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Introduction

Chronic suppurative otitis media is one of the most common
causes of reversible conductive hearing loss in the world,
especially in developing countries because of poor socioeco-
nomic status, poor nutrition, poor hygiene, and lack of health
education. Bothgenders canbeaffected, andeveryagegroup is
vulnerable. The natural ossicular chainplays an important role
in transporting sound efficiently from the environment to the
oval window.1 Diseases of the middle ear, especially chronic

otitismedia, can interrupt this transfer. The incus, especially its
long process, is the most common ossicle affected.2,3 Other
problems of the ossicular chain include a defective stapes
superstructurewithorwithoutadefective incus, anddefective
malleus.4

The surgical solution for chronic suppurative otitis media
is tympanoplasty. Eradication of inflammation by recon-
struction of the sound conduction system between the
eardrum and inner ear with a well-aerated tympanic cavity
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Abstract Introduction Chronic suppurative otitis media is one of the most common causes of
reversible conductive hearing loss which can lead to necrosis of the ossicles. The incus,
especially its long process, is the most common ossicle affected.
Objectives The present study aims to assess the use of glass ionomer cement for the
reconstruction of the long process of the incus.
Methods The present study was conducted on 27 patients with chronic suppurative
otitis media with central perforation with dry and quiescent ears with an eroded long
process of the incus submitted to tympanoplasty. The audiological evaluations were
done on all patients, including preoperative and postoperative evaluation of the air-
bone gap; the average pure tone threshold was done 6 months postoperatively.
Results The average air pure tone threshold was 42.8 dB preoperatively and 22.5 dB
postoperatively. The postoperative air pure tone thresholds were significantly smaller
than the preoperative values (p< 0.01). The air-bone gap was 30.5 dB at 500Hz,
31.6 dB at 1 KHz, and 24.1 dB at 2 kHz preoperatively, and 7.7 dB at 500Hz, 7.2 dB at 1
KHz, and 7.1 dB at 2 kHz postoperatively at the end of 6 months of follow-up. There
were significant hearing gains in the air-bone gap (p<0.001).
Conclusion Glass ionomer cement is a useful and effective material for bridging the
defect of the long process of the incus.
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were themain goals of successful tympanoplasty operations.5

The main goal of ossiculoplasty is to establish ossicular conti-
nuity to improve the soundconductionand impedancematch-
ing systemwithan intact tympanicmembrane. Therehas been
growing research interest in therestorationofossiculardefects
in chronic otitis media surgery for>50 years. Ossiculoplasty
can be accomplished via various replacement prostheses:
autograft, homograft, and allograft.6

Glass ionomer cement (GIC) has been widely used in
dentistry for many years. For the last 2 decades, GICs have
beenused as a treatment option for ossiculoplasty. Helmset al.
first reported its use in middle ear surgery in the 1990s.7 It is
now used in ear surgery for various indications, such as
ossicular reconstruction, bony external ear canal repair, stabi-
lization of cochlear implants, repair of dural defects, and
reconnecting of gaps created by incudostapedial necrosis.8

Several studies have shown that there was a considerable
increase in the hearing quality of patients when the ossicular
chainwas rebuilt with GIC.9–12 The ideal bone cement utilized
for this objective ought to be moldable, effectively applied,
quickly setting, nonpoisonous, fluid-resistant, fit for osteoin-
tegration, and ready to affect insignificant inflammation.13

The present study aims to assess the use of GIC for the
reconstruction of the long process of the incus.

Materials and methods

A prospective study was done. Tympanoplasty was per-
formed with ossiculoplasty in patients with chronic suppu-
rative otitis media between 2016 and 2018. Ethical clearance
was obtained from the institutional ethical boardwith ethics
committee No. Soh-Med-2102–45. Informed consent was
obtained from the patients before the start of the study.

Chronic otitis media with central perforation were select-
ed, based on the following inclusion and exclusion criteria.
Only patients with dry and quiescent ears with an eroded
long process of the incus were included in the present study.
Chronic otitis media squamous type, traumatic perforations,
and previous ear surgeries were excluded.

After proper selection and evaluation, all the cases under-
went the standardized procedure of tympanoplasty under
general anesthesia, and the postaural approach was used.
Then, themiddleearwasexposed and inspected for thedisease
process, such as polypoidal mucosa, granulation tissue, fibrous
tissue, and glue. The ossicles were exposed and GICswere used
for bridging the defect of the long process of the incus to the
head of stapes. Glass ionomer cements are formed of a sterile
powder and a liquid, later on during operation; the component
wasmixed for 7 seconds, and themixturemust be used from 1
to3minutes.Precautionsshouldbekept inmindbefore, during,
and after the application of GIC: it is important to remove the
mucosalmembraneandallother soft tissues fromthesurfaceof
the actual bonearea sinceGICdoesnot adhere to soft tissue, the
middle ear cavity should be dry before the application of GIC,
and any bleeding in the middle ear should be controlled first.
Application of GIC should be done under high magnification;
we use a straight or slightly curved needle to apply GIC with
great precaution not to allow the attachment between the GIC

and normal structures like the tympanomeatal flap, themalle-
us, the footplate, and the middle ear mucosa to avoid undesir-
able reactionswith soft tissuesorossicularfixation; therefore, a
small piece of gelfoam can be used over critical structures such
as the facial nerve and the stapes footplate for their protection.
A fine suction cannulawas used formodifying the shape of the
GIC to reach the nearest shape of a normal incudostapedial
joint. Usually, the defect is<2mm, but if it is larger, gap serial
applications can be used with enough time between each
application to allow the previous one to harden, thenwe build
on it to reach the desirable reconstruction, as shown in►Fig. 1.
The GIC hardened 7minutes after its application, and the
movement of the ossicles was checked to ensure their continu-
ity and mobility. Temporalis fascia graft was placed by the
underlay technique for the repair of the tympanic membrane
perforation in all patients.

All patients were discharged on the 2nd postoperative day.
The patients were started on systemic antibiotics, analgesics,
and antihistamines for 1 week. Postoperatively, all patients
were followed-up for a total of 6 months with regular
intervals at the 1st, 3rd, and 6th months.

Audiological evaluations were done on all patients, includ-
ing preoperative and postoperative evaluation of the air-bone
gap; the average pure tone thresholdwasperformed 6months
postoperatively to assess the level of hearing improvement.

Statistical analysis
All collected cases were revised for completeness and con-
sistency. Recorded data were entered on a computer using
Microsoft Excel 2010 for windows (Microsoft Corporation,
Redmond, WA, USA). A paired t-test was used to compare
preoperative and postoperative results. A p-value<0.05 was
considered statistically significant.

Results

The present study was conducted on 27 patients with ages
ranging from 13 to 55 years old; 15 of themwere female and

Fig. 1 Glass ionomer cement reconstruction of the right incudos-
tapedial joint
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12 were males, with a history of otitismedia ranging from6 to
9 years, as shown in ►Table 1. The average air pure tone
threshold was 42.8dB preoperatively and 22.5dB postopera-
tively. The postoperative air pure tone thresholds were signif-
icantly smaller than thepreoperative values (p<0.01). Theair-
bonegapwas30.5dBat500Hz,31.6dBat1KHz, and24.1dBat
2 kHzpreoperatively, and7.7dB at 500Hz, 7.2 dB at 1 KHz, and
7.1dB at 2 kHz postoperatively at the end of 6 months of
follow-up. Therewere significant hearing gains in the air-bone
gap (p<0.001), as shown in ►Fig. 2.

Discussion

Chronic suppurative otitis media owing to poor socioeco-
nomic status and poor environmental conditions account for
morbidity in � 5% of the total population. Sound transmis-
sion from the tympanic membrane to cochlear fluids needs a
normal ossicular chain. The incus is the most frequently
affected ossicle by pathological disease (chronic suppurative

otitis media), especially its long process and lenticular
process, which is due to its anatomical position and blood
supply. The defect of the long process or of the lenticular
process of incus results in conductive hearing loss.14

In the present study, we have evaluated the results of
using glass ionomer bone cement to reconstruct the long
process of the incus in patients with chronic otitis media
with central perforation, dry and quiescent type, with a large
air-bone gap, while patients with chronic otitis media squa-
mous type were excluded because it is a destructive pathol-
ogy and usually more than one ossicle will be affected.

Glass ionomer cement has been widely used in dentistry
since the 1960s as a luting and filling restorative material due
to its adhesive and other advantageous properties. Glass
ionomer cements took place in otology practice, especially
in ossiculoplasty operations, since the 1990s.10 Glass ionomer
cements are one of themost used allograft processes. They are
used tofill thedefectbetween the long process of the incusand
the stapes. Glass ionomer cements provide physiological
results close to the function of the natural ossicular chain.

Glass ionomer cement is utilized not only for the rebuild-
ing of the ossicular chain but also for the stabilization of other
prostheses, such as Teflon piston, in otosclerosis surgery.15

According to many authors, GIC reduces surgical revision
rates by stabilizing the prosthesis and preventing erosion of
the long process of the incus. In the present study, we did not
use prostheses to reconstruct the defect; we used GIC only.

O’Reilly et al.16 reported that there were problems in the
stabilization of the interposed incus depending on the
anatomy of the middle ear, so it is better to use a prosthesis.
Babu et al.17 reconstructed the defects of the long process of
the incus with bone in 18 patients and the reported average
pure tone thresholdwas 51dB and the postoperative onewas
26 dB. The preoperative air-bone gap was 33dB, while the
postoperative value was 10dB. Kjeldsen et al.18 performed
bone cement ossiculoplasty in 12 patients and reported a
postoperative gain� 10dB at average pure tone thresholds in
7 patients and no change in 3 patients.

Table 1 Characteristics of the patients

Variable Mean� SD

Age 34�6.7

Gender

Male 12 (44.4%)

Female 15 (55.6%)

Side

Right 15 (55.6%)

Left 12 (44.4%)

Size of perforation

Small-sized 15 (55.6%)

Moderate-sized 10 (37%)

Subtotal perforation 2 (7.4%)

Abbreviation: SD, standard deviation.

Fig. 2 The preoperative and postoperative air-bone gap at 500Hz,1kHz, 2kHz
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Wegner et al. conducted a systematic review and found
that no infection or extrusion was observed in patients who
underwent ossiculoplastywith GIC.8,19,20 In a previous study
by Celenk et al., there was only 1 occurrence of granulation
over the ossicles (2%) and 1 case of extrusion (2%).21 Ráth
et al. found 1 incidence of disintegrating GIC that required
revision surgery (3%).19 We did not find any such complica-
tion in our series except in two cases.

Glass ionomer cement has been shown by Driscoll et al. to
have adverse effects on soft tissues.22 According to Yazıcı
et al.,11 the GIC group had an intact graft rate of 78.6%. In our
study, we had a 92.6% graft success rate with 2 cases that
presented with granular myringitis, which improved with
medical treatment later on. To avoid the undesirable effects
of GIC, soft tissues should be avoided, the middle ear cavity
shouldbekeptdry, andenough timeshouldbegiven for theGIC
to harden.

Celik et al.23 compared the use of glass ionomerwith that of
cortical bone for ossiculoplasty and found that closure of the
air-bone gapwas 16.8dB in the glass ionomer group and 18dB
in thecortical bonegroup.Dere et al.14dida comparative study
between the use of GIC and incus interposition in the recon-
struction of long process defects and found that the average
pure tone threshold was 42.8dB, while this value was 35.2
postoperatively in the GIC group. The preoperative air-bone
gapwas 27dB and the postoperative value was 20.7dB. In the
incus interposition group, the average preoperative and post-
operative air pure tone thresholds were 42.9 and 34.5dB,
respectively, and the postoperative air-bone gaps were 28.7
and 20.2dB, respectively. In our study, the preoperative air-
bonegapwas30.5dBat500Hz,31.6dBat1KHz, and24.1dBat
2 kHz, and 7.7dB at 500Hz, 7.2dB at 1 KHz, and 7.1dB at 2 kHz
postoperatively at the end of 6 months of follow-up. There
were significant hearing gains in the air-bone gap (p<0.001).

We believe that this may be proof of the high success rate
of GIC, but an increase in the number of cases and in the
period of follow-up is necessary.

Conclusion

Glass ionomer cement is a useful and effective material for
bridging the defect of the long process of the incus.
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