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SUMMARY

Introduction: Open cavity mastoidectomy can generate some complications and mastoid cavity obliteration is a technique
described and studied for the elimination of this cavity. Alloplastic materials have been studied in mastoid cavity
obliteration surgery. Alpha-tricalcium phosphate bone cement is a material composed by calcium and phosphate
and presents biochemical characteristics similar to the bone mineral phase.

Objective: This study is aimed at evaluating the biocompatibility of alpha-tricalcium phosphate bone cement in the obliteration
of the mastoid cavity in guinea pigs.

Methods: 20 guinea pigs were submitted to surgical procedure. In 10 cement study group animals, the tympanic bulla

was obliterated with alpha-tricalcium phosphate bone cement and in 10 guinea pigs (control group), the cavity
was left unfilled. The animals were evaluated for clinical signs of material rejection and other complications.
The temporal bones were removed and analyzed as for the type and degree of inflammatory response, as well
as the degree of ossification.

Results: In the animals that completed the study, there were no complications. There were not either the presence of
foreign body inflammatory reaction in none of the samples of both groups. As for the ossification degree, the
average ossification scores in the control group (3.5) was greater than that shown by the cement group (1.0).

Conclusions: 1) The alpha-tricalcium phosphate bone cement is biocompatible in guinea pig’s temporal bone 2) The alpha-
tricalcium phosphate bone cement undergoes bone remodeling, but it doesn t present osteoconductive properties.

Keywords: bones substitutes, bone cements, cholesteatoma, mastoid process, biocompatible materials, osseointegration.
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INTRODUCTION

The open cavity mastoidectomy is taken by many
authors as the preferable surgical procedure for the
treatment of cholesteatomatous otitis media, due to the
high incidence of the diseases recurrence (1,2,3). This
technique allows for a better removal of all the
cholesteatoma and also a better post-operative control
because it includes the aspiration of the disease’s eventual
recurrences (4). However, this unique cavity formation
may cause some complications such as: deafness, persistent
otorrhea, dizziness, poor aesthetics and the need for
periodical cleaning of the cavity by the otorhinolaryngologist.
Hence, in some selected cases we prescribe the elimination
of the open cavity for the improvement of the patient’s
welfare. The techniques for open cavity elimination consist
of reconstruction of the (MAE) external acoustic meatus
rear wall, obliteration of the cavity or full ablation of the
middle ear (5).

Since 1962, with the experiments of MaHONEY et al.
(6), which used the methylmetacrilate, several synthetic
materials have been tried. The synthetic materials would
offer the advantage of being easily obtained, in addition to
the advantage of not submitting the patient to the risk of
transmission of infectious diseases. In the other hand, they
may present biocompatibility problems with risk of rejection.

A new material similar to hydroxyapatite has been
widely studied for the reconstruction of osseous defections
inorthopedic surgeries, neurosurgeries and bucomaxillofacial
surgeries (7,8,9). Itis the alpha-tricalcium-phosphate bone
cement, that is an apatite carbonate formed by the mixture
of the alpha-tricalcium-phosphate with calcium carbonate
and monocalcium phosphate monohydrate powder. When
these components are mixed to a solution of sodium
phosphate, they form a crystalline structure similar to the
bone mineral phase, the dahllite.

Although it has been used in surgeries for more than
10 years, there aren’t studies about its application in
mastoid cavity obliteration surgeries in the literature
researched. The objective of this study is to evaluate the
alpha-tricalcium-phosphate bone cement biocompatibility
in animal model of mastoid cavity obliteration surgery.

METHOD

This study was approved by the Ethics Committee
for Analysis of Research Project (CAPPesq) of the Clinical
Board of the Clinical Hospital of the Medicine College of
the University of Sao Paulo. The experimental study was
performed according to the manual about the laboratory
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animals cares. 20 young adult healthy animals of the
species guinea pig (Cavia porcellus) of female sex, aged
between 10 to 12 months and weight between 350 and
450 g were studied. Animals with signs of infection in the
external or middle ear, pregnant and bearing congenital
malformation were excluded.

The 20 animals were divided into 2 groups of 10
animals. Both groups were submitted to sterile surgical
procedure and kept under observation for a period of 60
days. The animals were sacrificed after 60 days and the
temporal bones were removed for histopathological study.

Surgical technique

The guinea pigs were anesthetized with a mixture
of ketamine (40mg/kg) and xilasine (8mg/kg). Such
anesthetic scheme allows for good anesthetic level for a
period of 60 to 90 minutes without respiratory depression.
All received the cefazolin antibiotic in the dosage of 50mg/
kg during anesthetic induction.

After local infiltration with lidocaine at 2% with
adrenalin 1:200.000, there was performed an incision up
the auricular pavilion with exposure of the temporal
muscle. Through the building of a muscle-periosteal piece
lately pediculated, we exposed the temporal bone
squamous part of the cortical. With the use of cutting and
diamond drills and under constant irrigation, we removed
the dorsal tympanic bulla cortical that allowed the full
exposure of the internal side of this cavity (Picture 1).
Afterwards the external acoustic meatus osseous rear wall
is removed, which limits the dorsal tympanic bulla
downwards (Picture 2). The cavity was then carefully
cleaned and all the walls were scarified with the use of a
diamond drill.

Picture 1. Left ear: (A) the tympanic bulla open. (B) scheme
representation showing the tympanic bulla (dotted in blue),
ossicular chain (dotted in green), periosteal muscle piece
away (dotted in yellow) and posterior wall of MAE (striped in
black).
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Picture 2. Left ear: (A) tympanic bulla after removal of the
MAE posterior wall; (B) scheme representation of the tympanic
bulla open (dotted in blue) and the MAE osseous posterior
wall removed (dotted in black) with exposure of the MAE skin.

Picture 4. Left ear: (A) tympanic bulla obliterated with bone
cement; (B) scheme representation of the bone cement
obliterating the tympanic bulla (dotted in red) and base of the
periosteal muscle piece (dotted in yellow).

The muscle-periosteal piece was turned inside the
tympanic bulla and covered the osseous defection of the
external acoustic meatus rear wall (Picture 3). In the control
group, 10 animals remained with the cavity without filling
and in the study group 10 animals had the tympanic bulla
obliterated with alpha-tricalcium-phosphate bone cement
(Picture 4).

The cement that was used comes conditioned in
two recipients, a cup containing sterile calcium phosphate
powder and a bottle containing sterile diluted sodium
phosphate. The proportion between the powder and the
solvent does not need to be calculated and it is enough to
mix the total content of both bottles. The mixture must be
applied and molded in up to 3 minutes, when the product
hardening begins and is completed in 10 minutes.

The incision was sutured with the use of vicryl
thread in the subcutaneous layer and nylon thread in the
skin.

2.2. Histopathological material preparation

After 60 days of the surgery, the animals were

Intl. Arch. Otorbinolaryngol.,
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Picture 3. Left ear: (A) tympanic bulla open with periosteal
muscle piece turning inside the tympanic bulla covering the
osseous defection on the MAE posterior wall; (B) scheme
representation of the tympanic bulla (dotted in blue) and
muscular piece (dotted in yellow).

Picture 5. Guinea pig’s left temporal bone removed. Bone
cement (red arrow) obliterating tympanic bulla (dotted in
blue) and MAE (dotted in black).

sacrificed. The animals were initially anesthetized with
ketamine 160mg/kg and xilasine 16mg/kg, and then
received lethal injection of KCI 19.1% intracardiac.

The guinea pig temporal bone was removed with
the use of scope, hammer and scissors. The piece was
removed carefully to maintain the tympanic bulla and the
cement intact (Picture 5).

The material was then fixed with alcohol at 70% and
included in methylmetacrilate blocks. The blocks were cut
with low speed diamond slitting wheel (Isomet-Buehler)
with thickness of 1 mm. Then the cuts were polished to
achieve the thickness of 10 pm, with the use of a
metallographic polisher. The cuts were finally colored with
0.1% of toluidine blue and forwarded to the pathologist.

399



Picture |. Classification in grade of inflammatory response.
Grade
[ Absence of inflammatory reaction signs

Histopathologicalfinding

Il Presence of minimum edema without
formation of granulomas

1l Presence of granulomatous reaction with giant
cells

v Presence of granulomatous reaction with giant
cellsand lymphocyticinfiltrate in adjacent soft
tissues

\ Presence of inflammatory reaction with
lymphohistiocytic inflammatory infiltrate with
neutrophils and cicatricial fibrosis.

2.3. Data analysis

The histopathological analysis was carried out by a
pathologist of the Pathology Department of the Clinical
Hospital of Sao Paulo, who used an optical microscope.
The blades were initially examined in a panoramic increase
for the identification of all fields and then in increases of
12.5, 40, 50, 200 and 400x.

The clinical analysis was made before the temporal
bone removal. The skin and muscular piece evaluation was
performed with macroscopic exam and the otoscopy with
the use of surgical microscope.

The guinea pigs were studied as for the presence of
material rejection signs, grade of ossification and occurrence
of complications.

Biocompatibility analysis

For the material biocompatibility analysis there
were evaluated clinical and histological data of the material.

In the clinical evaluation the following data were
collected:
e Presence or absence of granulomatous inflammatory
reaction signs in the surgical site.
e Presence or absence of material extrusion signs.

As a histopathological parameter for the mate-
rial biocompatibility evaluation, we studied the
presence or absence of granulomatous inflammatory
response with giant cells. For the analysis of
inflammatory reaction and formation of foreign body
reaction a classification in 5 grades was created (Board

D.
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Picture 2. Classification of the type of inflammatory response
in 3 types.

Type  Grade
| land Il

Meaning

Presence of cicatricial changes
normal for the surgical procedure

2 llland IV Presence of inflammation changes
forthe extrinsic material (foreign

body reaction)

Presence ofacute inflammation
(possible infection)

Picture 3. Classification of the ossification grade and score
ascribed according to the sample ossification grade.

Grade  Histopathologicalfinding Score

O Absence of ossification signs 0

| | 9% - 25% of the cavity with signs
of ossification |

I 26% -50% of the cavity with signs

of ossification 2
1l 51% -75% of the cavity with signs

of ossification 3
v 75% -100% of the cavity with signs

of ossification 4

According with the grade of inflammatory response
determined by the pathologist in the histological analysis,
we divided the patients into 3 types (Board 2).

Ossification grade analysis

For the mastoid cavity ossification grade analysis we
created a classification in 4 grades (Board 3).

By using such classification the pathologist classified
the ossification grade in the control and cement groups.

Analysis of complications incidence to the procedure

For the complications incidence analysis, the guinea
pigs were evaluated as for the presence or absence of the
following parameters:

e Death of the animal.

e Effusion in the middle ear.

e Signs of skin or muscle infection.
e Signs of skin or muscle necrosis.
e Material extrusion.

e MAE stenosis.

e Cutaneous Fistula.

Intl. Arch. Otorbinolaryngol.,
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Statistical analysis

The calculation of the sample size was made by
taking as 0% the incidence of foreign body reaction or
cavity chronic inflammation in guinea pigs submitted to
mastoidectomy without its obliteration, at a level of
significance of 5% and power (error type II) of 80% in a
one-tail hypothesis test. 10 guinea pigs were necessary in
each group (study and controD) to detect a minimal
difference of 6.5% of incidence of foreign body reaction or
cavity chronic inflammation after the obliteration with
alpha-tricalcium-phosphate bone cement.

The qualitative variables were described by means
of their frequency and the semi-quantitative variables of
their averages and standard deviations. For comparison of
the different grades prevalence of inflammation, ossification
and complications incidence between the groups, the chi-
square test and the Fisher’s exact test were used. The
averages of scores ascribed to each ossification grade were
also compared between the groups by using the Mann-
Whitney U non-parametrical test. A level of significance of
p<0.05 was admitted.

ResuLTs

The control group animals initial weight average
was of 396.8 g and the final weight average was of 570 g.
The control group weight gain average was of 173.3 g
during the study period. The weight gain percentage on
the initial weight in the period was of 43.7 %.

The cement group animals initial weight average
was of 398.8 g and the final weight average was of 574.3

g. The cement group weight gain average was of 175.5 g
during the study period. The weight gain percentage on
the initial weight in the period was of 44.0%.

In both groups, the death incidence after the
procedure was of 2 (20.0%) animals in the first post-
operative day (p = 1.0), probably for anesthetic complications
because they occurred in the first post-operative period
and were equal in both groups. The remaining animals
clinical analysis did not identify any sign of other
complications — skin and muscle infection, middle ear
effusion signs, external acoustic meatus stenosis, cutaneous
fistula or formation of secondary cholesteatoma — in any
sample of the control and cement groups. The guinea pigs
clinical analysis did not observe signs of granulomatous
inflammatory reaction around the cement in any cement
group animal. There wasn’t either any case of material
extrusion.

After the temporal bones removal, we observed
that in all the cement group samples the material was
firmly adhered to the mastoid cavity.

The histological analysis of inflammatory reaction
grade and type in the cement and control groups are
described in Table 1. There was no sign of foreign body
type inflammatory reaction in the cement group with 8
(100%) of the samples presenting grades 1 and 2
inflammatory reaction. Only 3 animals of the control group
(37.5%) had type 3 inflammatory reaction, while all the
other guinea pigs (100% of the cement group and 62.5%
of the control group) had type 1 inflammatory response.
In spite of the difference presented in the inflammatory
reaction types prevalence in the groups, such difference
was not statistically significant (p=0.2).

Table |. Results of the histological analysis of cement and control groups. Inflammatory

reaction grades.

Group

Cement Control p Total

(n=18) (n=18) (n=16)
Inflammatory Reaction Grade
| 7 (87,5 %) 3 (37,5 %) 10 (62,5 %)
Il I (12,5 %) 2 (25,0 %) 0,09 3 (18,8 %)
1 0 (0,0 %) 0 (0,0%) 0 (0,0 %)
\% 0 (0,0 %) 0 (0,0%) 0 (0,0 %)
\% 0 (0,0 %) 3 (37,5%) 3 (18,8 %)
Inflammatory Reaction Type
| 8(100,0 %) 5 (62,5 %) 13 (81,3 %)
2 0 (0,0 %) 0 (0,0%) 0,2 0 (0,0 %)
3 0 (0,0%) 3 (37,5 %) 3 (18,8 %)

Intl. Arch. Otorbinolaryngol.,
Sdo Paulo, v.12, n.3, p. 397-405, 2008.
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Table 2. Ossification grade of control and cement groups.

Grade Group

Cement Control p Total

(n=28) (n = 18) (n=16)
0 - absent 0 (0,0%) 0 (0,0%) 0 (0,0%)
I - 1% - 25% of the cavity 8 (100,0%) 0 (0,0%) 8 (50,0%)
I1-26% - 50% of the cavity 0 (0,0%) 0 (0,0%) 0,001 0 (0,0%)
- 51% - 75% of the cavity 0 (0,0%) 4 (50,0 %) 4 (25,0 %)
IV-76% - 100% of the cavity 0 (0,0%) 4 (50,0 %) 4 (25,0 %)

As for the ossification grade study, the control group
presented ossification of grade 3 and 4 (50%) of the
samples and grade 4 (50%) in 4 samples studied. In the
cement group we observed an ossification of grade 1 in 1
(12.5%) sample and grade 2 in 7 (87.5%) samples (Table
2).

By ascribing the weights to each animal according to
the ossification grade, we observe that the control group
average ossification grade (3.5) was larger than that verified
in the cement group (1.875) (Chart 1). The control group
presented in a statistically significant manner (p < 0.001)
more intense grades of ossification (average 3.5+ 0.5) than
the cement group (1.9 + 0.4).

DiscussioN

The guinea pig (cavia porcellus) has a temporal
bone cellular aeration composed by ventral and dorsal
tympanic bullas and the retro-tympanic cells. As shown by
an analogy with the human temporal bone, the dorsal
tympanic bulla would be equivalent to the epitympanic
and attic recess. It is located in the upper rear portion of the
tympanic cavity and relates to the upper intracranial cavity,
with the petromastoid part of the temporal bone in the
middle and with the tympanic cavity and the external
acoustic meatus in the lower part. The communication
between the dorsal tympanic bulla and the tympanic
cavity is made through a hiatus located in its lower portion,
in which the incudo-malleolar complex is projected (10,11).
Upon removal of the external acoustic meatus upper wall,
the tympanic bulla communicates with the external acoustic
meatus and forms a single cavity, similar to that found in the
open mastoid cavities.

Several types of materials have been used for the
open mastoid cavity obliteration. The mostly employed
materials are the autolog ones, such as cartilage, bone, fat,
muscle and bone mass that offer the advantage of not
undergoing rejection and may be obtained during the
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surgery (5,12,13). The disadvantage is the difficulty to
obtain material in a sufficient quantity for the procedure.

Then, since 1962, with the experiments of MAHONEY
et al. (6), which used the methylmetacrilate, several
synthetic materials have been tried. The synthetic materials
would offer the advantage of being easily obtained, in
addition to the advantage of not submitting the patient to
the risk of transmission of infectious diseases. In the other
hand, they present problems as for the biocompatibility
with high levels of rejection.

Among the synthetic materials that were studied for
this purpose, we may mention silicon, proplast, ionomeric
cement and bioactive glass cement (14,15,16,17).

The silicon, proplast and ionomeric cement are not
used anymore due to the incidence of complications and
the bioactive glass cement is still in experimental study
phase (18).

More recently, calcium and phosphate based
synthetic materials have been used and they present a
biochemical structure similar to the human bone mineral
phase. The calcium and phosphate aloplastic implants are
those composed by calcium and phosphate in apatite
shape. The apatite is composed in crystal shape that has a
chemical structure represented by the formula
Cas5(X)(PO4)3. In this structure the position X may be
occupied by ions fluoride (F), chloride (CD), hydroxide
(OH), or half carbonate (CO3) (19).

The first material of this studied group was
hydroxyapatite. Such material has been offering good
results when used in the MAE reconstruction or mastoid
cavity obliteration (20,21,22). As of the study of
hydroxyapatite, new types of materials were developed.

The alpha-tricalcium-phosphate bone cement is a
product composed by 3 solutions: alpha-tricalcium-
phosphate, calcium carbonate and monocalcium phosphate

Intl. Arch. Otorbinolaryngol.,
Sdo Paulo, v.12, n.3, p. 397-405, 2008.
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Picture 6. Histological cut of the tympanic bulla colored with
toluidine blue (200x) showing a new osseous trabecula. See
the presence of osteocytes inside the trabecula (white arrow)
and osteoblasts in its periphery (arrow tip). Absence of

neutrophils and multinuclear giant cells of foreign body type.

(23). When these components are mixed to a solution of
sodium phosphate, they form a crystalline structure of
apatite carbonate similar to the bone mineral phase, the
dahllite (24,25).

The material time of preparation, which consists of
asolid phase mixture with the solution of sodium phosphate,
is of approximately 2 minutes, and the time for the material
manipulation is of 5 minutes. After placement of the
material there occurs its hardening with the formation of
dahllite. The time of hardening in the normal corporeal
temperature is of 10 minutes (24,26,27). After 12 hours,
between 85 to 90% of the material is dahllite and its
maximal compressive force is of 55 megapascals (24).
Constantz et al. studied the dahllite biochemical composition
and its crystalline structure formed in this reaction and
confirmed that it’s similar to the dahllite naturally present
inthe bone (24). This material has been widely used in the
filling of osseous defections in orthopedic surgeries,
neurosurgeries and bucomaxillofacial surgeries. Studies in
ossicular chain reconstruction surgeries in guinea pigs with
the alpha-tricalcium-phosphate cement showed good results
with low levels of inflammation and foreign body reaction
(28,29).

For the biocompatibility study the samples were
studied by using clinical and histopathological parameters.
The classification in 5 grades of inflammatory reaction used
in this study for the measuring of inflammatory reaction
grade was created from the adaptation of the classification
used by Horrman et al., who studied the inflammatory
reaction grade in ossicular chain reconstruction surgery in

Intl. Arch. Otorbinolaryngol.,
Sdo Paulo, v.12, n.3, p. 397-405, 2008.

Picture 7. Histological cut of the tympanic bulla of the control
group colored with toluidine blue (12.5x) showing the cavity
intense ossification (dotted).

guinea pigs with the use of alpha-tricalcium-phosphate
cement (28). Such classification as used by Horrmann et al.
was divided into 4 grades. Because this classification was
inadequate in the cases of presence of acute inflammation
reaction, we added a fifth grade (grade 5). From this
classification in 5 grades, we formed a subdivision in 3
groups we called types 1, 2and 3. The type 1 corresponds,
histopathologically, to the presence of inflammatory reaction
presence that normally occurs in tissues submitted to
surgical trauma and involves grades I and II (Picture 0).
Type 2 corresponds, histopathologically, to the presence
of foreign body type inflammatory reaction and comprises
gradesIITand IV. Type 3 corresponds, histopathologically,
to the presence of acute inflammatory reaction with
possible infection.

In our study, we confirmed that there were no
clinical signs of rejection to the material such as the
presence of granulomatous inflammatory reaction signs
and implant extrusion signs. In the histopathological analysis,
no samples that received the alpha-tricalcium-phosphate
cement presented foreign body type inflammatory reaction
signs, which normally occur in the material rejection
processes.

This study also showed that the use of alpha-
tricalcium-phosphate bone cement did not present
complications when used to obliterate the guinea pig
mastoid cavity. The absence of effusion in middle ear is a
sign that there was the conservation of the middle ear

physiology.
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Picture 8. Histological cut of the tympanic bulla of cement
group colored with toluidine blue (100x) showing a new
osseous trabecula (arrow) invading the alpha-tricalcium-
phosphate bone cement (black amorphous substance).

As for the ossification grade, we found significantly
minor ossification in the cement group compared to the
no-cement group (Picture 7). Such information confirms
the studies that show this material is not osteoconductive.
The alpha-tricalcium-phosphate bone cement is
microporous, which does not allow the internal osseous
growth (24). However, there were signs of reabsorption
and osseous growth in the implant periphery (Picture 8),
confirming that in time the material may be reabsorbed and
replaced for new bone. Studies in animals show that the
alpha-tricalcium-phosphate bone cement undergoes
osseous remodeling similar to what occurs in the normal
bone. Such material undergoes osteoclastic reabsorption
followed of osteoblastic migration and formation of new
bone (24). The properties of drying even in moist places
and adherence to the bone may form the advantages
compared to hydroxyapatite. The mastoid cavity is moist
and has many times the presence of blood. In addition, the
fact the material adheres to the adjacent bone is a factor
that may represent a greater stability in the surgical bed. In
all samples studied, the cement was firmly adhered inside
the tympanic bulla.

CONCLUSION

The alpha-tricalcium-phosphate bone cement is
biocompatible in guinea pigs mastoid cavity.

The alpha-tricalcium-phosphate bone cement

undergoes osseous remodeling, but it does not present
osteoconduction property.
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