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Abstract

Background: Tympanoplasty is one of the most performed procedures in otorhinolaryngology—head and neck
surgery. Reconstruction of hearing is one of its targeted goals (Jeffery et al., J Otolaryngol Head Neck Surg 46:48,
2017). Closure of tympanic membrane was accomplished by various grafts. Temporalis fascia is commonly used in
tympanoplasty but it could not withstand pressure variations due to its low elasticity (Sözen et al., J Craniofac Surg
23:e280-e283, 2012). Cartilage was preferred in this condition owing to its rigidity (Zhang et al., Otol Neurotol 32:
1234-1238, 2011). However, this rigid character is thought to hinder the acoustic transfer through the cartilage
(Bozdemir et al., ORL J Otorhinolaryngol Relat Spec 74:28-32, 2012).
This study was conducted to determine the acoustic characteristics of sliced mosaic cartilage tympanoplasty.

Results: Comparable success rates were found among the 2 groups at 3 months postoperatively; 14 cases (88%) in
group 1 and 20 cases (91%) in group 2. One year postoperatively, two cases with healed perforation in group 2
showed re-perforation; resulting in decreasing success rate to 81%, in contrast to constant success rate (88%) in the
corresponding follow-up in group 1. However, the difference between the two groups remained insignificant (P = 1
in both follow ups).

Conclusion: Using split thickness cartilage slices arranged in mosaic pattern in type I tympanoplasty successfully
overcame the hindering effect of cartilage on acoustic transfer, with no fear regarding take rate or complications.

Background
Tympanoplasty is one of the most performed procedures
in otorhinolaryngology—head and neck surgery. Recon-
struction of hearing is one of its targeted goals [1].
Closure of tympanic membrane was accomplished by
various grafts. Temporalis fascia is commonly used in
tympanoplasty but it could not withstand pressure
variations due to its low elasticity [2]. Cartilage was
preferred in this condition owing to its rigidity [3].
However, this rigid character is thought to hinder the
acoustic transfer through the cartilage [4].

This study was conducted to determine the acoustic
characteristics of sliced mosaic cartilage tympanoplasty.

Methods
This study was a randomized controlled study, conducted
on 38 patients with tympanic membrane perforation
presented to Otorhinolaryngology Department, University
Hospital, Egypt within the period July 2018 to April 2020.
Inclusion criteria were age 10–60 years old, with dry

central perforations for at least 3 months of any size and
any site whether due to otitis media, failure of healing
after trauma or ventilation tube removal in addition to
air-bone gap (ABG) ≤ 30 dB. Any patient with perfor-
ation due to cholesteatoma, mastoid surgery, previous
tympanoplasty, any cause of delayed healing as anemia,
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granulomatosis, malignancy, etc., age < 10 or > 60 years
old, or unfit for surgery was excluded from this study.
Patients were divided into two groups randomly: group

1 included 16 patients who underwent underlay full
thickness cartilage tympanoplasty.
Group 2 included 22 patients who underwent underlay

sliced cartilage tympanoplasty. In all cases, the cartilage
graft was used in mosaic technique.
Preoperatively, all patients were subjected to history

taking and clinical assessment by otoendoscopy for the
size and site of perforation, and hearing assessment by
pure tone audiometry.
All patients had surgery under general anesthesia. The

tragal cartilage was harvested in all cases. After infiltra-
tion of local xylocaine and adrenaline, incision of medial
aspect on cartilage was done and the cartilage was
dissected from the skin and soft tissue using scissor. The
most lateral part of cartilage was left for cosmetic
purposes. The perichondrium was dissected from both
sides.
The cartilage was handled according to the technique

of each group. It was left as such of its thickness (1 mm)
in group 1 while in group 2 it was sliced into thickness
around 0.5 mm (Fig. 1).
The middle ear was approached either through post-

auricular or transcanal approach. Tympanoplasty was
done endoscopically or microscopically.
The edges of the perforation were trimmed using an

angled pick (Fig. 2). In cases with large perforation with
not enough rim of drum remnant, suspension of
cartilage on osseous annular was done. The middle ear
is packed with gel foam. The cartilage was placed in an
underlay fashion (Fig. 3), using mosaic pattern in which
slices (or pieces) of cartilage, are pieced together, like
the pieces of a jigsaw puzzle (Figs. 4 and 5).
Postoperatively, the patients were discharged in the

same day on medical treatment of antibiotic and analgesic

for 5 days. The bandage or ear pack was removed after 5
days and the stitches were removed. Then, the patients
were advised to use local ear drops for 3 days.
The patients of all groups were assessed at intervals of

3 and 12 months, using subjective improvement, endo-
scopic examination, and audiometry. The results were
analyzed regarding graft take, audiological gain, and
complication. The success take is defined as graft take
without residual perforation, lateralization or medializa-
tion. Audiological gain is defined as the difference in
mean ABG before and after surgery at frequencies of
500, 1000, and 2000 Hz.
Data were coded and entered using the statistical

package for the Social Sciences (SPSS) version 26 (IBM
Corp., Armonk, NY, USA). Data was summarized using
mean, standard deviation (SD), median (med.), minimum
(min.), and maximum (max.) in quantitative data and
using frequency (count) and relative frequency (percent-
age) for categorical data. Comparisons between quantita-
tive variables were done using the non-parametric
Mann-Whitney test (Chan, 2003a). For comparing
categorical data; chi square (χ2) test was performed.

Fig. 1 Sliced cartilage

Fig. 2 Trimming of cartilage

Fig. 3 Placing the cartilage in underlay fashion
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Exact test was used instead when the expected frequency
is less than 5 (Chan, 2003b). P values less than 0.05 were
considered as statistically significant.

Results
Demographic data and preoperative characteristics of the
perforations
This study included 38 patients, with age range 11–49;
20 males and 18 females. Most of perforations in this
study were due to infection (Table 1).

Operative data
Transcanal approach was used in 32 cases, while post-
auricular approach was used in 6 cases. The procedure
was done under endoscopic assistance in 28 cases and
microscopic assistance in 10 cases (Table 2).

Postoperative healing results
Comparable success rates were found among the 2
groups at 3 months postoperatively; 14 cases (88%) in
group 1 and 20 cases (91%) in group2. One year postop-
eratively, two cases with healed perforation in group 2
showed re-perforation; resulting in decreasing success

rate to 81%, in contrast to constant success rate (88%) in
the corresponding follow-up in group 1. However, the
difference between the 2 groups remained insignificant
(P = 1 in both follow-ups).

Postoperative hearing results
Preoperatively, there was no statistically significant
difference in ABG between the 2 groups. At 3 months
postoperatively, the ABG declined to 11 ± 3 SD dB in
group 2 which was significantly less than group 1 (P =
0.03), in which the ABG was 15 ± 4 SD dB at this time
of follow-up. Although, at 1 year postoperatively, the dif-
ference of the ABG was in favor of group 2 (10 ± 3 SD
dB in group 2 versus 13 ± 4 SD dB in group 1), it was
not statistically significant (Table 3).

Postoperative complications
Infection was reported in only two cases in group 2
during the whole period of the follow-up.

Fig. 4 Full thickness mosaic technique, right ear

Fig. 5 Partial thickness mosaic cartilage tympanoplasty, left ear

Table 1 The distribution of cases, their demographic date, and
the cause and the preoperative characteristics of their
perforations

Group 1
(full thickness)

Group 2
(partial thickness)

Total numbers of cases 16 22

Age range 23–42 11–49

Sex

Male 10 10

Female 6 12

Cause of perforation

Infection 14 18

Trauma 2 4

Site of perforation

Anterior 2 4

Center 12 16

Posterior 2 2

Size of perforation

Small 4 4

Medium 8 12

large 4 6

Table 2 The approaches used in the cases of the 2 groups

Group 1 Group 2

Approach

Transcanal 12 20

Postauricular 4 2

Assistance

Endoscopic 12 16

Microscopic 4 6
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Discussion
Although tympanoplasty using cartilage grafts has better
graft take than temporalis fascia graft, its rigid quality
lead to worse hearing outcomes [4]. It has been thought
that the cartilage of greater thickness yield worse hearing
outcome [5].
Slicing of the cartilage was one of the solutions pro-

posed by researchers to improve the hearing outcomes.
Overbosch, 1971, was the first one who proposed such
suggestion. The concept of slicing the cartilage to
improve acoustic gain is based on the principle of mass
and stiffness of the cartilage [6]. This suggestion was
supported by the results of the laboratory studies of
Zanhert et al. and Lee et al., as well as the clinical stud-
ies done by Khan and Parab, Mokbel et al., and Nemade
et al. [7–11].
In addition to slicing of cartilage to help in reducing

acoustic transfer loss with the cartilage, modification of
graft insertion technique is another suggestion. Surgical
processing of the cartilage in terms of its shape and loca-
tion can alter its acoustic transfer properties [12]. This
idea was supported by the studies of Murbe et al. and
Arora et al. in which they found favorable acoustic
results with arranging the cartilage in palisade manner.
The concept of arranging the cartilage in palisades is
that manner facilitates mobility of the cartilage and
improves the acoustic impedance [13, 14]. The same
concept was adopted and supported by Abou Mayaleh
et al., but they used mosaic technique in which pieces of
cartilage are grouped together in jigsaw manner like the
leaves of a tulip flower [15]. This mosaic technique is
the one adopted in this current study but with using
cartilage pieces of various sizes and shapes as Dornhoffer
did in his work [16].
This current study supported the combined acoustic

benefit of both sliced cartilage and mosaic technique as
well. The postoperative decline in ABG after 3 months
was found to be significantly better when partial thick-
ness cartilage was used compared to full thickness one.
The mean audiological gain in the first 3 months
postoperatively in partial thickness group was 13 dB
compared to 8 dB in the other group with significant P
value (0.03). Therefore, according to the results of this
3-month follow-up, it could be said the sliced cartilage
has a better acoustic benefit. The 1-year follow-up
showed that acoustic results of full thickness group were

found comparable to the corresponding results in sliced
group. The audiological gain in sliced group was better
but not significant statistically (P = 0.07). The latter
results could be explained by the documented
phenomenon of dissolution of cartilage with time
[17–19]. In the current study, it could be assumed
that the dissolution of cartilage along time has chan-
ged the vibratory property of the cartilage which
added to acoustic benefit of mosaic technique which
yielded finally to comparable results to the sliced
cartilage.
Another great advantage of using such technique

could be achieved in persistent tubal dysfunction. In
such condition, suspension of cartilage on osseous annu-
lar is necessary to achieve strong stability. Suspension of
cartilage on osseous annular is associated with more
transfer loss unlike to suspension on tympanic mem-
brane remnants. This is because the latter technique of
suspension relies on the stiffness of normal tympanic
membrane. Therefore, in chronic tubal obstruction,
using mosaic technique together with slicing the cartil-
age could eliminate the feared effect of suspension of
cartilage on the osseous annular [13]. Moreover, it could
be the protocol in all cases, as there is consensus that
tubal function could not be reliably predicted preopera-
tively [8].
Tragal cartilage was the one that was used in all cases

in this current study. Moreover, many other authors
used it owing to its advantages in being accessible, thin,
flat and in adequate quantity for reconstruction the en-
tire tympanic membrane [20]. It is worth mentioning
that the acoustic properties of the conchal cartilage are
the same as that of the tragal cartilage [13].
This study had some limitations. The number of cases

was limited to some extent. The duration of follow-up
was relatively short. Using of blade in slicing was not so
precise compared to the slicer.
The authors suggest in the future studies further study

of using of sliced cartilage in myringoplasty on a larger
sample of population and for longer time of follow-up.

Conclusion
Using split thickness cartilage slices arranged in mosaic
pattern in type I tympanoplasty successfully overcame
the hindering effect of cartilage on acoustic transfer,
with no fear regarding take rate or complications.

Table 3 The values of preoperative and postoperative ABG (in dB) in both groups

Group1 Group2 P value

Mean SD Minimum Maximum Mean SD Minimum Maximum

Preoperative ABG 23 5 13 29 24 5 13 30 0.8

Postoperative ABG (3 months) 15 4 9 19 11 3 6 15 0.03

Postoperative ABG (1 year) 13 4 6 19 10 3 5 14 0.07
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