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Aims The aim of this study was to evaluate the surgical outcome of cavity oblitera-
tion with bioactive glass in patients with cholesteatoma undergoing canal wall down 
mastoidectomy with reconstruction of the canal wall.
Materials and Methods A prospective study was conducted over a period of 3 years 
on 25 patients who underwent mastoid obliteration with bioactive glass following 
canal wall down mastoidectomy for cholesteatoma. The primary outcome measure 
was the presence of a dry, low-maintenance mastoid cavity that was free of infection, 
assessed, and graded according to the grading system by Merchant et al at the end 
of 1 and 6 months postoperatively. Secondary outcome measures included presence 
of postoperative complications like wound infection, posterior canal wall bulge, and 
residual perforation.
Results Out of the 25 patients on whom this study was conducted, at the end of 
1 month 60% had a completely dry ear, 28% of patients had grade 1, and 12% had 
grade 2 otorrhea at the end of the first month. At the end of 6 months, 72% had a 
completely dry ear, while 20% had grade 1 and 8% had grade 2 otorrhea. There were no 
cases with grade 3 otorrhea during the entire follow-up period. Postoperative compli-
cations of the posterior canal bulge were noted in two patients (8%), and one patient 
(4%) had a residual perforation.
Conclusion Mastoid cavity obliteration with bioactive glass is an effective technique 
to avoid cavity problems.
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Introduction
In 1911, Mosher introduced the concept of mastoid oblitera-
tion to facilitate healing process in mastoidectomy cavity. He 
originally described a postauricular soft tissue flap that was 
superiorly based.1 Following that numerous other techniques 
have been reported over the past many decades, which 
include local flaps (muscle, periosteum, fascia), free grafts 
(bone, cartilage, etc.), and synthetic materials (hydroxy-
apatite, Plastipore). Reconstruction of posterior canal wall 

with tragal, conchal cartilage, and septal cartilage has been 
tried. However, all of the techniques have advantages and 
disadvantages.

Mastoid obliteration is most commonly required after a 
canal wall down mastoidectomy for chronic otitis media with 
cholesteatoma. A canal wall down mastoid cavity, if not oblit-
erated, can result in the cavity problems such as persistent 
otorrhea, need for frequent cleaning, difficulty to use hearing 
aid, and tendency to evoke vertigo due to caloric stimulus 
such as warm or cold air or water. In such cases, the otorrhea 
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may fail to respond to antibiotic therapy and frequent aural 
toilet. Reducing the cavity problems by reduction in size of 
cavity is the primary purpose of performing a mastoid cav-
ity obliteration and it is usually done as a primary procedure 
during canal wall down mastoidectomies.2

Obliteration of the mastoid cavity promotes quicker heal-
ing by reducing the surface area requiring epithelialization. 
Small cavity is also more likely to retain its epithelial migra-
tory potential and is self-cleaning. Following mastoidectomy, 
the exposed bone will leak transudate, which acts as a rich 
medium for microbial growth. By covering the bony walls, we 
can limit the process of transudation thereby reducing the 
infection risk.3

Bioactive glass (BAG) is a newer biocompatible material 
with a wide spectrum of important properties such as its 
antibacterial effect, nontoxic property, and also induction of 
new bone formation.4 BAG has been used in reconstruction 
of defects of facial bones and in areas potentially contami-
nated with microbial infectious, such as in frontal sinusitis 
and repair of nasal septal perforations.5-8

Materials and Methods
The aim of this study was to evaluate the surgical outcome 
of cavity obliteration with BAG in cases of cholesteatoma 
undergoing canal wall down mastoidectomy with recon-
struction of the canal wall.

A prospective study was conducted over a period of 3 years 
at MCV ENT Hospital, Pollachi, including 25 patients with 
cholesteatoma who underwent canal wall down mastoidec-
tomy with reconstruction of the canal wall and patients with 
cavity problems in the age group between 11 and 60 years. 
Following confirmation of diagnosis of cholesteatoma 
obtained by detailed medical history, clinical evaluation and 
radiological evaluation patients were taken up for surgery.

Patients were made to lie in supine position with the 
affected ear under microscope. Under aseptic precautions, 
local infiltration was given in the postaural region follow-
ing which a postauricular skin crease incision was made and 
dissected, thereby developing a plane between the subcuta-
neous tissue and temporalis muscle and periosteum of the 
mastoid. Temporalis fascia graft was harvested and set aside 
to dry. Following postaural soft tissue dissection and perios-
teal elevation, the mastoid cortex was exposed and an intact 
skin tube flap was elevated and secured anteriorly. A simple 
mastoidectomy was done and cholesteatoma and granula-
tions filling the central mastoid tracts were removed at this 
time. Posterior canal wall was safely thinned out and canal 
wall was drilled out preserving the posterior buttress. After 
complete disease clearance was achieved, the posterior canal 
wall was reconstructed using allograft conchal cartilage. 
The mastoid cavity was lined by temporalis fascia harvested 
during the start of the surgery. BonAlive, the commercial bio-
glass used, is dispensed in a 10cc vial. Using strict sterile pre-
cautions, the granules were redistributed into six syringes of 
1cc capacity and two syringes of 2 cc capacity. Obliteration 
of a moderate-to-large cavity required approximately 2cc of 
bioglass granules and obliteration of a small cavity required 

1 cc of bon alive. The remaining bioglass material was stored 
after ETO sterilization. Thus, each fascia lined cavity was 
obliterated with 1 to 2 cc of bioglass granules. Following tym-
panoplasty, the external canal was filled with Gelfoam and a 
small piece of Merocel was placed. The postaural wound was 
then closed in layers and a drain placed for 24 hours.

Patients were followed up at 2 weeks after Merocel 
removal from external ear, followed by review at 1 month 
and then 6 months postoperatively. The primary outcome 
measure was the presence of a dry mastoid cavity that was 
free of infection and graded as per the scale developed by 
Merchant et al, a semiquantitative scale that is based on both 
patient symptoms and clinical signs.9 The scale ranges from 
grade 0, which corresponds to a dry healthy cavity, to grade 
3 in which there is persistent infection.

 • Grade 0—No episode of otorrhea, and no pus or granula-
tion tissue on otoscopy.

 • Grade 1—One episode of otorrhea of less than 2 weeks’ 
duration in a 3-month period or no otorrhea but a subjec-
tive feeling of wetness in the ear.

 • Grade 2—More than one episode of otorrhea in a 3-month 
period, or an episode of otorrhea lasting more than 
2 weeks, or demonstration of localized granulation 
tissue/pus that was promptly cured with antibiotic drops, 
curettage, or vinegar drops.

 • Grade 3—Constant purulent otorrhea on a daily basis, or 
examinations showing extensive granulation tissue, or 
need for a revision procedure to control infection.

Secondary outcome measures included presence of post-
operative complications like wound infection, posterior canal 
wall bulge, and residual perforation (►Fig. 1).

Results
The age of the patients studied ranged from 11 to 60 years 
of age. All 25 patients had cholesteatoma, while 3 of these 
were cases of recurrent cholesteatoma. Granulations were 
present in 10 patients intraoperatively. Intraoperative facial 
nerve dehiscence and lateral semicircular canal dehis-
cence were noticed in two and three patients, respectively 
(►Figs. 2 and 3).

Of the 25 cases studied, at the end of 1 month, 60% of 
the cases had a completely dry ear. Twenty-eight percent of 
patients had grade 1 and 12% had grade 2 otorrhea as per 
Merchant scale. None of the patients had persistent otor-
rhea (►Fig. 4).

Fig. 1 (A) Intraoperative picture showing canal wall reconstruc-
tion with cartilage and temporalis graft lining mastoid cavity. (B) 
Intraoperative picture showing cavity obliteration with bioactive 
glass granules. (C) Postoperative otoendoscopy picture showing 
obliterated cavity after 1 month.
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Primary outcome measure at the end of 6 months 
follow-up showed a reduction in otorrhea with 72% having 
a completely dry ear, while only 20% had a sensation of wet-
ness of the ear and 8% had grade 2 otorrhea. There were no 
cases with grade 3 otorrhea (►Fig. 5).

Postoperative complication of a posterior canal bulge was 
noted in two patients (8%) and only one patient (4%) had a 
residual perforation. None of the cases developed granula-
tion, retraction pocket, or cavity infection.

Discussion
BAG S53P4 was used for mastoid obliteration by Sarin et al 
in 2012 for 25 patients with chronic otitis media.10 His tech-
nique of mastoid obliteration included a musculoperiosteal 
flap along with BAG granules with or without bone pate. 
In 96% of the patients, he obtained a dry, safe ear or only 
intermittent otorrhea during the median follow-up period 
of 34.5 months. In 92% of the patients, he was successful in 
obtaining a small or nonexistent cavity, thereby concluding 
that BAG S53P4 is a significant material for the purpose of 
mastoid obliteration.

The BAG S53P4 granules are composed of 53% silicone 
dioxide, 23% disodium oxide, 20% calcium oxide, and 4% 
phosphate pentoxide. It is osteoconductive, biocompatible, 
bone-bonding, and nontoxic. In an aqueous environment, 
there is leaching of sodium ions from bioglass along with 
the dissolution of calcium, phosphate, and silica, thereby 
forming a silicon rich layer on the material, which in turn 
acts as a template for the precipitation of calcium phosphate 
which forms chemical bond with bone and soft tissue in 
vivo.11-13 Even previously contaminated closed bone defects 
were successfully obliterated with BAG when not exposed to 
the external environment after the procedure.8,14 The high pH 
and the nonphysiological concentration of alkali ions leached 
out from BAG are responsible for these effects.15 Further to 
this, it also exerts an inhibitory effect on the colonization of 
Pseudomonas aeruginosa. Till date there has not been any 
clear documentation of BAG-associated infections observed 
in clinical studies.

In this study, we obtained results comparable with lit-
erature obtaining a completely dry ear in 60% cases at the 
end of 1 month and 72% at the end of 6 months. None of the 
patients developed grade 3 otorrhea. We can compare our 
study results with studies of Stoor et al and Sarin et al where 
obliteration of cavities was done with BAG S53P4.10,16 In the 
area of posterior canal wall, we used temporalis fascia as a 
cover for bioactive granules thus completely confining the 
BAG granules to the fascial sac. Only one patient presented 
after surgery with prolonged otorrhea, which implied a pos-
sibility of a persistent active disease, which was not removed 
during surgery. However, the otorrhea ceased with prolonged 
oral and topical antibiotic treatment and became dry during 
the following 6 months. A similar case was also reported 
in Stoor et al study. Postoperative complication was seen in 
only three cases, where a posterior canal bulge was noted in 

Fig. 2 Bar diagram showing the age and sex distribution of patients.

Fig. 4 Postoperative mastoid cavity status at the end of first month 
as per the grading by Merchant et al.

Fig. 5 Postoperative mastoid cavity status at the end of 6th month 
as per the grading by Merchant et al.

Fig. 3 Graph showing the intraoperative findings of patients.
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two patients (8%) and only one patient (4%) had a residual 
perforation. None of the cases developed granulation, retrac-
tion pocket, or cavity infection. Thus, BAG S53P4 appears to 
have better osseointegrating properties compared with its 
predecessors. The antimicrobial and angiogenesis stimulat-
ing properties help in long-term cavity obliteration without 
undergoing ischemic atrophy.

The new technique of application of bioglass within a 
fascia-lined sac has numerous advantages. Being contained 
within the mastoid cavity, it stimulates osteogenesis within 
the cavity only, keeping sensitive structures such as the 
ossicular chain, inner ear, and facial nerve protected from 
the high alkaline pH of the material making it safe to use in 
cases with fractured stapes footplate, dehiscent facial canal, 
or lateral semicircular canal dehiscence/fistula. Additionally, 
this technique prevents development of external canal dehis-
cence. Redistribution of the material into 2cc aliquots makes 
its more economical and cost-effective to be used in all cases. 
The high alkaline pH prevents bacterial growth and subse-
quent infection of the cavity.

Healing of the cavity has been noted to be better with 
application of bioglass granules within a fascial covering than 
when placed directly into mastoid cavity in contact with bare 
bone. Persistent active disease within the mastoid cavity has 
been considered to be a relative contraindication for obliter-
ation with bioglass. We here present a set of recommenda-
tions to the use of bioglass based on our experience:

1. A well-saucerized mastoid cavity.
2. Removing all granulations and effusing mucosa and 

ensuring cholesteatoma clearance is complete.
3. Reconstructing canal wall with overlapping pieces of 

cartilage.
4. Filling up of external canal with Gelfoam/Merocel for at 

least 2 weeks to stent canal and prevent posterior canal 
bulging.

5. Filling up cavity up to level of cortical bone and insertion 
of a drain into the wound is a must.

Conclusion
The clinical performance, safety, and efficacy of BAG with 
regard to osteostimulation were proven in addition to its 
antimicrobial property. The ease of application of the gran-
ules within a facial sac thus protecting delicate structures 
along with the cost-effectiveness achieved by redistribution 
of the total volume in a hassle-free manner makes this a 
near-ideal obliteration material. The procedure can be per-
formed under local anesthesia, along with reduction in the 
intraoperative time and hospital stay. However, follow-up for 
longer periods and multicenter studies including a broader 
number of cases need to be initiated to reassure the outcome 
of our experience.
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