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Introduction

Tympanoplasty was first introduced by Wullstein in 
19521 and Zöllner in 1955.2 It was then classified 
into five subtypes by Wullstein3 in 1956. In this 
classification, type-I tympanoplasty is described 
as the repair of tympanic membrane (TM) alone, 
in ears with an intact ossicular chain. Besides, it 
differs from myringoplasty due to the elevation of 
the tympanomeatal flap.4 

Since its first presentation, various grafting 
materials and surgical methods have been described.5 
Although temporalis muscle fascia (TMF) has been 
the leading grafting material, perichondrium and 
cartilage have also become popular in the last two 
decades. Perichondrium and cartilage share the 
same mesenchymal origin with TMF, but they are 
stiffer and more durable.6 This advantage results in 
better graft take-up rates,7 while the graft failure rate 
of TMF increases even more in cases of eustachian 
tube dysfunction, retracted TM and subtotal/total 
perforation.8 Although cartilage seems to be more 
durable, according to recent studies, an important 
issue has been overlooked, which is the pre-

operative size and site of TM perforation. In the 
majority of comparative studies, the size and site 
of perforation were not taken into consideration 
or evaluated from different aspects (diameter, site, 
percentage and surface area),9-12 thus making the 
results contradictory. 

There has been an opinion expressed on the 
superiority of cartilage and/or perichondrium 
grafting in terms of anatomical outcomes; however, 
there is an ongoing debate concerning the functional 
outcome in terms of post-operative hearing gain.13 The 
purpose of this study is to compare anatomical and 
functional outcomes in patients who had undergone 
type-I tympanoplasty with three different grafting 
materials (fascia, perichondrium and cartilage-
perichondrium composite island graft). Besides, 
for possible confounding effects, the variation in 
the size and site of perforation on a group basis was 
also taken into consideration.
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Surgical procedure

Type-1 tympanoplasty was performed by three 
different attending surgeons, individually and 
with assistance from otolaryngology residents. 
Patients in all three groups were operated on under 
general anaesthesia. Transcanal, postauricular 
and endaural approaches were used for all groups 
according to the pre-operative microscopic ear 
examination, in which the pattern of the ear canal, 
and the site and size of perforation were taken into 
account. For instance, in cases where there were 
anteriorly localized or subtotal/total perforations 
with obscured vision of the anterior margin of 
perforation, the retroauricular approach was the 
preferred technique, whereas, in cases involving 
posteriorly localized perforations, the transcanal 
or endaural approach was used. The type of graft 
was determined according to the condition of 
the relevant ear, along with the condition of the 
opposite ear. A cartilage-perichondrium composite 
island graft was particularly chosen in cases with 
total perforation, an anteriorly absent TM remnant 
and in cases having retracted or adhesive TM in the 
opposite ear. In cases with relatively smaller and 
central perforations with a healthy opposite ear, the 
preferred grafting materials for the post-auricular 
approach and endaural/transcanal approaches were 
TMF and perichondrium, respectively. 

Materials and methods

Ethical considerations

The authors assert that all procedures contributing 
to this work comply with the ethical standards of 
the relevant national and institutional guidelines 
on human experimentation (MCBU Klinik 
Arastırmalar Etik Kurulu) and with the Helsinki 
Declaration of 1975, as revised in 2008. This 
research received approval from the institutional 
review board (11.05.2016/20478486-80). 

Design and study population

In this retrospective study, a sample  size  of 140 
cases was determined based on a  power  of 90% 
with an effect size of α2=0.05. The medical files and 
documents of 194 cases who had undergone type-I 
tympanoplasty over a period of nine years, from 
September 2008 to January 2017, were analysed. 
The exclusion criteria were as follows: (i) presence 
of retraction pocket, (ii) presence of cholesteatoma, 
(iii) presence of ossicular chain defect, (iv) history 
of previous surgery in the relevant ear. According 
to these criteria, 40 cases were excluded. Thereby, 
154 eligible cases were enrolled into the study, 
which were then divided into three groups 
according to graft type: (i) fascia group (19 cases), 
(ii) perichondrium group (92 cases), (iii) cartilage 
group (43 cases). 

Figure 1
(a) Endoscopic view of TM and (b) calculation of the percentage of the perforated area.
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Previous to the surgery, adrenaline ((5 µg/
ml (5-8cc)) was injected into canal skin in four 
quadrants and the retro-auricular region in the case 
of the retro-auricular approach. In the cartilage 
and perichondrium groups, the graft was harvested 
from the tragus, whereas, in the fascia group, it was 
harvested from TMF. For harvesting the cartilage 
graft, the skin incision was made on the medial side 
of the tragus, with a 2-3 mm rim of cartilage left on 
the lateral margin of the tragus for cosmetic purposes 
(Figure 2a). Next, the tragal cartilage was taken out 
with the perichondrium over its concave side. The 
perichondrium over its lateral surface was dissected 

as part of the flap (Figure 1b). In the cartilage group, 
a circular 1-2 mm strip of cartilage was dissected 
and stripped off, leaving a central island-shaped 
cartilage fragment. After that, a wedge-shaped 
fragment of cartilage was stripped off to create a 
notch for the long handle and the lateral process 
of the malleus (Figure 2c). The cartilage was 
gently thinned with a No. 11 blade, to a thickness 
of less than 0.5 mm. In the perichondrium group 
after tragal skin incision, just as in the case of the 
cartilage group, the graft was taken from the medial 
(concave) side of the tragus.  

Medial circumferential and radial canal incisions 
were made for the elevation of the tympanomeatal 
flap. After elevation of the annulus, the continuity 
and mobility of the ossicular chain were checked 
in all cases. In all three groups, the grafts were 
placed in an over-underlay fashion. Gelfoam pieces 
in different sizes and numbers were placed into the 
middle ear and over the graft routinely in the fascia 
and perichondrium groups, but only in selected 
cases (in the case of inadequate contact between 
the graft and the remnant margin) of the cartilage 
group. The operation was ended with the placement 
of PVA sponge (Merocel) in the ear canal. 

Documentation of outcome measures

The size of TM perforation was determined in terms 
of involved percentage by using ImageJ software 
(Figure 1) and categorized as follows: (small) 
<25%, (medium) 25-50%, (large) 51-75%. (total) 
>75%. The site of perforation was also categorized 
into four groups ((I) anterior, (II) posterior, (III) 
inferior, (IV) subtotal), which were reviewed pre- 
and post-operatively.

For the evaluation of the functional outcome, pure 
tone audiometry (air and bone conduction thresholds 
at frequencies of 250 Hz, 500 Hz, 1,000 Hz, 3,000 
Hz and 4,000 Hz) were reviewed pre- (just before 
admission) and post-operatively (three months after 
surgery). The average ABG was determined pre- 
and post-operatively for the calculation of ACG for 
each case. 

Statistical analysis

The functional outcome was evaluated by 
comparing the ACG and the post-operative ABG, 
whereas the anatomical outcome was determined by 
comparing the findings of pre- and post-operative 
oto-microscopic and oto-endoscopic examination. 
The distribution and equality of variances were 

Figure 2
(a) Dissection of tragal cartilage while leaving a strip (*), (b) 
tragal cartilage graft with perichondrium on the concave side, 
and (c) cartilage-perichondrium composite island graft with a 
wedge resection.
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The size of perforation was scored on an interval 
and a ratio level. Meanwhile, the site of perforation 
was noted as an ordinal variable. Therefore, the 
impact of the size and site on the ACG was evaluated 
using the Spearmen correlation test, which revealed 
no significant correlation between perforation size 
and the ACG (p=0.193). In addition, no significant 
correlation was found between the site of perforation 
and the ACG (p=0.372).

Functional outcome measures:

The mean ACGs for fascia, perichondrium and 
cartilage groups were 14 dB, 13 dB and 10 dB, 
respectively (Table 3). The Shapiro-Wilk test and 
a visual inspection of their histograms, normal Q-Q 
plots and box plots (Figure 3) showed that the ACG 
values were normally distributed for the fascia 
(p=0.19), perichondrium (p=0.14) and cartilage 
(p=0.16) groups, respectively. For this reason, ACG 
comparisons between groups were performed using 

evaluated with the Shapiro-Wilk and Levene tests, 
respectively.  A comparison of variables between 
groups was carried out using one-way ANOVA 
or the Kruskal-Wallis test, according to the type 
of variable and the results of the Shapiro-Wilk 
test. The Scheffe test was preferred for post hoc 
analyses due to the unequal group sizes. The effect 
of the site and size on the functional outcome was 
evaluated with the Spearmen correlation test. The 
data were presented as mean±standard deviation 
(SD), and the results with a confidence interval of 
95% and p<0.05 were considered to be statistically 
significant (IBM SPSS Statistics for Windows, 
Version 21.0; Armonk, NY, IBM Corp.).

Results

Descriptive statistics

In this study, 154 cases (86 females, 68 males; 
mean age ± SD: 31.14 ± 14.61) who had undergone 
type I tympanoplasty were enrolled. The study 
population was then classified into three groups: 
fascia, perichondrium and cartilage. No significant 
difference was found between the three groups in 
terms of age (p=0.981) and sex (p=0.502). The 
preferred approaches were transcanal for 103 cases 
(66 perichondrium, 29 cartilage, eight fascia), 
retro-auricular for 47 cases (24 perichondrium, 12 
cartilage, 11 fascia) and end-aural (two cartilage, 
two perichondrium) for four cases.         

Pre-operative influential factors (site and size of 
perforation)

“Posterior” and “medium” perforations were 
significantly more common in the fascia group. 
The distribution of the remaining data concerning 
perforation was found to be homogenous (Tables 
1-2).

Type of 
perfortion

Fascia 
n (%)

Perichondrium
 n (%)

Cartilage 
n (%)

Total
n (%) P-value

Anterior 3(16) 21(23) 17(40) 41(27) 0.073

Posterior 13(68) 31(34) 10(23) 54(35)  0.003*

Inferior - 12(13) 2(4) 14(9) 0.379

Subtotal 3(16) 28(30) 14(33) 45(29) 0.099

Table 1
Pre-operative perforation site according to the type of graft

*p<0.05, statistically significant differences between the groups.

Figure 3
ACG distribution in terms of grafting material.
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of ABG values between groups was performed 
using the Kruskal-Wallis H test, and a statistically 
significant difference was found (p<0.001) (Table 
2). A pairwise comparison revealed a statistically 
significant difference between cartilage and 

one-way ANOVA, and a statistically significant 
difference was found between groups (p<0.001). 
Post hoc tests (Scheffe) revealed a statistically 
significant difference between cartilage and 
perichondrium (p<0.001) and between cartilage 
and fascia (p<0.001), whereas no statistically 
significant difference was found between fascia and 
perichondrium (p=0.72) in terms of ACG. 

Concerning the fascia, perichondrium and 
cartilage groups, there were 4 (21%), 34 (36%) and 
4 (%9) cases, respectively, with a post-operative 
ABG below 10 dB, and there were 17 (89%), 72 
(78%) and 27 (62%) cases, respectively, with an 
ABG below 20 dB (Figure 4).

The Shapiro-Wilk test and a visual inspection 
of histograms, normal Q-Q plots and box plots 
(Figure 4) showed that the pre-operative ABG 
values were not normally distributed for the fascia 
(p=0.01), perichondrium (p=0.04) and cartilage 
(p=0.02) groups. Post-operative ABG values were 
also found not to be normally distributed for the 
fascia (p<0.001), perichondrium (p<0.001) and 
cartilage (p=0.01) groups. Thus, a comparison 

Involved 
percentage 
of TM (%)

Fascia
n (%)

Perichondrium
n (%)

Cartilage
n (%)

Total
n (%) P-value

I. <25 - 7(8) 1(2) 8(5) 0.243

II. 25-50 14(73) 38(40) 15(35) 67(43)  0.015*

III. 50-75 1(5) 18(20) 13(30) 32(21) 0.076

IV.  >75 4(22) 29(32) 14(33) 47(31) 0.630

Table 2
Pre-operative involved percentage of TM, according to the type of graft

*p<0.05, statistically significant differences between the groups.

Variable Total
(n=154)

Fascia
(n=19)

Perichondrium
(n=92)

Cartilage
(n=43) P-value

ACG (dB) 11.73±6.62 14.75±7.62 12.91±5.66 7.87±6.56 <0.001*

ABG (dB) 
(pre-operative) 26.62±7.59 24.88±4.13 26.85±8.75 26.91±5.95 0.491

ABG (dB)
(post-operative) 14,90±7.84 10.13±7.30 13.94±7.37 19.04±7.32 <0.001*

Values are presented as mean±SD. *p<0.001, statistically significant differences between the groups.

Table 3
Audiometric results on a graft-type basis

Figure 4
Distribution of the post-operative ABG in terms

of grafting material.
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with anatomical failure consisted of four retractions 
(two perichondrium, two fascia) and 20 perforations 
(13 perichondrium, five cartilage and two fascia). 

Discussion

In type-I tympanoplasty, cartilage has come to 
the fore in the last two decades with acceptable 
anatomical and functional outcomes when 
compared with other grafting materials.11,14-16 In the 
present study, a statistically significant difference 
in terms of a functional success rate was found 
between cartilage and other grafting materials 
(TMF and perichondrium), whereas no significant 
difference was found in terms of anatomical 
success. The functional outcome between groups 
was evaluated in three layers by comparing the 
mean ACG (Table 3), and the percentage of cases 
with a post-operative ABG below 20 dB and below 
10 dB (Figure 4). We also compared cartilage 
grafting with both TMF and perichondrium, 
rather than only with TMF, unlike the majority 
of previous studies in which the comparison was 
made between two grafts (TMF, cartilage).  In one 
of these studies, Gamra et al. reported no significant 
difference between TMF and cartilage grafting 
in terms of anatomical (cartilage 97.7%, fascia 
96.9%) and functional success rates (cartilage 
89%, fascia 82.8%).11 Although they defined 
functional success as a post-operative ABG<20 
dB, the percentage of cases having an ABG<10 
dB was also reported. But, unlike the present 
study, it was not mentioned whether a significant 
difference existed between cases involving a post-
operative ABG<10 dB on a graft basis. On the 
contrary, the current study revealed a statistically 
significant difference between three different graft 
types with thresholds of ABG<10 dB and ABG<20 
dB (Figure 5). This difference, contradicting the 
general opinion, was found to favour TMF and 
perichondrium grafts. This may be related to the 
preparation of a cartilage-perichondrium composite 
graft and/or a non-random graft selection. A 
similar study with three different grafts (TMF, 
tragal perichondrium and cartilage-perichondrium 
composite graft) was conducted by Zhang et al.,17 
who reported better anatomical outcomes in favour 
of cartilage grafting, unlike Gamra et al. and the 
present study. This difference may also be related 
to graft selection bias. Gamra et al. did not mention 
any selection criteria for graft type, while Zhang et 

perichondrium (p=0.01) and between cartilage 
and fascia (p<0.001), whereas no statistically 
significant difference was found between fascia and 
perichondrium (p=0.08). 

The ABG was also analysed in terms of ABG<20 
and ABG<10, with a significant difference found 
according to these thresholds (Figure 5). A 
pairwise comparison based on ABG<20 revealed 
a statistically significant difference between 
cartilage and perichondrium (p=0.001) and 
between cartilage and fascia (p=0.009), whereas 
no statistically significant difference was found 
between fascia and perichondrium (p=0.170). A 
pairwise comparison based on ABG<10 revealed a 
statistically significant difference between cartilage 
and perichondrium (p=0.029) and between cartilage 
and fascia (p<0.001), whereas no statistically 
significant difference was found between fascia and 
perichondrium (p=0.092).

Anatomical outcome measures

The anatomical success rate was defined as the total 
closure of the perforation without any retraction or 
lateralization after at least 12 months of follow-
up. The mean post-operative follow-up period was 
23.05±21.72 (range six to 72 months). Anatomical 
success, according to the aforementioned 
criteria, was achieved in 15 cases from the fascia 
group (78.95%), 77 cases (83.70%) from the 
perichondrium group and 38 cases (88.37%) from 
the cartilage group. There was no statistically 
significant difference between the groups in terms 
of anatomical outcome (p=0.615). Overall cases 

Figure 5
Distribution of the post-operative ABG in terms of grafting 

material.
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pre-operative perforation size.17 In contrast, Salviz 
et al. found no relationship between the success rate 
and perforation size,20 whereas, in the present study, 
no effect of the perforation size and site on functional 
and anatomical outcomes was found. Nevertheless, 
in light of these studies, when evaluating the 
outcomes of different graft materials in type-I 
tympanoplasty, the possible confounding effect of 
the perforation size and site should be considered.  
Unfortunately, in the majority of relevant studies, 
the size and site of the TM perforation were either 
not taken into consideration24 or the distribution 
between groups was not evaluated, making the 
results contradictory. For instance, Gamra et 
al., while evaluating functional and anatomical 
outcomes, reviewed the perforation site but did not 
evaluate the homogeneity between groups. They 
also failed to take the size of the pre-operative 
perforation into account, resulting in group 
selection bias.11 Kalcioglu et al. only classified 
perforations as central and subtotal, but did not 
evaluate perforation size. Besides, graft selection 
was matched up with perforation type, i.e., (i) 
fascia-central perforation and (ii) cartilage-subtotal 
perforation, leading again to group selection bias.16 

Another problem was that their study included some 
cases with mastoidectomy (this is an exclusion 
criterion in similar studies), whose distribution 
between groups was not taken into consideration 
as well.  Singh et al. evaluated perforation size 
in terms of percentage by classification into three 
groups, but without analysing whether there is 
any statistically significant difference in terms of 
perforation size on a group basis, while studying the 
impact of graft type on myringoplasty outcomes.18 
Regarding perforation size, another problem is 
the heterogeneity between studies related to the 
method of measuring. Mainly, three different 
measuring methods are used: (i) diameter, (ii) area 
or (iii) percentage. Even then, every single method 
differs between studies. For example, concerning 
the percentages of involved TM, Singh et al.18  

classified them in three grades, i.e., “tiny” (<5%), 
“moderate” (>5% to <50%) and large (>50%), 
but without reporting the technique of measuring 
used. Abdelhameed et al.12 also classified them in 
three grades, but differently, i.e., 23 mm2 (> 50%), 
23-45 mm2 (25% to 50%), 45 mm2 (≤ 25%), with 
measuring carried out by using a silastic sheet that 
just fitted the perforation. In our study, we measured 
perforation size by evaluating the oto-endoscopic 

al. reported that the grafts were chosen randomly. 
In our study, we used some selection criteria as 
mentioned above. Unlike Zang et al. and Gamre 
et al., we also examined whether there was any 
difference in the distribution of the perforation 
size and site between groups. The distribution was 
found to be homogenous except for medium and 
posterior perforations (Tables 1-2). The unfavourable 
functional outcome may also be due to the condition 
of the contralateral ear. As we mentioned in our 
selection criteria, cartilage grafting was preferred 
in patients with a retracted TM in the contralateral 
ear. The anatomical success rates of Zhang et al. for 
fascia, perichondrium and cartilage were 78.57%, 
71.42 % and 98.86%, respectively. In the present 
study, they were 78.95%, 83.70% and 88.37% for 
TMF, perichondrium and cartilage, respectively. 
Again, in a retrospective study performed by Singh 
et al.,18 a better functional outcome was reported 
for TMF when compared with perichondrium, as 
in the current study. The anatomical success rates 
for our study were consistent with those of Zhang 
et al., except in the case of cartilage grafting. This 
may also be related to our selection criteria. We 
particularly used cartilage for bigger and anteriorly 
localized perforations. Kalcioglu et al. also reported 
no significant difference between TMF and 
cartilage grafting in terms of anatomical (cartilage 
94%, fascia 93%) and functional success.16 But, 
unlike the aforementioned studies, it was not 
reported whether or not they thinned the cartilage. 
Additionally, they analysed the functional outcome 
only by evaluating the post-operative ABG without 
calculating the ACG, which is the ultimate indicator 
of functional outcome. 

Almost all of the comparative studies on 
the impact of graft type on outcome have been 
retrospective, leading to group selection bias; 
namely, cartilage grafting is especially preferred for 
total/subtotal and anterior TM perforations, whereas 
fascia and perichondrium are preferred for posterior 
and small perforations. This results in heterogeneity 
between groups in terms of the perforation size 
and site. The effect of the pre-operative size and 
site of perforation on outcome in tympanoplasty 
has been contradictory.18-23 For instance, Yilmaz et 
al. and Singh et al. reported a decreased functional 
and anatomical success rate in cases with larger 
perforations.18,19 Zhang et al. reported a better 
anatomical outcome for small perforations, but did 
not evaluate the functional outcome according to 
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recordings with image tool software in terms of 
involved percentages. 

In this study, the pre-operative size and site of 
perforation were both documented on a group basis 
and evaluated for any significant variation, which 
may have affected the ultimate results. Concerning 
the site of perforation, we only found statistically 
significant difference in cases involving posterior 
perforation, which was more common in the fascia 
group (Table 1), whereas, in terms of the size of 
perforation, a significant difference was only found 
in cases with a perforation size of 25-50% of TM, 
which was also far more common in the fascia 
group (Table 3). Thus, the only variation was the 
preference of TMF in cases involving posterior and 
moderately sized perforation. Furthermore, this 
variation was insignificant for perichondrium and 
cartilage grafting. Although we chose the grafts 
according to predetermined criteria, the variability 
in anterior, inferior and subtotal perforations on a 
group basis was statistically insignificant. In brief, 
the majority of data concerning the pre-operative 
size and site of perforation were equally distributed 
between groups, discarding a confounding effect on 
functional outcome. 

Conclusion

There is a general opinion on the success of cartilage 
tympanoplasty concerning anatomical outcomes 
when compared with other grafting materials. In 
terms of functional outcomes, although the literature 
is mainly in agreement about acceptable hearing 
gains, there is an ongoing dispute on this matter. 
Moreover, the majority of studies are retrospectively 
designed, thereby leading to graft selection bias, 
while the impact of the size and site of perforation, 
which may have a confounding effect, is not taken 
into account. These two important factors make 
the general opinion contradictory. In this study, we 
partially eliminated the weakness of retrospective 
methodology by evaluating the distribution of the 
perforation site and size on a group basis.

Consequently, while the functional success rate 
was decreased, comparable anatomical success was 
found according to three different parameters (ACG, 
ABG<20 dB, ABG<10 dB) for cartilage grafting 
when compared with TMF and perichondrium. 
Thus, cartilage grafting may not be the best choice 
in type-I tympanoplasty cases in terms of functional 
outcome.
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