
cambridge.org/jlo

Main Article

Georgios Kontorinis takes responsibility for the
integrity of the content of the paper

Cite this article: Maiou C, McMinigal A,
Kontorinis G. The split two-layer
cartilage–perichondrium underlay technique
for tympanoplasty: surgical and functional
outcome in 108 adult patients. J Laryngol Otol
2025;1–5. https://doi.org/10.1017/
S0022215124000689

Received: 26 September 2023
Revised: 25 October 2023
Accepted: 2 November 2023

Keywords:
conductive hearing loss; myringoplasty;
tympanoplasty; tympanic membrane
perforation; ossicular prosthesis

Corresponding author:
Georgios Kontorinis;
Email: gkontorinis@gmail.com

© The Author(s), 2024. Published by
Cambridge University Press on behalf of
J.L.O. (1984) LIMITED

The split two-layer cartilage–perichondrium
underlay technique for tympanoplasty: surgical
and functional outcome in 108 adult patients

Charikleia Maiou1, Allanah McMinigal2 and Georgios Kontorinis1,2

1Department of Otolaryngology–Head & Neck Surgery, Queen Elizabeth University Hospital, Glasgow, UK and
2Medical School, University of Glasgow, UK

Abstract

Objective. The success of tympanoplasty is mainly defined by the post-operative integrity of
the tympanic membrane, as well as the absence of any need for further operating. Among the
factors affecting the outcome, the surgical grafting technique is still a matter of debate. Our
aim is to report the results of the split two-layer cartilage–perichondrium technique.
Methods. We carried out a retrospective study of 108 consecutive adult patients undergoing
myringoplasty, assessing both surgical and audiological outcomes of the split two-layer carti-
lage–perichondrium technique, including primary and revision cases.
Results. Complete perforation closure was observed in 97/108 (89.7 per cent) of the cases;
101/108 (93.5 per cent) had no need for further intervention. Failures were observed only
in cases with total perforations without any differences between primary and revision cases.
The average air–bone gap improved from 29.75 dB pre-operatively to 5.8 dB post-operatively.
Conclusion. The results indicate high success rates of the technique with failures occurring
only in total perforations.

Introduction

Tympanoplasty represents the most common otologic surgical procedure conducted in
adults since the first description by Wullstein in 1950s to this day.1 The main purpose
of tympanoplasty type I (myringoplasty) is to restore the integrity of a perforated tym-
panic membrane, aiming at the sealing of the middle ear from the external auditory
canal, maintaining the cleanliness of the area and protecting from infection. The improve-
ment in hearing is a desirable but mostly secondary goal, as outcomes cannot be easily
predicted. A tympanoplasty can be combined with concomitant ossiculoplasty (types
II–IV) in an attempt to replace the eroded or malfunctioning ossicular chain.1

Different techniques have been described during the history of otologic surgery and, in
the past few decades, new methods seem to mark the progress. Post-auricular or endaural
and the most recent endoscopic approach, in combination with the choice of overlay or
underlay techniques, are some of the surgical options.2

Reported success rates of myringoplasties vary in literature, from 75–98 per cent, with
an estimated average of 90 per cent. The success of a tympanoplasty is defined principally
by the outcome of an intact neo-tympanum. Several factors have been correlated to the
risk of failure, such as the technique, type of graft used, size and location of the perfor-
ation, function of the Eustachian tube, and other patient-related factors.3 However, the
main debate in literature concerns the type of graft used to reconstruct the perforated
tympanic membrane.

Graft material usually consists of autologous tissue, such as fascia, fat, vein and cartil-
age, whereas alternative choices include implantable biomaterial composed of collagen.
The temporal muscularis fascia remains the most commonly used type of graft, however
cartilage often is used because of the stability and durability it provides to the tympanic
membrane.4 Several studies support the advantages of cartilage use in reconstruction of
the tympanic membrane and its superiority to fascia.5 Cartilage can be harvested from
the tragus, the concha or even the septum, and several modifications in the technique
have been described (palisades, butterfly grafts, etc.). The use of composite materials,
such as the combination of cartilage with fascia or perichondrium, has also gained popu-
larity because combining the strength of cartilage with the elasticity of a fascia can con-
tribute to optimal results.6

The split two-layer tragal cartilage–perichondrium graft represents a composite type of
graft, consisting of two separate layers: cartilage with the overlaying perichondrium, har-
vested from the tragus. The aim of this study is to determine the surgical outcome of tym-
panoplasties conducted with the use of this grafting technique, as defined by the
post-operative tympanic membrane integrity, the need for further surgery and the
improvement in hearing thresholds.
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Materials and methods

Basic settings and patient selection

We carried out a retrospective observational study in a tertiary
academic centre. Medical records of patients who underwent
tympanoplasty, for chronic otitis media with tympanic mem-
brane perforation, between January 2016 and June 2022,
were reviewed.

The study was conducted in accordance with the
Declaration of Helsinki principles for medical research involv-
ing human subjects. The Strengthening the Reporting of
Observational Studies in Epidemiology (‘STROBE’) checklist
for cross-sectional studies were followed.

Only adult patients who underwent a tympanoplasty with
the use of split two-layer cartilage–perichondrium graft were
included in the study. No limitations regarding the history
of previous surgery, the presence of cholesteatoma or the ossi-
cular chain integrity were applied. Both primary and revision
tympanoplasty cases were included.

Demographic data, the presence of ossicular chain discon-
tinuity, size and location of the perforation and audiology data,
pre- and post-operatively were recorded.

Surgical Technique

All tympanoplasties were performed or directly supervised by
the same surgeon. The surgical technique involved a unilateral
tympanoplasty under general anaesthesia, of types I–IV,
including cases with concomitant ossiculoplasty and the use
of prosthesis, when necessary. Grafts were harvested from
the ipsilateral tragus, consisting of tragal cartilage with peri-
chondrium. The tragal cartilage and adjoining perichondrium
were removed, separated, and the perichondrium flattened to
maximise surface area for the best possible coverage of the per-
foration (Figure 1). The cartilage was remodelled, in thickness
and size, according to the needs of each perforation, and the
graft was placed with the underlay technique, in two layers
(Figure 2). The cartilage was placed medially in underlay tech-
nique and the perichondrium was positioned more laterally,
on top of the cartilage but under and in direct contact with
the residual tympanic membrane (between the residual tym-
panic membrane and the cartilage). This technique was used
in all cases to allow best possible structural support in the
repair; the rims of the perforation were trimmed at an earlier

stage to promote healing. All patients were treated with the
same absorbable packing.

Post-operative assessment and documented
factors-analysis

Follow-up visits took place in the third and sixth week and six
months after surgery. The principal outcome was measured by
the anatomical integrity of the neotympanum, as observed
with a microscope, six months postoperatively. Assessment
of the hearing outcome was based on the measurement of
the average air–bone gap (ABG) in pure tone audiogram
thresholds (frequencies 0.5, 1, 2, 4 kHz) pre-operatively and
six months postoperatively. We used ABG closures and hear-
ing gain (hearing improvement following intervention) as
hearing outcome markers.

We considered the outcome to be successful if there was
complete healing of the graft at six months post-operatively
without any defect, while failure was defined as post-operative
residual defect and/or need for revision myringoplasty. We
also recorded separately cases with near closure with a min-
imum residual defect, which did not affect either the hearing
or contributed to infections. Nonetheless, these near-closure
cases were recorded under failures, although they did not
require further surgical or medical attention.

We also looked separately into the patients with total and/
or sub-total or very anterior large perforations, given the
known technical challenge of these cases. Absorbable and/or
dissolvable packing in the middle-ear cavity to support the
grafts was not used. Data were extracted and reviewed in a
database. Statistical analysis was performed using a Microsoft
Excel spreadsheet (t-test and Pearson’s chi-square tests were
used for statistical analysis). The level of significance was set
at 0.05.

Results

A total of 108 consecutive patients underwent tympanoplasty
with split two-layer tragal cartilage-perichondrium graft in this
period via an endaural approach; there was a significant drop
in the number of cases for a period of approximately 15
months due to the coronavirus disease 2019 (Covid-19) pan-
demic; 64 females (59.2 per cent) and 44 males (40.7 per
cent) were included (female-to-male ratio = 1.45:1). The

Figure 1. (a) Tragal cartilage with perichondrium being peeled off. (b) The prepared perichondrium, which will be used as a separate layer.
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average age was 46.3 years (range 17–84 years); surgical proce-
dures were conducted on 55 left ears and 53 right ears.
Primary procedures were conducted in 79 (73.1 per cent)
cases. Revision procedures were conducted in 29 (26.9 per
cent) cases. A type I tympanoplasty was conducted in most
patients (N = 79, 73.1 per cent), whereas in 29 cases (26.9
per cent) the procedure was combined with an ossiculoplasty,
with the use of a prosthesis, either total or partial ossicular
replacement prosthesis (TORP or PORP). The type of implant
and related factors were outside the scope of this work. The
presence of a sub-total or anterior perforation, considered as
high risk, was observed in 44 cases, whereas in a group of
64 patients, a smaller and/or central or posterior pre-operative
defect of the tympanic was recorded.

Overall, a successful outcome, as defined by graft integra-
tion, six months post-operatively, was measured in 97 (89.8
per cent) cases. In seven cases (6.4 per cent) the graft was
rejected, and a perforation was present six months after sur-
gery. In four cases (3.7 per cent) a marginal residual defect
that did not require any further treatment was observed.

The success rates of the two groups (primary and revision
tympanoplasty) are 91.13 per cent and 86.2 per cent, respect-
ively. No statistically significant difference in success was
observed ( p = 0.621) (Table 1) between primary and revision
tympanoplasties. Likewise, no correlation was present between
the graft integration rate and the use of prosthesis ( p = 0.686)
(Table 2). All failed cases involved sub-total perforations with

anterior extension, an association that seems to be statistically
significant ( p = 0.0004) (Table 3). No noticeable complica-
tions were recorded in any of the cases.

Regarding the hearing outcome, only patients with access-
ible audiometry records before surgery and six months post-
operatively were recruited. Suitable records were available in
71/108 patients. Pre-operatively, all patients had conductive
hearing loss of different severity.

The average pre-operative ABG in the involved ear was
29.75 dB, with a minimum of 10 dB and a maximum of
60 dB. The average post-operative improvement of conductive
hearing loss was 23.95 dB, with a post-operative average ABG
of 5.8 dB (Tables 4 and 5). Overall, 94.3 per cent of the cases
with audiological assessment were marked by a successful sur-
gical outcome.

Figure 2. Left tympanic membrane perforation (a) with trimmed edges (b) reconstructed with a layer of cartilage (c, arrow) and an additional split layer of peri-
chondrium (d, arrow); both (c) and (d) are shown with the tympanomeatal flap placed back.

Table 1. Graft integration rates between primary and revision tympanoplasty
groups

Primary
tympanoplasty
(N = 79)

Revision
tympanoplasty
(N = 29)

Intact 72 (91.1%) 25 (86.2%)*

Perforation 4 (5%) 3 (10.3%)

Small residual perforation 3 (3.8%) 1 (3.4%)

Pearson’s chi-square test *p = 0.621
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Among the cases with a post-operative perforation, audi-
ometry records were found in one patient with a large residual
defect, and in three patients with small residual defects, two of
whom appeared to have significant improvement in hearing,
most possibly related to the concurrent use of a prosthesis.
Twenty-nine of the included 71 cases (40.8 per cent) involved
a simultaneous ossiculoplasty with prosthesis placement. A
statistically significant difference was noted between the aver-
age hearing gain in two groups ( p < 0.0001) (Table 5).

Discussion

Herein we assessed the surgical outcomes of tympanoplasty
with the use of spilt two-layered, underlay cartilage–perichon-
drium technique. The overall success rate in our series (89.8
per cent) is considered amongst the higher ones reported in
the literature in comparison to rates recorded for fascia grafts
and compared with success rates reported in similar cartilage
studies.4,7–9 Given the 100 per cent success rates in non-total
and/or large anterior perforations, it is sensible to recommend
this technique for such perforations. With respect to total and/
or anterior perforations, the reported success rates are lower,
but still in agreement with those reported in the literature
for such perforations.10 Consequently, one could argue add-
itional support of the grafts or even more robust reconstruc-
tion for such cases.

Although still controversial, the superiority of cartilage
tympanoplasty has been widely supported in recent literature.
In a metanalysis of 3606 patients, Jalali et al. observed success
rates of 92 per cent for cartilage, compared to 82 per cent suc-
cess in the fascia group.4 Yung et al. reported a success rate of
84.2 per cent and 80 per cent in primary myringoplasties using
single-layer cartilage and fascia, respectively.7 However, based
on the literature, the differences among different techniques of
cartilage and composite grafts have not been thoroughly
assessed. In a retrospective study of 120 patients,
Demirpehlivan et al. highlighted the advantage of island carti-
lage–perichondrium graft in comparison with the temporalis
fascia and the palisade cartilage grafts, with a difference of
97.7 per cent to 79 per cent and 80 per cent, respectively.8

The double-layer graft technique, among others, was

mentioned by Bedri et al. in a series of 622 patients, that con-
cluded that there was a significantly higher success rate (90.1
per cent) in type I tympanoplasties compared with the single-
layer fascia or cartilage technique (76 per cent and78 per cent,
respectively).9 A comparative study of 48 patients by Ismi et al.
reported success rates with a difference of 96.1 per cent versus
68.2 per cent between the groups of single- and double-layered
cartilage–perichondrium grafts.11 However, most of these
studies did not thoroughly analyse the locations of the perfora-
tions or even included cases of nearly total closure, which are
of clinical relevance.

The inclusion of revision surgery and cases with concomi-
tant ossiculoplasty can be controversial, because in similar
studies, the sample typically includes type I tympanoplasties.
The reason we did not exclude revision cases was to focus
on the effects of the graft material, independent of other fac-
tors. Overall, revision cases are associated with poorer
results.12 However, the difference in our series was not statis-
tically significant between the groups of revision and primary
surgery. Likewise, the use of a prosthesis did not seem to affect
the anatomical surgical outcome of the procedure.

There is debate in the literature about the effects of size and
site of the perforation in the surgical outcome of a tympano-
plasty, however central perforations appear to have better sur-
gical outcomes.5 Large, sub-total perforations can be
challenging for surgeons, as the poor remnants of the tym-
panic membrane result in lack of stability and poor vascular
supply to the graft. Literature supports the use of cartilage as
a graft material of choice in large perforations.13 Anterior per-
forations are also considered to be associated with higher rates
of failure because of the combination of a reduced anterior
border vascularisation along with poor visualisation during
surgery. Both factors can result in post-operative graft necrosis
and rejection.14 In our study, this hypothesis was confirmed, as
the total of cases with graft failure had a perforation of this cat-
egory, whereas posterior, central and/or smaller defects had a
graft success rate of 100 per cent. Additional support of the
grafts anteriorly with the use of dissolvable material or with lit-
tle pieces of cartilage could be considered, depending on the
technique used.

Table 2. Correlation between graft integration and the use of prosthesis

Use of prosthesis (N = 29)
(TORP n = 6, PORP n = 23)

No use of
prosthesis
(N = 79)

Intact 27 (93.1%) 70 (88.6%)*

Perforation 1 (3.4%) 6 (7.5%)

Small res. perforation 1 (3.4%) 3 (3.8%)

TORP = total ossicular replacement prosthesis; PORP = partial ossicular replacement
prosthesis; Pearson’s chi-square test: *p = 0.686

Table 3. Graft integration and presence of a sub-total and/or anterior
perforation

Subtotal/anterior
(N = 44)

Other
(N = 64)

Intact 33 (75%) 64 (100%)*

Perforation 7 (15.9%) 0 (0%)

Small residual perforation 4 (9%) 0 (0%)

Pearson’s chi-square test: *p = 0.0004

Table 4. Hearing data, pre-operatively and six months after tympanoplasty (N = 71);
ABG = air–bone gap; SD = standard deviation

Pre-operative
ABG (dB)

Post-operative
ABG (dB)

Post-operative
hearing gain
(dB)

mean 29.75 5.8 23.94

range 10–60 0–25 0–55

SD 12.03 6.49 12.23

95% confidence
interval

26.87–32.61 4.26–7.34 21.03–26.85

Table 5. Comparison of hearing data in relation to the use of prosthesis; ABG =
air–bone gap

Pre-operative
ABG (dB)

Post-operative
ABG (dB)

Post-operative
hearing gain
(dB)

Overall (N = 71) 29.74 5.8 23.94*

No prosthesis (n = 42) 21.9 4.33 17.57

Prosthesis (n = 29) 41.2 7.9 33.3

*Two paired t-test, t = 6.39, df = 49 p < 0.0001
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Overall, we found the technique beneficial as the two-layer
design with the cartilage lying under the perichondrium
offered additional support to the reconstruction. The surgeon
has found this useful in cases with suboptimal middle-ear ven-
tilation. While such factors were not formally assessed in our
study, the authors have found the presented technique useful
in challenging middle-ear situations.

• The split two-layer cartilage–perichondrium technique represents an
alternative method of utilizing cartilage and perichondrium for
tympanoplasties for perforations of any size

• In a series of more than 100 patients, the technique had 90 per cent
success rates for total closure and approximately 94 per cent for no need
of further intervention, while it also combined favourable audiological
outcomes

• The success rates are similar for both primary and revision cases
• All failures were seen in sub-total tympanic membrane perforations with
anterior extension, which appears to be a relative limitation of the
technique, considering that such perforations are linked to lower success
rates, regardless of the technique

• Where indicated, an ossicular prosthesis can be used simultaneously for
optimizing audiological outcomes

Overall, the improvement in conductive hearing loss, as
reflected by the ABG closure rates, is considered to be signifi-
cant. However, we noticed that the biggest improvement was
achieved in patients who had a prosthesis, a result mostly
expected. It is well known that disruptions in the ossicular
chain can affect hearing to a larger degree than defects of
the tympanic membrane.13,15 Therefore, the optimal ABG
closure is expected to be achieved in cases with a prosthesis
placement, along with the restoration of the integrity of the
tympanic membrane. Nonetheless, the hearing gain in type I
tympanoplasty was also significant, with an average gap clos-
ure of 17.57 dB. In 20 cases (47.6 per cent) a full gap closure
was achieved, with the postoperative gap minimised to zero.

The main limitation of our study is that it is not a case-
control study, so no comparison to other techniques was con-
ducted. Moreover, various potential risk factors affecting the
outcome were not possible to be analysed further. However,
these limitations, which are linked to the retrospective nature
of our study and to the number of factors that could affect
the outcome of a tympanoplasty, are difficult to quantify.
We did include a large number of consecutive cases, per-
formed and assessed in a standardised manner, in an attempt
to minimise such limitations.

Conclusions

The use of the spilt two-layer cartilage–perichondrium under-
lay technique in tympanoplasty appears to be reliable and
effective, with high success rates in both surgical and hearing
outcomes for primary and revision cases. Total perforations
remain a challenge. The efficacy of the method can prove a
useful tool, particularly when a robust reconstruction is
required.

Funding and financial disclosures. This research received no specific grant
from any funding agency, commercial or not-for-profit sectors. No financial
disclosures are declared.

Competing interests. None declared.

Ethical standards. The study was approved by the Research Ethical
Committee as a retrospective study.

Author contributions. CM: data collection, manuscript preparation revision
and editing; AM: data collection, statistical analysis, manuscript preparation;
GK: conceptualisation, data analysis, manuscript revision and editing, supervi-
sion; all authors approved the final version.

References

1 Telian SA, Schmalbach CE. Chronic otitis media. In: Snow JB, Ballenger JJ,
eds. Ballenger’s Otorhinolaryngology: Head and Neck Surgery, 16th edn.
Hamilton, Ontario: BC Decker; 2003:261–93

2 Adunka OF, Buchman CA. Surgery for chronic otitis media. In: Adunka
OF, Buchman CA. Otology, Neurotology, and Lateral Skull Base Surgery:
An Illustrated Handbook. New York, Thieme, 2011

3 Salviz M, Bayram O, Bayram AA, Balikci HH, Chatzi T, Paltura C et al.
Prognostic factors in type I tympanoplasty. Auris Nasus Larynx
2015;42:20–3

4 Jalali MM, Motasaddi M, Kouhi A, Dabiri S, Soleimani R. Comparison of
cartilage with temporalis fascia tympanoplasty: a meta-analysis of com-
parative studies. Laryngoscope 2017;127:2139–48

5 Bayram A, Bayar Muluk N, Cingi C, Bafaqeeh SA. Success rates for
various graft materials in tympanoplasty – a review. J Otol 2020;
15:107–11

6 Tos M. Cartilage tympanoplasty methods: proposal of a classification.
Otolaryngol Head Neck Surg 2008;139:747–58

7 Yung M, Vivekanandan S, Smith P. Randomized study comparing fascia
and cartilage grafts in myringoplasty. Ann Otol Rhinol Laryngol
2011;120:535–41

8 Demirpehlivan IA, Onal K, Arslanoglu S, Songu M, Ciger E, Can N.
Comparison of different tympanic membrane reconstruction techni-
ques in type I tympanoplasty. Eur Arch Otorhinolaryngol 2011;
268:471–4

9 Bedri EH, Korra B, Redleaf M, Worku A. Double-layer tympanic mem-
brane graft in type I tympanoplasty. Ann Otol Rhinol Laryngol
2019;128:795–801

10 Jung TTK, Park SK. Mediolateral graft tympanoplasty for anterior or sub-
total tympanic membrane perforation. Otolaryngol Head Neck Surg
2005;132:532–6

11 Ismi O, Gorur K, Gur H, Ozcan C, Vayisoglu Y. Double-layered (cartilage
island + extra perichondrium) graft for type 1 tympanoplasty. Otolaryngol
Head Neck Surg 2020;163:806–13

12 Andersen SAW, Aabenhus K, Glad H, Sørensen MS. Graft take-rates after
tympanoplasty: results from a prospective ear surgery database. Otol
Neurotol 2014;35:e292–7

13 Lou Z, Lou Z, Wang J, Zhang B, Hu Y, Chen Z. Comparison of
cartilage reinforcement and push-through techniques for the
treatment of large perforations. Ear Nose Throat J 2023:
1455613231182661

14 Castelhano L, Correia F, Colaço T, Reis L, Escada P. Tympanic membrane
perforations: the importance of etiology, size and location. Eur Arch
Otorhinolaryngol 2022;279:4325–33

15 Vaidya S, Sharma JK, Singh G. Study of outcome of tympanoplasties in
relation to size and site of tympanic membrane perforation. Indian J
Otolaryngol Head Neck Surg 2014;66:341–6

The Journal of Laryngology & Otology 5

https://doi.org/10.1017/S0022215124000689
Downloaded from https://www.cambridge.org/core. IP address: 3.144.2.201, on 09 Mar 2025 at 14:08:03, subject to the Cambridge Core terms of use, available at https://www.cambridge.org/core/terms.

https://doi.org/10.1017/S0022215124000689
https://www.cambridge.org/core
https://www.cambridge.org/core/terms

	The split two-layer cartilage--perichondrium underlay technique for tympanoplasty: surgical and functional outcome in 108 adult patients
	Introduction
	Materials and methods
	Basic settings and patient selection
	Surgical Technique
	Post-operative assessment and documented factors-analysis

	Results
	Discussion
	Conclusions
	References


