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Abstract Introduction Inactive squamosal disease is unique for having a conflicting treatment
protocol, with an age-old debate between early surgical intervention or keeping
patients in a long-term follow-up. The shifting paradigm is early intervention to
prevent further progress into active disease and improve hearing outcome in its
nascent stage.
Objective To evaluate recurrence and hearing outcome in cases of inactive squamo-
sal disease after cartilage strengthening tympanoplasty.
Methods The study was conducted on 50 patients with inactive squamosal disease.
Detailed examination was done to grade the retraction. All patients underwent
autologous conchal cartilage tympanomastoidectomy with temporalis fascia grafting.
Recurrence and hearing evaluations were done by pure tone audiogram at regular
intervals for one year.
Results Hearing loss was the most common presenting symptom. Isolated pars tensa
retractions were more common (54%) than pars flaccida (12%), or those involving both
(34%). Ossicular status was normal in only 14% of the cases, and the most common
ossicular damage was to the lenticular process of the incus (52%). Three of the patients
(6%) had residual perforation at the 3rd month of follow-up. Subjective improvement in
hearing was reported by 42% patients. Hearing improvement greater than 10 dB was
found in 24 patients (48%). Air–bone gap reduced from 25.16�8.15 dB preoperatively
to 12.90�6.20 at 1 year of follow-up. Recurrence was seen in three patients (6%).
Conclusion Early intervention by cartilage strengthening of weakened tympanic
membrane and ossicular reconstruction not only offers better hearing results, but also
prevents progress to active disease.
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Introduction and Objectives

Tympanicmembrane retraction occurs due to invagination of
a part or whole of the tympanic membrane into the middle
ear cavity. Chronic otitis media (COM) inactive squamous
type is characterized by the tympanic membrane retraction
involving pars flaccida, pars tensa, or both without granula-
tions, keratin debris, and cholesteatoma. Long-term retrac-
tion pockets eventually lead to ossicular erosion, hearing loss
and may further progress to cholesteatoma formation.1,2

To prevent the complications related to retraction, early
intervention is often necessary. The options available to the
clinician are many, ranging from wait and watch, medical
treatment, and surgical intervention. There is a myriad of
effective surgical techniques which can be done based on
severity of retraction and status of the ossicular chain, such
as ventilation tube insertion, excision of retraction pocket
with fascia grafting, augmentation of tympanic membrane
by cartilage, cortical mastoidectomy, and mastoid venting.3

In contrast to the previously common practice of regular
follow-ups, detailed understanding of disease pathophysiolo-
gy has highlighted the need for early surgical intervention to
strengthen the weakened lattice of the tympanic membrane,
which can prevent underlying gradual ossicular erosion with
unrecognizedhearing loss, to conclusivelymanifest as obvious
severe hearing loss and active squamosal pathology.

The benefits of cartilage as a reconstructive material for
ossicles have been tested, but utility of cartilage as an
augmentation material for strengthening and support of
the tympanic membrane has found new relevance.

Methods

The studyaims to ascertain the additive effect of cartilage use
both in augmentation, to prevent recurrence of retraction
pocket, and reconstruction of ossicles, to improve the long-
term hearing outcomes. Data gathering happened in the
Department of Otorhinolaryngology at a tertiary teaching
hospital in North India from February 1st, 2019, to
February 1st, 2020. Approval from the Institutional Ethics
Committee was obtained, and the study was registered with
the Clinical Trials Registry – India (CTRI), with the trial
number CTRI/2019/02/017654.

The present study included cases of patients with COM
inactive squamous disease between 15 and 60 years of age
who were willing to undergo surgery. Cases with cholestea-
toma, those undergoing revision ear surgeries, and those
with sensorineural hearing loss were excluded.

A written and fully explained Consent Form stating the
voluntary participation of subjects in the studywas signed by
all participants. A detailed analysis of the patients’ medical
history, otoscopy and oto-telescopic examinations, and
examination under microscope were performed to access
and grade the retraction pockets. A battery of investigations
including routine blood investigation, electrocardiography
(ECG), urine tests, x-ray from the mastoid bilateral lateral
oblique view, x-ray from the chest, pure tone audiometry,
and tympanometry were done.

Hearing was evaluated by 256Hz, 512Hz, and 1024Hz
tuning forks through the Rinne test, Weber test, and the
absolute bone conduction test. The type and severity of
preoperative hearing loss, its air–bone gap, was calculated
by pure tone audiometry. Tympanometry was done to
assess the mobility of tympanic membrane and middle
ear pressure.

Surgery was performed under local or general anesthesia
with the post auricular approach. Temporalis fascia graft was
harvested. The external acoustic canal was opened medial to
the spine of Henle, and the tympanomeatal flap was elevated.
Transcortical mastoidectomy was performed and an orderly,
systematic exenteration of the mastoid air cell tract was
accomplished by identifying anatomical landmarks. Dura and
sinus were located and followed to identify the mastoid
antrum, and patency was checked. The posterior canal wall
was thinned to identify the lateral semicircular canal and the
short process of incus. If necessary, transmeatal drilling was
performed to expose the depth of the retraction pocket.
Subsequently, with the help of a sharp curved needle, the
annulus was raised along with the retracted part of the
eardrum in continuity. Absolute care was taken to raise the
thinned-out retraction, by using a counter traction with the
help of a small caliber suction canula with the appropriate
negative pressure. The middle ear mucosa was identified
inferiorly, below the round window niche or, in cases of grade
IV retraction, near the eustachian tube’s orifice. The plane
between the tympanic membrane and middle ear mucosa
was identified and the retracted tympanic membrane was
separated from the mucosa over the promontory and ossicles.
The thin retracted part of the tympanic membrane was
resected. Conchal cartilage graft was harvested for ossiculo-
plasty, reconstruction of the attic area depending on the
ossicular status, and augmentation of tympanic membrane. A
vertical strutofcartilageofappropriate lengthwasfashionedto
be placed over the foot plate or stapes remnant to create an
adequate middle ear space. A 0.5mm thick conchal cartilage
was used for the reconstruction of the attic area, and a 0.3mm
thick cartilage was used for interposition between the incus
remnant and stapes, and/or reinforcement of the temporalis
fascia graft. Gelfoam (Pharmacia & Upjohn Co. Kalamazoo, MI,
USA) andMerocel (MedtronicXomed, Inc. Jacksonville, FL, USA)
packing was done, and thewoundwas closed in two layers. All
patients received postoperative antibiotics, decongestants and
pain medication. Sutures were removed on the 7th postopera-
tive day.

Subsequent follow-upwas done on the 14th day, 1 month,
and every 3rd month postoperatively. Hearing evaluation was
done by audiometry recording air conduction and bone con-
ductionofall thepatients for0.5, 1, 2, and4kHzpreoperatively,
and every three months in the postoperative period. Hearing
results were reported using the guidelines recommended by
World Health Organization (WHO) and the Committee on
Hearing and Equilibrium of the American Academy of Otolar-
yngology-Head and Neck Surgery (AAO-HNS) for the evalua-
tion of treatment result of conductive hearing loss. This
includes reporting of the mean, standard deviation (SD), and
range of the postoperative air–bone gap.4,5
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The following parameters were used to compare the
results of the study: graft uptake, hearing improvement by
air–bone gap closure, and recurrence of retraction pocket
within one year of surgery. The successful outcome was
defined as complete and intact healing of the graft, without
recurrence of retraction pockets, and with hearing
improvement.

Statistical analysis: data were tabulated in MS Excel
(Microsoft Corp. Redmond, WA, USA). Qualitative data was
expressed in proportion, and quantitative data asmean� SD.
Comparison of baseline versus postoperative hearing was
done by t-test using the OpenEpi (Dean AG, Sullivan KM, Soe
MM. Atlanta, GA, USA) software, and p-value<0.05 was
considered statistically significant.6

Results

The demographic and socioeconomic data of the 50 cases
included in this study are summarized in ►Table 1. The
majority of the patients were less than 40 years of age (70%);
there were more females (56%) than males (44%). Most of the
patients were of lower and upper lower socioeconomic status,
according to theKuppuswamyscore.7 Isolatedhearing losswas
the most-common presenting symptom (70%). Isolated pars
tensa retractions were more common (54%) than pars flaccida
(12%), and than cases involving both (34%). Sclerosed mastoid
was observed inmost patients. Bilateral involvement was seen
in 32% of the patients. (►Table 2)

Ossicular status was normal in 14% patients and eroded in
86%. Themost common ossicular damagewas to the lenticular
process of the incus (52%). (►Table 3). Type III tympanoplasty
was performed, and conchal cartilage was used for ossiculo-
plasty, reconstruction of attic area, and augmentation of
tympanic membrane with temporalis fascia.

Three patients had a residual perforation at the 3rd month
of follow-up. Subjective improvement in hearing was
reported by 42% of the patients. There was a significant
improvement in the mean air conduction postoperatively.
The air–bone gap reduced from 25.16�8.15dB preopera-
tively to 13.40�6.20 at 1-year of follow-up. (►Table 4).
Three patients had recurrence within 1 year of surgery.

Table 2 Clinical presentation and examination findings of the
study population

Presenting symptoms Number of patients

• Isolated hearing loss 35 (70%)

• Isolated ear discharge 7 (14%)

• Hearing loss with ear discharge 8 (16%)

• Other None

Retraction pocket site

• Pars tensa alone 27 (54%)

• Pars flaccida alone 6 (12%)

• Both 17 (34%)

Pars tensa retraction (Sade)

• Grade I 0 (0%)

• Grade II 14 (28%)

• Grade III 13 (26%)

• Grade IV 17 (34%)

Pars flaccida retraction (Tos)

• Grade I 2 (4%)

• Grade II 8 (16%)

• Grade III 6 (12%)

• Grade IV 7 (14%)

Mastoid x-ray findings

• Sclerosed 44 (88%)

• Diploic 6 (12%)

• Pneumatized None

Tympanometry

• Type A 5 (10%)

• Type B 25 (50%)

• Type C 20 (40%)

Table 1 Demographic and socioeconomic characteristics of
the study population

Age distribution (years) Number of patients

< 20 11 (22%)

21–30 14 (28%)

31–40 10 (20%)

41–50 11 (22%)

51–60 4 (8%)

Mean age: 32� 12.61 years

Gender distribution

Male 22 (44%)

Female 28 (56%)

Kuppuswamy score (socioeconomic status distribution)

1 (Upper) 0 (0)

2 (Upper-middle) 1 (2%)

3 (Lower-middle) 2 (4%)

4 (Upper-lower) 27 (54%)

5 (Lower) 20 (40%)

Table 3 Intra-operative ossicular findings

Ossicular status (Intra-op) Number of patients

• Normal 7 (14%)

• Mþ , I�, SSþ 26 (52%)

• M�, I�, SSþ 2 (4%)

• Mþ , I�, SS�, FPþ 5 (10%)

• M�, I�, SS�, FPþ 10 (20%)

Abbreviations: M, malleus superstructure; I, incus superstructure; SS,
stapes superstructure; FP, stapes foot plate. Notes:þ indicates intact
structure; � indicates eroded structure.
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Scatter plots comparing average pre- and postoperative
air conduction and bone conduction of individual patients
were prepared. ►Fig. 1A shows that hearing, as depicted by
air conduction, improved in the majority of patients. There
are 8 patients on the diagonal line, showing no change in
postoperativehearing thresholds. On the other hand, average
hearing improved bymore than 10dB in 24 patients, as these
are plotted in the graph on the left side of the 10 dB diagonal
line.►Fig. 1B showed that there was no significant change in
bone conduction threshold postoperatively.

Discussion

The COM inactive squamous type is a disease of themiddle ear
with unpredictable progression.Whilemost casesmayexhibit
a gradually progressive disease, a select few can have rapid
progression into active disease, with a minority remaining
static. This subset of COMusually presentswith anunderlying,
undetectable, progressive hearing loss only tomanifest with a
severe degree of hearing loss after a few years due to ossicular
erosion. The disease is characterized by retraction of the
tympanic membrane, which is most commonly seen in the
posterosuperior part of the pars tensa and in the pars flaccida.

Marchioni et al. suggested that the selective dysventila-
tion of the attic occurs due to concomitant presence of a

series of complete or incomplete epitympanic diaphragms.
This blockage develops a negative pressure, leading to the
formation of a retraction pocket with normal eustachian
tube functions.8

Shunyu et al. studied the histological findings in the pars
tensa retraction pocket. They reported that subepithelial
inflammation was seen in all grades of retraction, and that
parakeratosis was more marked in grade II retraction. They
noted that the papillary epithelial cones in the basal epithe-
lial layer, loss of the middle collagen layer, and loss of the
inner mucosal layer progressively increased from grade II to
grade IV retraction. They did not find breaches of the
epithelial basement membrane in any of the studied cases.9

Urik et al. performed an immunohistochemical analysis of
pars tensa retraction pockets in 31 children. They concluded
that there was a significantly higher concentration of Ki67,
CD31, CD45, andD2–40 in stage III retraction,when compared
with stage II. These markers indicate changes of hyperprolif-
eration, angiogenesis, inflammation, and in the lymphatic
endothelium. Inflammatory reactions leading to angiogenesis
and hyperproliferation are the basis for development of cho-
lesteatoma. These analyses suggest that stage III pars tensa
retractions are precursors for cholesteatoma formation. All
these studies suggested that the progression of grades of
retraction is a continuous disease process.8,9

Table 4 Comparison of average hearing thresholds (500Hz, 1000Hz, 2000Hz, and 4000Hz), as evaluated by audiometry
preoperatively and 1 year after surgery

Hearing threshold Preoperatively
(In dB)

Postoperatively
(In dB)

P-value

Mean air conduction 41.50�8.94 29.35�5.95 < 0.01

Mean bone conduction 16.13�3.76 15.93�3.55 0.6891

Air–bone gap 25.16�8.15 13.40�6.20 < 0.01

Fig. 1 (A) Scatter diagram showing pre- and postoperative air conduction average hearing thresholds (500Hz, 1000Hz, 2000Hz, and 4000Hz) of
each patient. (B) Scatter diagram showing pre- and postoperative bone conduction average hearing thresholds (500Hz, 1000Hz, 2000Hz, and
4000Hz) of each patient.
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The pathological importance of retraction pocket lies in
the loss of original histological and anatomical structures,
which are associated with development of ossicular chain
erosion, cholesteatoma formation, and potentially life-
threatening complications of cholesteatoma.11

The reliable assessment of pars flaccida retraction was
much more susceptible to intra- and interobserver variability
than the assessment of the extent of pars tensa retraction. The
subtle differencebetween a normal and slightly retracted pars
flaccida, and the subjective nature of the assessment of the
extentof scutumerosionare themain limitationsof these type
of studies.12

There are various classification systems used for retrac-
tion pockets but all of them suffer from poor reliability and
correlate poorly with hearing status. In our study, we used
the Sade and Tos classification systems for grading pars tensa
and pars flaccida retractions, respectively.13 We preferred to
use the Sade and Tos systems, as they are time-tested
methods which can be readily applied in the outpatient
department.

The management of retraction pockets is challenging and
there is no consensus for themanagement of different grades
of retractions.14 Retraction pockets have been managed
based on its staging and symptomatology, ranging from
watchful observation to grommet insertion, to surgical
strategies.11,15,16

Cartilage tympanoplasty is commonly performed for the
management of retraction pockets.17,18 The surgery is per-
formed with the intention of preventing cholesteatoma for-
mation and improving hearing.19 Comacchio et al. suggested
that the surgical management of stage II and III retraction
pockets with cartilage grafting can prevent cholesteatoma
formation in the future.20

In our study, only 7 cases (14%) had normal ossicular
status and the remainder had some degree of ossicular
erosion. There were 10 cases (20%) with only the stapes
footplate in the middle ear. We observed a higher degree
(86%) of ossicular damage in our patients, when compared
with other studies. This may be due to the longer duration of
illness and delayed presentation, given that majority of the
patients belonged to lower socio-economic class with limit-
ed access to specialized care, and possible negligence on their
part, contrary to western literature where patients present
early and are better informed.

The cartilage graft obtained from tragal as well as conchal
cartilage were used for middle ear reconstruction. The
advantage of using conchal cartilage is its accessibility
through the same incision site, a bigger donor site, mallea-
bility, and its natural contour. The concave shape makes the
placement in the attic area favorable. The disadvantage of
conchal cartilage use is that it is thinner, and harvest can
cause perichondritis.18,20 These adverse effects were not
observed in any of our patients.

Hearing assessment was performed using pure tone audio-
gram preoperatively, and every threemonths postoperatively.
We observed a significant improvement in mean air conduc-
tion postoperatively at all frequencies (0.5, 1, 2, and 4 KHz)
with significant closure of the air–bone gap. Previous, similar

studies have reported an improvement in hearing of 6dB to as
high as 18dB in cases of COM with inactive squamosal
disease.18,21,22 Our finding of an improvement of 12.26dB
agrees with the other studies.

In our study, we observed that 3 cases (6%) had residual
perforation. In the study by Kalra et al., they observed 10%
cases with residual perforation.21 Those 3 cases (6%) had
decreased hearing, as observed by the increase in air
conduction threshold and increased air–bone gap, which
could be explained by the stiffness of cartilage reducing the
tympanic membrane vibrations and transmission of sound
waves into the inner ear. Thick cartilage is also believed to
be the cause of dampening of sound vibrations. Kasbekar
et al. reported worsening of hearing in 19% cases,22 with 3
cases (6%) which showed development of retraction in the
neotympanum 1 year after surgery. In 2 cases, the cartilage
was placed in the posterosuperior region and retractionwas
observed in the anterior region, and 1 case with poster-
osuperior placement but pars flaccida retraction showed
complete atelectasis. Kalra et al. observed recurrent forma-
tion of retraction pockets in 30% of their cases.21

Postoperative retraction of the neotympanum occurs in
cases of poor tubal function. Reconstruction of the lateral
attic wall reduces the incidence of attic retraction recur-
rence; however, it does not protect the recurrence of pars
tensa retraction.23

Amajor limitationofour studywas theshortdurationof the
follow-up period. It has been observed that retraction recur-
rence can happen even after years of stability if the graft is not
augmented, because the primary pathology, that is, the Eusta-
chian tube dysfunction, has not been corrected. This brings to
notice that more long-term follow-up studies on the develop-
ment of recurrence, comparing presence and absence of
cartilage augmentation are needed in the literature. We also
recommend keeping the serial photographs and small video
clips of otoendoscopic examinations in the patient’s mobile
phone itself for future reference.

Conclusion

We observed good hearing outcomes with low rates of
recurrence with cartilage tympanoplasty in inactive squa-
mosal disease.
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