at the low frequencies was the most common form of hearing loss in the group of
patients with perforations only. Few patients, whose perforations were caused by
barotraumas, had mixed hearing loss because the perforation led to sensorineural hearing
loss, occurring especially at frequencies of 4000 Hz.

Chapter 4. Study 2: Assessing the size of the tympanic membrane perforation

1. Introduction: The size of perforations may vary from a linear fissure to a
perforation spreading over the whole tympanic membrane. The size of the perforation is not
always relevant for the seriousness of the lesions in the middle ear, however, numerous
studies have shown that it is closely connected to the level of the hearing loss and sound
transmission. But few of these studies mention how the size of perforations was determined.
That is the reason why in this chapter we established a simple, concise method to determine
and express the size of the tympanic membrane perforation.

2. Material and method: We used a computerized program available on the internet,
the Universal Desktop Ruler, to calculate the surface size of the perforations based on the
images obtained through video-otoscopy. These sizes were expressed: (1) as percentages of

the whole tympanic membrane surface according to the following formulae: ;x 100 = % ,

where P= perforation size (in pixels), T = total size (in pixels) of the whole tympanum
including the perforation and (2) in sg. mm, according to a well-known benchmark in the

specialty literature (the vertical diameter of the tympanic membrane) according to the

PxD*®

following formulae: = the size of the perforation in sq. mm, where P = size of

perforation (in pixels), Dt = the measured vertical diameter of the tympanic membrane (in
pixels), D = the vertical diameter of the eardrum, known to have the following values in
literature: 9; 9,5; 10; 10,5; 11. The values obtained through a computerized calculation were
compared to the values obtained through the visual estimation of the perforation size
(expressed in percentages and in sq. mm) by 5 E.N.T. doctors.

3. Results and discussions: The values of the perforation sizes calculated with the help
of the program vary slightly from the average, standard deviations (+0,03 —+1,08), in
comparison with the average value of the visually estimated perforations (+0,54—+6,1),
which means that the results obtained through the first method are more reliable, with less
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errors. The values of the perforation sizes obtained through visual estimation are much higher
than the values obtained through computer calculations, whether they refer to estimation in
percentages or sq. mms. The differences are over 50% higher (y° = 7.35 - 12.32) in the case
of eardrum with two perforations, large perforations or perforations difficult to evaluate
edges. The variations in the size of the tympanic membrane perforations when the tympanum
diameter is between 9 and 11 mm are considerable. There can be even higher differences
between the minimum and maximum values of these sizes (up to 13 mm), the minimum value
representing 50% of the maximum value. These results lead to the conclusion that when the
size of the perforation is expressed in mm, the margin error can be of 50% as compared to its
real value.

Chapter 5. Study 3. The influence of the size and site of the tympanic membrane
perforation on hearing loss

1. Introduction: Most studies in the specialist literature analyse the dependence of the
hearing loss caused by the perforations of the tympanic membrane, on the frequencies, the
size and site of these perforations. As regards frequencies and size, the conclusions of these
studies have been mostly similar. On the other hand, the hearing loss caused by perforations
of different sites is still highly debatable. Recent research studies have launched the idea that
the effects of these two characteristics (Size and site) of the perforations should be analysed at
the same time. This study classifies the perforations of the tympanic membrane as the only
disorders of the middle ear in order to evaluate the effect of the size and the site of TM
perforation on the hearing level at different frequencies.

2. Material and method: The study group consisted of 182 patients previously
selected on the basis of the criteria mentioned above, so that the tympanic perforation is the
only disorder of the middle ear. The size and location of the perforations were established
according to the images registered through video-otoscopy as shown in the previous study.
The pure tone audiograms showed the hearing thresholds at the following frequencies: 0,25;
0,5; 1; 2; 4kHz, in air conduction and in bone conduction; the ABGs and their averages were
also calculated. The ABGs averages of the perforations were calculated at frequencies, size
groups, site groups and then those for the perforations with similar size and site. The results
were clinically correlated and statistically analysed by means of SPSS 17.0.

3. Results: The perforations were divided into four equal size groups: group | consisted
of 68 very small perforations (0.8 - 4.9% of the eardrum ), group Il consisted of small
perforations (5-9.9% of the eardrum), group Il has 48 medium perforations (10 -24.9% of
the eardrum) while group IV had 30 large perforations (over 25% of the eardrum). On the
low frequencies of 250, 500 Hz the hearing losses were of 20.56 dB, at the medium
frequencies of 1000 Hz the hearing losses were of 18.44dB while at the high frequencies of
2000, 4000 Hz the hearing losses were of 12.28 dB. In the case of group | perforations the
hearing loss was of 14dB and it gradually increased as the size of the perforation also
increased reaching 22.64dB in the case of group IV perforations. There were statistically
significant differences between the hearing losses caused by the perforations located in 3 and
4 quadrants and those located in 1 and 2 quadrants. The differences between the hearing
losses registered for the perforations with similar site, anterior or posterior, were insignificant
for the perforations in group I, Il and Il but they were considerable in the case of
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perforations in group 1V, at all frequencies (y°=4.09 at 0.25kHz; 4.45 at 0.5kHz; 11.02 at
1kHz; 8.16 at 2kHz; 14 at 4kHz).

4. Discussions: The hearing loss caused by the TM perforations depends on
frequencies, the most significant losses being at low frequencies while the less significant are
at high frequencies. This study has also shown that the size of perforations is a characteristic
that influences the hearing losses: the largest perforations have caused the most significant
hearing losses at all frequencies. As compared to the other studies, we have proved that when
the tympanic membrane perforations are analysed according to both size and site, the
posterior perforations will cause more significant hearing losses than the anterior
perforations.

Chapter 6. Study 4. The influence of certain characteristics of the TM
perforations and of the luggage on hearing loss

1. Introduction: In this study we analysed the influence of the size, the age, the causes
of perforations as well as the age of the patients on the hearing loss of patients with TM
perforations. Using a method that does not irradiate the patients, we calculated the volumes of
the middle ears where the perforations occurred and studied the relations between these
volumes and the hearing loss.

2. Material and method: The study involved 182 patients with tympanic membrane
perforations without other middle-ear disease. The age of patients was considered as well as
the size, the age and the cause of each perforation. In a group of 75 patients, who had normal
hearing in the contralateral ear, the middle-ear volumes were calculated by impedansmetry
with Titan tympanometer, taking the ear-canal volume of the contralateral normal ear as
control volume. The size and site of the perforations in these patients were already known.
The hearing losses of the patients classified according to the above-mentioned perforation
characteristics were compared.

3. Results: There weren’t any statistically relevant differences between the ABG
averages of the perforations that differed in age (acute-chronic: ¥* = 0.58, p > 0.05) and cause
(post otitis — post trauma: y°> = 0.46, p > 0.05) and neither among the ABGs of age groups.
The hearing losses in the case of linear perforations were significantly smaller than the
perforations of any other form: round (x* = 6.12), oval (x* = 9.51), reniform (;* = 11.65),
triangle (XZ = 6.04) and irregular (Xz = 8.33), in all cases p < 0.05. The middle-ear volumes
ranged between 1 and 6.8 ml with an average of 4+2.21. Patients with small middle-ear
volumes, < 4ml, had significantly larger air-bone gaps than ears with large middle-ear
volumes, >4 ml, at the lower frequencies. The mean air-bone gaps in ears with small volumes
were 7 to 15 dB larger than in ears with large volumes. The hearing losses of the perforations
with similar site and size differ according to the middle-air volume.

4. Discussions: The study underlined the fact that the age of patients with tympanic
perforations as well as the cause and the age of these perforations do not significantly
influence the hearing loss. However, if the perforations are classified according to their
shape, linear and non-linear, it is shown that the shape of perforations influence the hearing
loss. The results obtained in this chapter are in accordance with the results of other studies:
the conductive hearing loss resulting from a tympanic membrane perforation varies inversely
with the volume of the middle-ear (losses are larger in ears with small volumes).Yet, unlike
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these studies, we used methods of determining the middle-ear volumes that do not involve an
unnecessary irradiation the group of patients.

Chapter 7. Study 5. The influence of the characteristics of the tympanic
membrane perforation on the hearing after its healing

1. Introduction: When choosing a method of closing the perforation (spontaneous, by
eardrum patch or by miringoplasty) it is essential to consider the characteristics of the
perforations (size, site, age) as well as the hearing loss it causes. The controversies in the
specialist literature revolve around the idea whether the characteristics of the perforations can
influence the surgical outcome. This study analyses the impact of the various types of
tympanic perforations on their closing and it determines the closing method leading to the
best results for the patient.

2. Material and method: The study involved the groups of patients describes above,
having the TM perforation as the only middle-ear disease. The patients’ audiograms recorder
before and after closing the perforations were compared, the hearing gain was calculated at 5
frequencies for the perforations classified according to size, site and age. The averages of the
ABGs registered before and after closing by means of the three methods described were
compared, in the case of the perforations of similar sizes. The post-closing evolution of the
hearing losses was analyzed in patients (14) who had normal hearing at the contralateral ear
and mixed hearing loss at the ear with the perforated eardrum caused by barotrauma.

3. Results: The average of the hearing gain at frequencies was of 15.58 dB. The
smallest gain was registered after closing the perforations from group | (13.05dB) and Il
(13.57dB). Starting with group 11 (17.08dB), the hearing gain constantly increased reaching
a peak after closing the perforations in group IV (18.64dB). The gain in the case of anterior
or chronic perforations was slightly smaller than in posterior or acute perforations, ¥* = 0.27,
v = 0.45 respectively. After healing the average of the ABGs was the highest post
myringoplasty (3.87dB), while after spontaneous closing the best results were registered
(0.21dB), the differences being statistically relevant (x> = 4.25, p < 0.05). The post closing
hearing gains, in the case of patients with mixed hearing loss caused by perforations were
insignificant at high frequencies (y* = 0.09 at 4000Hz).

4. Discussions: From the characteristics of the tympanic membrane perforations, only
the size is clinically (yet not statistically) correlated with the hearing gain registered after
closing. This clinical correlation is valid in the case of perforations larger than 10% of the
tympanic membrane. For perforation under this size, the surgical interventions will be for
other purposes (the protection of the middle-ear) than spectacular hearing gain. The site and
age of the tympanic membrane perforation do not influence at all the hearing gain after
closing, but they influence the choice of method to be applied by the ENT doctor. The most
preferable method of healing the perforation is the spontaneous closing, when possible. The
sensorineural loss resulting from perforations registers slight hearing gains.
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Chapter 8. Conclusions:

1. The TM perforation is a disease that frequently occurs in young patients, is not
characteristic for a certain sex or a certain ear;

2. The selection criteria of the patients in the study, with the TM perforation as the only
disease of the middle-ear, is based on the observations of the clinical examination (clinical
criteria), intrasurgical observations (intrasurgical criteria) and on audiogram analysis
recorded after the closing of perforations (post-closing audiological criteria).

3. The gap when the hearing loss resulting from TM perforation as the only middle-ear
disease fluctuates is between 0 and 40 dB, so that the hearing loss exceeding this gap will
show that there is another disease of the ear. Yet, the hearing loss comprised within this gap
does not necessarily indicate that there are no other diseases besides the perforation.

4. The tympanic perforation as the only disease of the middle-ear can appear on the
audiogram as follows: (a) normal hearing 0-5dB; (b) conductive hearing loss, between 5 and
40 dB; (c) possible mixed hearing loss especially occurring at 4000Hz.

5. The simple visual and clinical estimation of the perforation size during otoscopy or
even during otomicroscopy, can result in major errors of up to 50% of the real value. This is
why it is preferable that the perforated tympanic membrane be photographed or registered
and analyzed afterwards.

6. The video-otoscopy is an easy method to obtain clear images of the perforations
where the sizes can be measured by a computerized program of size measurement including
any shape or size, the Universal Desktop Ruler (available on the internet).

7. As opposed to tendency of most ENT doctors to express the perforation size in
sg.mm or according to its diameter, the most accurate way of expressing the size of the
perforation is in percentages, as compared to the whole size of the tympanic membrane,
namely the relative size.

8. The hearing loss resulting from the TM perforations depends on frequencies, with
the largest losses at lower frequencies and smaller losses at high frequencies.

9. The hearing loss rises as the size of the perforation increases.

10. In the case of perforations smaller than 25% of the tympanic membrane, we could
not establish a clear and statistically significant relation between the site of the perforation
and the hearing loss, but clinically the posterior perforations result in larger hearing losses
than the anterior perforations.

11. In the case of perforations larger than 25% of the tympanic membrane, the hearing
loss resulting from the posterior perforations is larger than the hearing loss of the anterior
perforations.

12. The age of the patients with TM perforations as well as the age and the cause of
these perforations do not significantly influence the hearing loss.

13. The shape of the perforations, linear or non linear, influence the hearing loss
because the linear perforations result in a smaller hearing loss than the rest of the
perforations.

14. The hearing loss resulting from TM perforations, also depends on the middle-ear
volume where the perforation occurred. It can thus be explained why identical perforations
(in terms of site and size) can result in different hearing losses.
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15. The hearing loss resulting from a TM perforation varies inversely with the middle-
ear volume: the ABGs are larger in ears with smaller volumes and the other way round.

16. The method of closing the TM perforations that registered the best results in
hearing gain is the spontaneous healing.

17. After the closing of the TM perforations, irrespective of the method, there are
significant hearing gains, especially at lower and medium frequencies.

18. The sizes of the perforations of over 10% of the tympanic membrane is clinically
(but not statistically) correlated with the hearing gain registered after closing the perforations.

19. The other characteristics of the TM perforations do not have any influence on the
hearing gain after the closing of the perforation.

20. The healing of the TM perforation results in a significant conductive hearing gain,
but the sensorineural hearing gain, when the hearing loss has been caused by a perforation, is
less likely to occur.

Chapter 9. Originality and innovative contributions of the thesis

The idea of conceiving a thesis to analyze all aspects of tympanic membrane
perforations is what provides originality to this study. The method of determining and
expressing the perforation size is genuine, for the first time using the programme called
Universal Desktop Ruler, for this purpose. Impedansmetry, which had been previously
known as not being able to apply on perforated tympanic membranes, was used to determine
the middle-ear air space volume. Subsequently, | established that this volume bears a very
important role in the sound transmission through a perforated eardrum.
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