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Abstract

Background: Indications for removal of mastoid air cells and obliterating the mastoid cavity vary considerably from surgeon
to surgeon. Various obliteration techniques have been recommended to eliminate open cavity problems. Here we investigat-
ed the difference between natural and synthetic filling materials to improve hearing after obliteration of the mastoid cavity.
Setting: Academic tertiary care medical centers (Al-Azhar and Ain-Shams University Hospitals).

Study design: Retrospective comparative study included 60 patients divided into 2 equal groups.

Methods: The study was conducted over 6 years from 2008-14. The mean follow-up time was 3.5 years.

Results: We found that serviceable hearing (<30 dB) was obtained after surgery in 52 patients (86.6%). In cases where natu-
ral materials were used in reconstruction, the average gain in AC was 25.5 dB and in BC it was 1.1 dB, while in cases where
synthetic materials were used the average gain in AC was 26 dB and in BC it was 0.5 dB. There was significant improvement
in the mean postoperative AC compared to the mean preoperative AC. However, there was no statistically significant differ-

ence between the use of natural and synthetic materials in improving postoperative hearing.

Conclusions: Both natural and synthetic materials help in improvement of hearing after obliteration of the mastoid cavity.
There is no statistically significant difference between the materials.
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ESTUDIO COMPARATIVO ENTRE LOS MATERIALES NATURALES Y SINTETICOS
EN LA MEJORA DE LA AUDICION TRAS LA OBLITERACION DE LA CAVIDAD
MASTOIDEA

Resumen

Introduccion: Los cirujanos difieren en las opiniones sobre la necesidad de eliminar las células mastoideas y de la obliteracion
de la cavidad mastoidea. Se recomienda una variedad de técnicas de la obliteracién con el objetivo de eliminar los problemas
de la cavidad abierta. Hemos analizado la diferencia entre los materiales naturales y sintéticos de relleno desde el punto de vis-
ta de la mejora auditiva tras la obliteracién de la cavidad auditiva.

La prueba se realizo en el centro médico académico especializado (Al-Azhar and Ain-Shams University Hospitals).

Plan de estudio: Ha sido un estudio comparativo retrospectivo, realizado en 60 pacientes divididos en dos grupos iguales.
Métodos: El estudio se estaba realizando durante seis afios (2008-2014). La media de seguimiento fue de 3 afios y medio.
Resultados: El estudio demostrd, que como resultado de la intervencion cirdgica se consiguié una audicién correcta (umbral
de 30 dB o inferior) en 52 pacientes (un 87%). En los casos de aplicacion del material natural para la reconstruccion, el be-

neficio de la conduccion aérea fue de 25,5 dB, y de la conduccién 6sea 1,1 dB. En los casos de utilizacion del material sintéti-
co para la reconstruccion, los valores que se comparan fueron, respectivamente, 26 dB y 0,5 dB. En consecuencia, teniendo en
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cuenta la tasa media, hubo una mejora significativa en la conduccion aérea después de la cirugia, en comparacion con el esta-
do previo a la intervencion. No se han observado diferencias estadisticamente significativas entre el impacto de los materiales
naturales y sintéticos en el resultado de la conduccion aérea y dsea.

Conclusiones: Ambos materiales, naturales y sintéticos, contribuyen a mejorar la audicion tras la obliteracion de la cavidad
mastoidea. No hay diferencias estadisticamente significativas entre ambos tipos de material.

Palabras clave: mejoras auditivas « cavidad mastoidea o obliteracion del apofisis mastoides

CPABHEHME B/IMAHVA HATYPAJIbHBIX I CMUHTETMYECKNX MATEPMAJIOB
HA YIYYIIEHME CJIYXA ITIOCJIE OBJIMTEPALIINI COCHEBUIHOTO
OTPOCTKA

N3noxxenue

BBepenne: Xyupypru mo-pasHoMy OTHOCATCS K IIOKa3aHMAM K yHAJIEHUIO A4eeK COCLIEBIIHOIO OTPOCTKA U obnuTepa-
LMY MacTOMAAIbHOI HOMOCTH. CylleCTByeT MHOXKECTBO Pas/IMIHBIX METOROB OOMIUTEpALiy /I YCTPaHeHMs IpobieM
OTKPBITOI 1O/IOCTH. MBI IPOBE/IN aHA/IN3 Pas3INyysA MeXY HaTypaJbHbBIMM M CMUHTETUYHBIMMY 3aIIO/IHUTE/IAMY B ILIa-
He UX BO3JIENICTBNUA Ha YIy4IIeHNe CIyXa IOoc/e 0O/IMTepaliy COCIIeBUIHOTO OTPOCTKA.

MecTo HpOBefeHNsI NCCTIEROBAaHNUS — CIIELaAbHbIl aKafjeMudeckuit MeguunHcKmit ueHTp (Al-Azhar and Ain-Shams
University Hospitals).

IInan nccnemoBanmA: Bb10 IPOBENEHO PETPOCIEKTMBHOE CPABHUTENIPHOE CCTIENOBAHME, B KOTOPOM IIPUHSA/IO y9aCTIe
60 60IbHBIX, pa3fe/IeHHBIX Ha [[Be PaBHbBIX IPYIIIbIL.

Mertoppl: ViccmenoBaHue MpOBOAMIOCH Ha IpOoTsHKeHun 6 et (2008-2014). CpenHee BpeMs HaOMIOAEHUA COCTaBIIIO
3,5 roma.

Pesynbrarer: VccnemoBaHue IOKa3ano, YTO B Pe3y/bTaTe XMPYPruUIecKoil IPOLenyphbl ObIIO ZOCTUTHYTO YAy4YLICHMEe
crnyxa (mopor 30 1b nian MeHblue) y 52 601pHbIX (87%). B ciy4asnx ucnonb3oBaHMs HaTypaTbHOTO MaTepyuasa s pe-
KOHCTPYKLIMM CpeflHee ynydlleHye BO3AYIIHONM MPOBOAMMOCTY COCTaBuIo 25,5 nb, a KocTHol npoBogumocty 1,1 nb.
B crydasx npumeHeHUsA CMHTETUYECKOTO MaTepuasa JIi peKOHCTPYKIMM CPaBHUBAaeMble 3HAYE€HUA COCTABUINA, COOT-
BETCTBEHHO, 26 1B 1 0,5 nB. B cBs3M ¢ TeM, yUUTHIBas CPefHUIT II0Ka3aTe/lb, 6BUIO OTMEYEHO 3HAUUTEIbHOE YIy4lIeHNe
BO3J[yIIIHOI IPOBOJVIMOCTY IIOC/Ie OIIepaIlVM II0 CPAaBHEHUIO C COCTOSHMEM [0 onepaiyy. He 6bU10 OTMeYeHO cTaTm-
CTMYECK) 3HAYMMBIX Pas3/IMyuMii MEX/y BIMAHMEM HaTypPa/IbHBIX M CMHTETUYECKMX MaTePUajIOB Ha Pe3y/lIbTaT BO3LYLI-
HOJI ¥ KOCTHOJ IIPOBOAVIMOCTHL.

BbIBOI[I)I: Kak HaTypaJabHBIE, TaK VI CMHTETUYECKVIE MaTePpyaibl OKa3bIBaIOT B/IVIAHVIE Ha YIYyIIICHNE C/TyXa I10C/Ie o6mn-
Teépauny COCLHEBMAHOTIO OTPOCTKaA. HeT cTratuctnyeckn 3HaYMMBIX pasm/mnﬁ[ MEXOY 3TMN MaTepraaaMm.

KnroueBbie ctoBa: yaydlmeHne Cryxa e CoClieByAHasA I€lepa 06HI/ITepaLU/IH COCLIEBMAHOIO OTPOCTKA

POROWNANIE MATERIALOW NATURALNYCH I SYNTETYCZNYCH

W KONTEKSCIE POPRAWY SEUCHU PO OBLITERAC]I JAMY SUTKOWE]

Streszczenie

Wstep: Chirurdzy w rézny sposob postrzegaja wskazania do usuniecia komorek sutkowych oraz obliteracji jamy sutkowej. Za-
leca si¢ wiele roznych technik obliteracji w celu usunigcia probleméw otwartej jamy. Zanalizowali$my réznice pomiedzy natu-
ralnymi i syntetycznymi materiatami wypelniajacymi w kontekscie poprawy stuchu po obliteracji jamy stuchowe;.

Miejsce: Specjalistyczne akademickie centrum medyczne (Al-Azhar and Ain-Shams University Hospitals).

Plan badania: Bylo to poréwnawcze badanie retrospektywne przeprowadzone wsrdd 60 pacjentéw podzielonych na dwie réw-
ne grupy.

Metody: Badanie bylo prowadzone przez ponad sze$¢ lat (2008-2014). Sredni czas obserwacji wynosit 3,5 roku.
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Wyniki: Badanie wykazalo, ze w wyniku zabiegu chirurgicznego uzyskano poprawny stuch (prég 30 dB lub mniej) u 52 pa-
cjentéw (87%). W przypadkach wykorzystania naturalnego materialu do rekonstrukeji, $redni zysk przewodnictwa powietrz-
nego wnosil 25,5 dB, a przewodnictwa kostnego 1,1 dB. W przypadkach wykorzystania syntetycznego materialu do rekon-
strukcji, pordwnywane wartoéci wyniosly odpowiednio 26 dB i 0,5 dB. W zwiazku z powyzszym, biorac pod uwage $redni
wskaznik, pojawila si¢ znaczna poprawa przewodnictwa powietrznego po operacji w poréwnaniu ze stanem przed operacja.
Nie byto statystycznie znaczacych réznic pomigdzy wptywam materialéw naturalnych i syntetycznych na wynik przewodnic-

twa powietrznego i kostnego.

Whioski: Zaréwno materialy naturalne jak i syntetyczne maja wplyw na poprawe stuchu po obliteracji jamy sutkowej. Nie ma

statystycznie znaczacej réznicy pomiedzy tymi materiatami.

Stowa kluczowe: zyski stuchowe « jama sutkowa e obliteracja wyrostka sutkowego

Background

Indications for removal of mastoid air cells and obliterat-
ing the mastoid cavity varies considerably from surgeon
to surgeon [1]. Various obliteration techniques have been
recommended to eliminate open cavity problems. Mosher
in 1911 was the first to use the soft tissue flap technique
in which a post-aural subcutaneous flap is used to fill the
cavity after the mastoid has been obliterated. Subsequently,
soft tissue flaps, free bone, cartilage grafts, autograft, and
synthetic fillers have been used to reduce mastoid cavities
and reconstruct the canal wall [2].

In principle, any surgical procedure on the ear can af-
fect its acoustic function, including surgery of the exter-
nal ear [3]. The volume of the ear canal and the width of
its entrance affect sound resonance [4]. In this study, we
aimed to find out the difference in hearing improvement
between cases of mastoid obliteration without ossicular
reconstruction in which natural and synthetic materials
were used as fillers.

Material and methods

Exactly 60 patients underwent obliteration of the mas-
toid cavity, 30 in which natural materials were used to fill
the cavity and 30 in which synthetic materials were used.
The study was conducted at academic tertiary-care med-
ical centers (Al-Azhar and Ain-Shams University Hospi-
tals) for more than 6 years (between 2008 and 2014). The
mean follow-up time was 3.5 years.

The 60 patients were either primary (obliteration was done
in the same site) or secondary (cavity opened after a pre-
vious operation). The research aimed to compare the use
of natural and synthetic materials in overcoming post-
operative cavity problems. Patients with previous senso-
rineural hearing loss were excluded from the study. In-
formed consent was obtained from the patients or their
legal representatives. In terms of patient epidemiology,
there was no statistically significant difference between
the two groups regarding mean age, gender, or geograph-
ic origin as shown in Table 1. The mean age was 29.6+15.4
SD in the natural material group and 26.5+12.4 SD in the
synthetic material group.

Surgical technique

Multiple techniques (atticotomy, atticoantrotomy, or canal
wall down) were used in this study as described by Mey-
er et al. [5]. There was no statistically significant differ-
ence between the types of operative techniques (x*=2.06,
p=0.35), as summarized in Table 2.

Tragal cartilage was used in all cases to reconstruct the
tympanic membrane (TM) as it was better in resisting in-
fection. The graft was applied to the stapes head if it was
present or to the promontory if stapes supra-structure was
absent (ossiculoplasty was postponed to a second stage).
Additionally, functional reconstruction of the mastoid cav-
ity was performed. Several materials were randomly used,
including both natural and synthetic materials.

Table 1. Descriptive statistics of residency, age, and gender of patients

Natural material

Synthetic material

Demographic data n (%) n (%) p-value

Residency, n (%)
Rural 20 (66.7) 18 (60) X
Urban 10 (33.3) 12 (40) 07
Age (years)
Mean +SD 29.6+£15.4 26.5£12.4 0.82*
Gender (n/%)
Male 9 (30) 11 (36.6)

0.56*
Female 21 (70) 19 (63.4)

* Not significant at p>0.05
38
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Table 2. Types of operation used
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Type of surgery

: Secondary
Primary (open cavity) p-value
A &A cww MRM R
No. of patients, n 18 15 14 13
0.35*
Percentage (%) 30% 25% 23.4% 21.6%

A&A — atticotomy and atticoantrotomy; CWW — canal wall window mastoidectomy; MRM — modified radical mastoidec-

tomy; R — reconstruction only. * not significant at p>0.05
Figure 1. Hearing by bone and air conduc-
70 tion of the natural and synthetic groups
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Figure 2. Mean hearing by bone conduction and air con-
duction of all patients for both the preoperative (pre) and
postoperative (post) periods

The natural materials used were as follows. 1) Inferiorly
pedicled musculo-periosteal flap alone according to Chole
et al. [6]. The flap was fashioned from the previously pre-
pared, posteriorly based musculo-periosteal flap with at-
tention to preserve its blood supply from the posterior
auricular artery. 2) Composite multi-fractured osteo-peri-
osteal flap according to Ucar [7]. The upper margin of in-
feriorly based flap was incised; the periosteum was down-
wards elevated with a 7-mm chisel, rising with it thin bone
lamellae 1-mm thick. The composite flap was then used
for obliteration. 3) Obliteration of the mastoid by infe-
riorly pedicled musculoperiosteal flap with cartilage ac-
cording to Sudhoff and Hildmann [8]. 4) Soft tissue grafts
including connective tissue harvested from the postauric-
ular region, larger free fascia grafts, free muscle graft and
Palva flap (anteriorly pedicled periosteal flap). 5) Finally,

The synthetic materials were as follows. 1) Titanium mesh
as described by Wilson and David [10]. The mesh was bent
by manual manipulation and cut using special wire scis-
sors. The required size was cut and placed slightly anteri-
or to the facial ridge, reaching in depth the bony tympanic
annulus. The composite titanium mesh was then attached
to the remaining parts of the adjacent superior and infe-
rior cortical bone and secured with two 3-mm titanium
screws. 2) Bioglass as described by Ezzat and Eid [11]. The
bioglass was mixed with blood and filled the mastoid cav-
ity, sparing the epitympanum which was not obliterated.
Temporalis fascia graft was placed on the bioglass.

Audiological assessment

Pure tone audiometry was performed before surgery, and
3, 6, and 12 months (and sometimes 2 years) postopera-
tively. Hearing evaluation was done using two methods. 1)
Comparing the means of postoperative gain in air conduc-
tion (AC) and bone conduction (BC) and the gain = differ-
ence between pre- and postoperative levels. 2) Calculating
the percentage of the patients having postoperative ser-
viceable hearing (AC <30 dB). Patients with preoperative
sensorineural hearing loss were excluded from the study.

Statistical analyses
Statistical analysis was performed by a specialized com-

pany using the statistical software package SPSS for Win-
dows, version 20 (SPSS, Inc. Chicago, IL). A chi-square
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Table 3. Mean hearing level in cases of using natural and synthetic materials in reconstruction or obliteration

Material
t-test
Natural material ~ Synthetic material
Mean +SD Mean +SD t p-value
Bone conduction (mean) pre 12.581+10.830 16.250+12.575 -0.741 0.463*
Bone conduction (mean) post 11.573+10.175 15.417+11.664 -0.829 0.413*
Bone conduction (mean) gain 1.008+2.610 0.833+1.291 0.159 0.875*
Air conduction (mean) pre 53.935+10.614 57.167+17.198 -0.615 0.543*
Air conduction (mean) post 27.323+7.268 31.167+10.028 -1.116 0.272*
Air conduction (mean) gain 26.61345.841 26.000+8.764 0.217 0.830*

SD - standard deviation; * not significant at p>0.05; ** significant at p<0.05; pre — preoperative; post — postoperative

Table 4. Descriptive statistics for hearing evaluation in both bone and air conduction of all patients

Bone conduction

Paired differences Paired samples test

Range Mean +SD Mean SD t p-value

Bone conduction (mean) pre 2.5-35.0 13.176+11.026
0.980 2.432 2.450 0.190*

Bone conduction (mean) post 3.75-33.75 12.196+10.356

Air conduction

Paired differences Paired samples test

Range Mean +SD Mean SD t p-value
Air conduction (mean) pre 34.0-85.0 54.459+11.680
26.514 6.257 25.777 0.000**
Air conduction (mean) post 14.0-48.0 27.946+7.749

SD - standard deviation; * not significant at p=0.05; ** significant at p<0.05; pre — preoperative; post — postoperative

test and a paired-samples test were used to compare the
groups. The significance level was set at p<0.05.

Results

This was a retrospective comparative study of the two
groups of patients. Comparative parameters and results
are summarized in Tables 3 and 4. Pre- and postopera-
tive hearing assessment of the natural material group re-
vealed that the average AC gain was 25.5 dB and BC gain
was 1.1 dB. Serviceable hearing (threshold <30 dB) was
obtained in 25 of 30 patients (83.4%). In the synthetic ma-
terial group, pre- and postoperative hearing assessment
showed that the average AC gain was 26 dB and in BC it
was 0.5 dB. Serviceable hearing (threshold <30 dB) was
obtained in 27 of 30 patients (90%) as shown in Figure 1.

Statistical analysis showed there was no significant change
in BC before and after the operation (t=2.45, p=0.19). In
addition, by paired samples test there was significant im-
provement of AC after the operation (#=25.7, p<0.05) as
shown in Table 4 and Figure 2. However, there was no sig-
nificant difference (p=0.05) between natural and synthetic
materials as regards the mean pre- and post-operative AC
and BC, as shown in Table 3 and Figure 1.

40

Discussion

Over the past years, surgical procedures in chronic oti-
tis media with cholesteatoma have changed significant-
ly. The primary goal of the canal wall reconstruction is
the creation of a dry, safe ear. Hearing gain is a second-
ary, although important consideration. Hearing gain can
be achieved by obliteration of the open mastoid cavity as
well as by ossicular construction. An additional advan-
tage is that hearing aids are easier to fit into an obliterat-
ed cavity than into an open cavity. The obliterated cavity
is also more likely to retain its epithelial migratory poten-
tial and be self-cleaning [12].

In our study, we found that serviceable hearing (<30 dB)
was obtained after surgery in 52 patients (86.6%), while
there was no worsening of the air-bone gap in the fol-
low-up period. Additionally, high-frequency sensorineu-
ral hearing loss was detected in 4 patients (6.6%), proba-
bly caused by acoustic trauma during drilling. Berrettini
et al. [13] reported functional features in obliteration of
the mastoid with a temporo-parietal fascia and found im-
proved hearing in 91% of cases. After 5 years, 3 patients
had significant worsening of the air-bone gap (>10 dB),
and marked tympanic retraction was observed in 2 of
them; high-frequency sensorineural hearing loss, probably
caused by acoustic trauma during drilling, was detected in
4 patients (9%). However, Della Santina and Lee [14] found
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that there was no significant change in the PTA for a long
time after using Ceravital (a synthetic ceramic material).

Visvanathan et al. [15] reported hearing thresholds <30
dB in 53 patients, <50 dB in 31 patients, and <70 dB in
15 patients. The mean improvement of the air-bone gap
was 24.8 dB. Della Santina and Lee [14] reported that the
postoperative hearing improvement with Ceravital recon-
struction after an average of 7 years (range up to 17.8 years)
was 43.9£20.5 dB in the mean AC and 16.8+13.8 dB in
BC, with an air-bone gap of 27.1+11 dB.

In our study the mean pre- and postoperative air-bone gaps
for all patients were 54.4 and 27.9 dB, respectively, giving
a mean improvement of 26 dB irrespective of the materi-
al used in obliteration or the type of surgery.

Hearing improvement after cavity obliteration may be ex-
plained by improvement of sound resonance in the ear ca-
nal. The volume of the ear canal and the width of the ca-
nal inlet are important factors in sound conduction which
affect the resonance of the canal. A resonance induced

References:

amplification of sound pressure reaches up to 20 dB in
the normal ear canal at frequencies of 1000-3000 Hz. The
wavelengths of these frequencies are about four times the
canal length [4].

Furthermore, the short period of study did not give us
more information about long-term outcomes; we there-

fore recommend longer follow-up times.

Conclusions

Both natural and synthetic materials can help in hearing
gain after obliteration of the mastoid cavity. There is no
significant difference between them. However, natural ma-
terials are preferred in terms of cost-effectiveness.
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