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A B S T R A C T

The aim of this retrospective study is to review long term results of full-thickness cartilage palisade tympanoplasty

(FTCPT) with malleus head interposition performed on 51 patients (56 ears); 36 women and 15 men (7–73 years, 44

years average). The pathology of ears which encourages this technique of tympanoplasty is presented. On average 12

years after surgery we have elaborated anatomic and functional results. Anatomic results were categorized based on em-

piric evaluation of the new tympanic membrane status: 40 (71%) tympanic membranes without anatomic irregularities,

14(25%) with irregularities and 2(4%) with secondary perforation. Functional results (tonal audiogram) are based on

pure tone average air-bone gap (PTA-ABG) at 4 frequencies. Main functional results of 51 ears (51 audiograms per-

formed): pre- and post-operative average PTA-ABGs were 27.07±9.98 and 10.77±7.85 dB (t=10.36; p<0.001). In the

group of ears with a tympanic membrane with no anatomic irregularities, pre- and post-operative average PTA-ABGs

were 27.30±10.56 and 10.82±8.33 dB (t=8.09; p<0.001). In the group of ears with cartilage resorption, pre- and post-

-operative PTA-ABGs were 24.92±8.19 and 9.33±6.58 dB (t=6.21; p<0.001). The differences between the two groups are

irrelevant. Postoperative PTA-ABG values of ears after first surgery (N=34) and revision surgery (N=17) was signifi-

cantly different (8.75±5.75 and 15.16±9.62 dB) (t=2.60; p=0.016). In spite of the thickness of the new tympanal mem-

brane, FTCPT is a successful technique for solving advanced ear pathology.
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Introduction

Temporal muscle fascia and tragal perichondrium are
good autografts for closure of an eardrum defect on an
ear with a good tubal function.

In ears with poor tubal function, after a long-term pe-
riod, atrophy and transplant degeneration often occurs.
It could lead to illness relapse. Therefore cartilage is used
in tympanoplasty, either for stabilization or reconstruc-
tion of the whole eardrum1–3.

A number of different methods of cartilage tympa-
noplasty have been published during the last fifteen
years4–6.

The aim of this retrospective study is to analyze our
long-term anatomic and functional results of full-thick-
ness cartilage palisade tympanoplasty (FTCPT) tech-
nique with malleus head interposition7–10.

Patients and Methods

In the five-year period (1997–2002), 74 patients had
undergone FTCPT. On average 12 years later (mid 2011),
51 patients (56 operated ears) came forward. At the time
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of the operation patients were 44 years old on average
(7–73)- 36 women and 15 men.

First surgery was performed on 37 ears (32 patients),
and revision surgery was performed on 19 ears (19 pa-
tients).

The technique was performed only on ears with an
advanced ear pathology. Two to four dominant clinical
pathological conditions were present: subtotal or total
eardrum defect, adhesive otitis with malleus rotation
where umbo touches or even adheres to the promontory,
malleus head fixation, resorption of the malleus manu-
brium or cholesteatoma.

All the ears had preserved stapes superstructure.
Malleus was removed from all ears due to the clinical sit-
uation and the technique performed.

Retroauricular approach was used in all operations.
For eardrum reconstructions conhal cartilages at least
1mm thick were used. We cut them in 2–3 millimeters
wide palisades with perichondrium on both sides. In that
way bending of the palisades was avoided. Cartilage pali-
sades (5–7) were put in order from anterior to posterior
in vertical direction. The anterior ones (1–3) were placed
under the bony annulus, and the posterior ones above it.
Small pieces of cartilage were put under the anterior 1–2
palisades to support them if it was necessary (archi-
traves).

Those architraves were used in 13 ears. In six ears
they were put to support inferior ends of the palisades, in
two ears superior ends and in five ears both ends.

As an alternative to the interposition, an autograft of
the malleus head was used. It was shaped as an hourglass
with a diamond drill, with all the soft tissue removed
from it. In that way it could be properly adjusted on the
stapes11.

A senior surgeon performed all the operations.

On average 11 years after the operation patients were
called for the examination.

Otomicroscope was used to evaluate anatomic results
and tonal audiogram was used to evaluate functional re-
sults.

We set criteria to evaluate anatomic results based on
the appearance of the »eardrum« of operated ears:

A. »normal« eardrum (palisades in place without resorp-
tion)

B. cartilage resorption:
a. slight resorption: spindle-shaped resorption bet-

ween the palisades, palisade ends resorption les-
ser than one palisade surface;

b. extensive resorption: resorption greater than one
palisade surface

C. perforation of the eardrum.

Pure tone average air-bone gap (PTA-ABG) was used
at 0.5, 1, 2 and 3 kHz for the functional results analysis.

Anatomic and functional results were separately ana-
lyzed for the operated ears. The results were analyzed
between groups of ears that were operated for the first

time and ears that were reoperated after previous unsuc-
cessful surgery where a different method had been used.

We compared functional results of the group of ears
with a »normal« eardrum and the group of ears with car-
tilage resorption and eardrum perforation.

All the patients signed informed consent to the work.
The study was approved by the Ethical committee of the
Rijeka University Hospital Center.

Results

Anatomic results

All operated ears

Out of 56 operated ears, »normal« eardrum was found
in 40 ears (71%) – cartilage formed the whole eardrum.
Cartilage resorption was found in 14 ears (25%). 11 ears
had slight, mostly spindle-shaped resorption between the
palisades, 2 ears had larger resorption and 1 had exten-
sive resorption with protrusion of the malleus graft.
There were two ears with small and dry eardrum perfo-
ration (4%).

Comparison of anatomic results after first and revision
surgery

In the group of ears after first surgery (N=37) we had
25 (68%) »normal« eardrums, 11 (30%) eardrums with
resorption and 1 (1%) perforation.

In the group of ears after revision surgery (N=19) we
had 15 (79%) »normal« eardrums, 3 (16%) eardrums
with resorption and 1 (5%) perforation.

Further statistical analysis (hypothesis test for pro-
portion) showed that in all ears (z=3.550; p<0.001), in-
cluding those that went through the first surgery as well
those that underwent revision surgery (z=2.283; p=
0.011 and z=4.512; p<0.001), the number of »normal«
eardrums was significantly bigger.

Functional results

Only 51 ears were included in the audiometric assess-
ment (preoperatively 4 ears had no response at 3 kHz
and the evaluation of an ear with eardrum perforation
was not made due to objective reasons).

All ears (n=51) had pre- and post-operative average
PTA-ABG 27.07±9.98 and 10.77±7.85 dB (t=10.36; p<
0.001). The group after first surgery (N=34) had pre- and
post-operative average PTA-ABG 26.19±9.77 and 8.75±
5.75 dB (t=9.20; p<0.001), and the group after revision
surgery (N=17) had average PTA-ABG 28.71±10.35 and
1.16±9.62 dB (t=5.08; p<0.001) (paired-samples t-test).

For all ears, as well as for both groups, a significant
difference between pre- and post-operative average PTA-
-ABG was established.

Comparison of functional results after first and
revision surgery

In further statistical analysis (independent-samples
t-test) pre- and post-operative values of average PTA-ABG
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of the group after first surgery were compared with those
of the group after revision surgery.

Pre-operative values did not differ notably (t=0.85;
p=0.398). Nevertheless, post-operative values of average
PTA-ABG of the first surgery group was significantly
lower than in the revision surgery group (8.57±5.75 and
15.16±9.62 dB) (t=2.60; p=0.016) (Figure 1).

Hearing gain is shown in Table 1. All ears (N=51), as
well as groups after first surgery (n=34) and after revi-
sion surgery (N=17) had a considerable hearing im-
provement. All three groups pre-operatively had a signif-
icant majority of ears in the categories 11–20, 21–30,
31–40 and above 40 dB, and post-operatively a majority
in the category 0–10 dB (Chi-square test).

Analysis of ABG at different frequencies

Further study included the analysis of ABGs at differ-
ent frequencies (500, 1000, 200 and 3000 Hz). A signifi-
cant difference (paired-samples t-test) between pre- and
post-operative values was recorded at all frequencies (Ta-
ble 2, Figure 2).

Additional statistical processing of the obtained values
(repeated measures ANOVA by the Bonferroni post-hoc
test) showed that ABG at different frequencies signifi-
cantly differs, both pre-operatively and post-operatively
(F=20.58; p<0.001 and F=9.07; p<0.001). The same
method showed that the average pre-operative values of
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Fig. 1. Comparison of pre- and post-operative Pure Tone Average

Air-Bone Gap (PTA-ABG) of the group of ears after first surgery

(N=34) and the group after revision surgery (N=17). X – average

ABG in dB.

TABLE 1

POSTOPERATIVE HEARING GAIN IN GROUPS: ALL EARS

(N=51); FIRST SURGERY (N=34); REVISION SURGERY (N=17)

Air-bone gap (dB)
Number (%) of ears

Pre-operatively Post-operatively

All ears

0–10 2 (4) 35 (69)

11–20 13 (25) 8 (16)

21–30 18 (35) 7 (14)

31–40 13 (25) 1 (2)

³40 5 (10) 0 (0)

c2=50.57 D.F.=4 p<0.001

First surgery

0–10 2 (6) 26 (76)

11–20 9 (26) 7 (21)

21–30 12 (35) 1 (3)

31–40 7 (21) 0 (0)

³40 v4 (12) 0 (0)

c2=41.13 D.F.=4 p<0.001

Revision surgery

0–10 0 (0) 8 (47)

11–20 3 (18) 3 (18)

21–30 7 (41) 5 (29)

31–40 5 (29) 1 (6)

³40 2 (12) 0 (0)

c2=13.00 D.F.=4 p=0.011

D.F. – Degree of Freedom, p – probability
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Fig. 2. Comparison of pre- and post-operative Air-Bone Gap (ABG)

at different frequencies. X – average ABG in dB.

TABLE 2

PREOPERATIVE AND POST-OPERATIVE PURE TONE
AVERAGE AIR-BONE GAP (PTA-ABG) OF ALL EARS (N=51)

AT FREQUENCIES OF 500, 1000, 2000, 3000 Hz. (PAIRED

SAMPLES T-TEST)

X SD t; p

500 Hz
Pre-operatively 33.01 12.97 t=7.29

Post-operatively 13.06 13.34 p<0.001

1000 Hz
Pre-operatively 33.22 14.62 t=8.41

Post-operatively 11.73 10.74 p<0.001

2000 Hz
Pre-operatively 21.14 10.86 t=8.84

Post-operatively 6.59 7.35 p<0.001

3000 Hz
Pre-operatively 22.76 10.35 t=6.96

Post-operatively 11.65 8.17 p<0.001

X – arithmetic mean; SD – Standard Deviation; t –t-test value;
p – probability



ABG at 500 and at 1000 Hz are considerably higher than
at 2000 and 3000 Hz, and post-operatively at 500, 1000
and 3000 Hz considerably higher than at 2000 Hz.

Comparison of functional results between groups with
»normal« ears and ears with eardrum resorption

An audiogram was done on 36 ears in the group with
»normal« eardrum, and on 14 ears in the group with re-
sorption (4 ears had no hearing at 3 kHz and 2 ears with
perforation were excluded from the audiological exami-
nation). There is a statistically significant difference be-
tween pre- and post-operative values of the average PTA-
-ABG in both groups, group with »normal« eardrum
(27.30±10.56 – 10.82±8.33) (t=8.09; p<0.001) and group
with resorption (24.92±8.19 – 9.33±6.58) (t=6.21; p<
0.001) (paired-samples t-test). Pre-operative values of
the average PTA-ABG of the group with anatomically
regular tympanic membranes and the group with carti-
lage resorption do not differ greatly (27.30±10.56 – 24.94±
8.19 dB) (t=0.73; p=0.471). In the post-operative values
of the average PTA-ABG, contrary to the expected, there
is also statistically no important difference (10.82±8.33 –
9.33±6.58 dB) (t=0.58; p=0.563) (independent-samples
t-test) (Figure 3).

Subjectively, patients from neither group have diffi-
culties. A smaller cartilage resorption should therefore
not be considered as a compromising factor in evaluating
anatomic results.

Discussion

When dealing with advanced ear pathology it is known
that cartilage is a stable material in tympanoplasty. It is
useful for the reconstruction of the eardrum as well as
other structures of the tympanic cavity.

It is more resistant to absorption than all the other
grafts. It connects well to the adjacent tissue since it is
from mesenchymal origin12,13. It successfully resists neg-
ative pressure due to its toughness. It is most important
in ears with tubal dysfunction14. Sound vibrations are
transmitted well through it because of its elasticity.

In tympanoplasty cartilage behaves differently than
perichondrium or fascia. A surgeon can model it in vari-
ous ways so it can take different forms, sizes and thick-
nesses. The perichondrium can be left on one, on both
sides or it can be peeled off. The middle ear can be suc-
cessfully reconstructed with these fragments.

The characteristics of the cartilage give otosurgeons
the possibility to create new methods of cartilage tympa-
noplasty15.

Neumann et al. and Yung give a review of a number of
different techniques of cartilage tympanoplasty in their
works4,5.

Different methods of cartilage tympanoplasty have
emerged. Therefore, in 2008 Tos presented their propos-
als for classification. In his work he stresses that for eval-
uation of any of these methods serious clinical research
and comparisons of long-term results between them is
necessary6.

According to these works, one could expect that dif-
ferent novel methods could yield better results than
»classic« FTCPT.

The thickness of the cartilage is the main issue with
full thickness palisade tympanic membrane reconstruc-
tion. It is presumed that it compromises the transmis-
sion of sound vibrations.

Zahnert et al. and Mürbe et al. presented their work
regarding the issue. They conclude that the thickness of
cartilage for the reconstruction of the eardrum should be
maximum 0.5 mm16,17.

In spite of this thesis, in 2003 Dornhoffer points out
that in his clinical research of a vast number of cartilage
tympanoplasties, functional results of tympanoplasties
performed with full thickness cartilages were very good.
He notes that reconstruction with a full-thickness carti-
lage is safer18.

Finally, Aarnisalo et al. using laser and stroboscopic
holography demonstrated that the thickness of the carti-
lage and its connection to the bony annulus do not affect
sound transmission19,20.

We believe that only vast clinical researches of long-
-term anatomic and audiological results of specific oper-
ating techniques could give us an acceptable answer. A
real evaluation of the efficiency of a certain technique
should finally be made according to the effect of both
hearing and anatomic results affecting the quality of life
of the patient.

Conclusion

Based on our own clinical experience, we can say that
tympanic membrane reconstruction with full-thickness
palisades lined with perichondrium on both sides can be
done with precision and exactitude. They adhere together
along their full length, which we consider significant for
a successful operation on difficult ears. Compact pali-
sades are favorable for the stability of any alternative
columella reconstruction, and therefore also for the in-
terpolated homograft of a malleus head.
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Fig. 3. Comparison of pre- and post-operative values of the Pure

Tone Average Air-Bone Gap (PTA-ABG) in the group of ears with

tympanic membranes with no irregularities and with tympanic

membranes with resorption of cartilage (M – PTA-ABG in dB).



This retrospective clinical study, motivated by new in-
sights into the mechanics of the middle ear cartilage, is

intended to evaluate FTCPT as a successful surgical
technique18,19.
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PALISADNA TIMPANOPLASTIKA PUNOM DEBLJINOM HRSKAVICE I INTERPOZICIJOM

GLAVICE ^EKI]A: STUDIJA DUGORO^NIH REZULTATA

S A @ E T A K

Namjera ove retrospektivne studije je analiza dugoro~nih rezultata timpanoplastike s rekonstrukcijom bubnji}a pu-
nom debljinom hrskavice u{ke i interpozicijom glavice ~eki}a u~injene kod 51 bolesnika (56 uha); 36 `ena i 15 mu{-
karaca u dobi od 7 do 33 godine (prosjek 44 godine). Prikazuje se uznapredovala patologija uha na osnovu koje je in-
dicirana ova tehnika timpanoplastike. Prosje~no 12 godina nakon operacije elaboriraju se anatomski i funkcionalni
rezultati. Anatomski rezultati se kategoriziraju na osnovi empirijske evaluacije stanja novostvorenog bubnji}a: 40 (71%)
bubnji}a bez anatomskih iregularnosti, 14 (25%) s iregularnostima i 2 (4%) s sekundarnom perforacijom. Funkcionalni
rezultati se temelje na ispitivanju konduktivne komponente u tonalnom audiogramu (pure tone average air bone gap;
PTA-ABG) kod 4 frekvencije. Funkcionalni rezultati kod 51 ispitanog uha (51 u~injen audiogram) su slijede}i: prosje~ni
pre i postoperativni PTA-ABG iznosi 27,07±9,98 i 10,77±7,85 decibela (dB) (t=10,36; p<0,001). U skupini uha bez
anatomskih iregularnosti novostvorenog bubnji}a prosje~ni pre i postoperativni PTA-ABG je 27,30±10,56 i 10,82±8,33
dB (t=8,09; p<0,001). Kod skupine uha s resorpcijom hrskavice bubnji}a prosje~ni pre i postoperativni PTA-ABG iz-
nosi 24,92±8,19 i 9,33±6,58 dB (t=6,21; p<0,001). Izme|u skupina nema statisti~ki zna~ajne razlike. Postoperativne
vrijednosti PTA-ABG kod uha nakon primarne operacije (N=34), odnosno reoperacije (N=17) zna~ajno su razli~ite
(8,75±5,75 i 15,16±9,62 dB) (t=2,60; p=0,016). Usprkos debljini novostvorenog bubnji}a navedena tehnika timpano-
plastike je uspje{na u rje{avanju uznapredovale patologije uha.
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