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ABSTRACT

Background: Critically sized surgical bony defects after enucleation of cystic bony lesions will
not spontaneously heal.

Purpose: This clinical study aimed to assess the osteoinductive potential of bioactive bone
glass in the form of sticky bone in critical-sized surgical bony defects.

Patients and methods: the present study is a randomized clinical controlled trial including
24 patients divided into two equal groups. Cystic lesions exceeding 2 x 2 cm were enucleated, and
the defect was obliterated with bioactive bone glass particles in group 1 and bioactive glass sticky
bone in group 2. Bone density was measured in grayscale units from digital panoramic radiographs

immediately, at three and six months postoperatively.

Results: The healing went uneventful, except for the exfoliation of graft particles through the
incision line in groups 1. In group 1, the percentage of decrease in the bone density during the
first three months is higher in group 1 than group 2 that was then increased by nearly the same
percentage at the six months interval although statisticaly there is no significant difference between
the two groups through out the study period.

Conclusion: The bioactive glass prepared as the sticky bone has better intraoperative handling
and workability, better soft tissue reaction during the healing period and higher bone density values
of the grafted defects than when used solely although it hasn’t any radiographic statistical significant
results regarding the studied parameters.
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INTRODUCTION

Cysticlesions are among the common pathologies
known to affect the oral and maxillofacial region. By
definition, a cyst is an epithelial lined cavity, filled
with fluid or semifluid or gas, as mentioned by I.
Kramer in 1974. ! According to Partsch 2, there are
two proposed treatment lines; the first one entails
a complete excision of the lesion and watertight
closure to permit immobile and undisturbed healing.
However, large lesions that erode the natural bony
barriers and encroach the adjacent vital structures
may benefit from another line of treatment called
which
decompression window in the cyst wall that reverse

marsupialization, involves creating a
the process of cyst expansion, yielding a relatively
smaller lesion that could be removed with minimal

or no harm to the surrounding structures. **#

The last treatment modality was recommended
for lesions exceeding 2 cm in diameter because of
the increased risk of infection, wound dehiscence
due to retraction of the formed blood clot away
from the bony walls. Bony defects exceeding 2.5
cm are critically sized bone defects, as concluded
by Emil H. Schemitsch °, and tend to have poor
natural healing, which led some authors to use
gelatin sponge and thrombin to stabilize the blood
clot °. In the following decades, different grafting
materials were investigated for efficiency as filling
materials for the cyst cavity following enucleation
regarding infection rate reduction, accelerated
healing of a better quality bone, and a reduced soft
tissue collapse into the bony defect. Autogenous
bone is the gold standard. " However, it costs an
extra donor site morbidity and a longer surgical time
for harvesting. The bones harvested from the iliac
crest, the mandible, and the tibia were investigated
by Holtgrave and Spiessl '°, Mi Hyun Seo et al. !',
and Fethi Atil %, respectively.

Studies were conducted to determine the most ef-
ficient bone substituting substance. Bone substitutes
are used to avoid or minimize the common compli-
cations associated with harvesting autogenous bone,
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beta-tricalcium phosphate (f3-tricalcium phosphate)
was mixed with blood and used alone Bicsédk et al.
13 or with the addition of autogenous bone as tried
by Horch et al. ' Also, nano-hydroxyapatite was
used by Gerlach and Niehues."” It has a chemical
composition resembling bone and teeth, which al-
lows it to release calcium and phosphate ions that
bind to the surrounding bone in addition to being
a scaffold that is invaded by bone growth. '® Xeno-
graft mixed with red bone marrow was investigated
by Horowitz and Bodner °, he found that the graft
was incorporated incompletely after six months. Af-
ter one year, it was fully incorporated; however, in
some cases, it was more radiodense than the sur-
rounding bone, the same density of the surrounding
bone was reached after two years.

Bioactive glass is a resorbable, synthetic
bone substituting material with osteoconductive,
osteoinductive, and bone binding potentials. '7'® Tt
induces the formation of a silica-rich layer covered
by calcium and phosphorous layers on its surface,
promoting collagen adhesion, osteoprogenitor cells
differentiation '**2, and acting as a biodegradable
framework for the bone to grow on. '*? Promising
results were encountered upon its employment in
the management of osteomyelitis and un-united
fractures. ?' It has also been used in maxillary sinus
grafting solely in rabbits first >, then it was mixed
with autogenous bone and used for grafting after
maxillary sinus floor elevation in a study performed
by J. Menezes et al. in 2018 '8, and the results were

also promising.

The gold standard bone graft should possess
the three cardinal characteristics of autogenous
bone, osteogenicity,  osteoinductivity, and
osteoconductivity. The osteogenic property is
present only in autogenous bone, so a growth factors
rich substance may be added to compensate for the
lack of osteogenic potential. The best examples are
the growth factors rich platelet derivatives, such
as platelet-rich plasma (PRP), platelet-rich fibrin
(PRF), and fibrin-rich gel with concentrated growth

factors (CGF) that were used to enhance and speed
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up new bone formation in sinus floor elevation and

guided bone regeneration. >~

Hence, this study aimed to investigate the
osteogenic capabilities when a bioactive glass is
mixed with platelet rich fibrin containing growth
factors and used as a sticky bone to fill bony defects
following enucleation of maxillary cystic lesions
exceeding 2 x 2 cm in diameter.

MATERIALS AND METHODS

This study was conducted in the department of
oral and maxillofacial surgery, faculty of dentistry,
Cairo University and was compliant with the
Declaration of Helsinki (revised in 1975), and with
CONSORT (Consolidated Standards of Reporting
Trials) principles and the regional ethical review,
the board approved the study. All patients were
provided an informed consent and agreed to sign.
The inclusion criteria for patient selection were;
maxillary cystic lesions exceeding 2 x 2 cm diameter,
affecting healthy patients without systemic or local
diseases. Exclusion criteria included a history of
systemic disease that may complicate bone healing
and graft integration, bone metabolic disorders, a
history of radiotherapy or chemotherapy.

The recruited patients were interviewed to
obtain a thorough medical history, previous dental
history, and chief complaint history. During the
clinical examination, an aspiration biopsy was
done to determine the nature of the lesion being
a cyst. A preoperative digital orthopantomogram
was requested to exclude other missing underlying
diseases (Fig 1). Then an incisional biopsy was done
to know the nature of the cystic lesion. According
to the biopsy report, patients with lesions that will
need bony resection as a definitive treatment were
excluded.

Twenty four patients were selected, 14 males
and 10 females with ages ranging from 26 to 45
years. They had maxillary cystic lesions exceeding
2 x 2 cm and were free from any systemic diseases
(table 1).
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Fig. (1): Preoperative Orthopantomogram with the measure-

ments of the cystic cavity.

TABLE (1) The Demographic Data of the patients.

Group 1 Group 2
Patients 12 12
9 males | 3 females | 5 males | 7 females
Age range 27-45 22-45

Study design and Randomization

Patients were randomly divided into two equal
groups using a computer permuted block stratified
randomization generator (randomization.com).

In group 1, the cyst was enucleated, followed
by immediate grafting of the defect using bioactive
glass (Noraker, Lyon, France). While in group 2,
five males and seven females received a sticky bone
prepared from the bioactive glass to and used to
obliterated the defect.

Surgical procedure

Under local anesthesia (ARTINIBSA 40mg Ar-
ticaine hydrochloride / ml + 0.01mg Epinephrine /
ml injectable solution, Inibsa Dental S.L.U., Ctra.
Sabadell a, Granollers, Km 14,5 (C-155), 08185
Llica de Vall (Barcelona) Espafia), the patients were
seated comfortably and given infraorbital nerve
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block and a palatal block anesthesia as recom-
mended to anesthetise the area of the cyst. A sul-
cular incision was then commenced extending two
teeth beyond the area of interest, followed by two
oblique incisions on either side of the flap. A full-
thickness mucoperiosteal flap was raised, uncover-
ing the buccal bone, which in all of the cases was
thin enough to be breached and removed, exposing
the cystic lining. The bony opening was then ex-
tended enough to provide adequate accessibility be-
fore the lesion was enucleated entirely, followed by
peripheral ostectomy using a large-sized rose head
bur after resecting the root ends of the related teeth
or extracting them if needed to ensure total removal
of the lining (Fig 2A).

The defect was obliterated using bioactive glass
particles in the first group of patients. In the second
group, a sticky bone was prepared from the bioactive
glass and used as a filling material (Fig 2 B, C).

To prepare the sticky bone, 20 to 40 CC of the
patient’s venous blood was withdrawn, injected
into an even number of non-coated vacutainers
(yellow cap), and centrifuged at 2400 — 2700
RPM for 2 minutes in a special centrifuge with a
rotor turning with alternating and controlled speed
(Medifuge, Silfradent Srl, Sofia, Italy). The upper
layer containing the autologous fibrin glue (AFG)
was withdrawn with a syringe and injected over the
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bioactive glass, left for 8 — 10 minutes to coagulate,
forming sticky bone (Fig 2C).

The enucleated lesions’ lining was placed in a
10% formalin solution and sent for histopathological
examination. Furthermore, the wound was closed
primarily using vicryl 3/0 (Assut, Switzerland).
A postoperative antibiotic course of amoxicillin
+ clavulanic acid 1 g tab (Augmentin, Galaxo
Smith Kline, Cairo, Egypt) was prescribed for one
week and Ibuprofen 600 mg tab (Brufen, Kahira
pharmaceutical and chemical industries, Cairo,
Egypt) twice daily for one week. One shot of
dexamethasone 8 mg vial (Sigmatic, Cairo, Egypt)
was administered intramuscularly immediately after
the surgery together with ketorolac tromethamine
30 mg (Ketolac, Amriya pharm, Alexandria, Egypt).

Postoperative instructions of ice packs applica-
tion for 15 minutes every 30 minutes during the first
24 hours were given and replaced by warm fomen-
tations with the same rate for the next two days. A
soft diet was recommended for the first forty-eight
hours. Strict oral hygiene instructions and chlorhex-
idine mouth wash (Hexitol; ADCO Pharma, Cairo,
Egypt) was used three times daily for 15 days start-
ing from the second postoperative day. An imme-
diate digital panoramic radiograph was requested
to be done by the same radiologist using the same
machine to deduce the baseline bone density in the

Fig. (2) A: Clinical photograph of the resulted surgical defect after cyst enucleation, B: Clinical photograph of filling the resulted
surgical defect with Bioactive bone glass (Group 1), C: Clinical photograph showing the Bioactive glass sticky Bone prior
to its use in filling the resulted surgical defect (Group 2).
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Fig. (3) A: Immediate Postoperative Orthopantomogram, B: 3

months Postoperative Orthopantomogram, C: 6 months
postoperative orthopantomograms (Group 2).

grayscale units for the grafted site. It was repeated
at 3 and 6 months postoperative (Fig 3A, B, C).

All digital radiographs were taken with the
same machine and the same parameters to provide
standardization of images. Radiodensitometric
analysis was obtained by measuring the relative
bone density using the sigma view, Digora software
in Gray Scale Units (GSU) (Fig. 04). The obtained
measurements were documented and sent for

statistical analysis.

The patients were recalled after two days, after
one week, at the end of the first month and then
at three and six months to monitor the soft tissue
healing where the sutures were removed after one
week, then at the third and sixth months to evaluate
the bony healing.
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Fig. (4): Photograph showing the screenshot of the bone density
measurement from orthopantomogram using Digora
software.

Statistical methods

The statistical analysis implemented data analy-
sis using IBM SPSS. (Statistical Package for Social
Sciences, Version 22. SPSS Inc., Chicago, IL). The
numerical data were described as means and stan-
dard deviations, which examined for normality us-
ing the Kolmogrov-Smirnov test. The paired student
t-test compared the two variables within the same
group. The independent samples t-test compared the
variables between the two studied groups. The re-
sults were considered statistically significant if the
computed p-value counted than 0.05.

RESULTS

The current study was conducted on twenty four,
14 males and 10 females patients, ranging from 22 to
45 years old, with a mean age of 33.5. According to
the standard techniques, all the cysts were surgically
enucleated, and the resulting surgical defects were
grafted using the bioactive glass, and bioactive glass
sticky bone, according to the study groups. All the
patients were included for statistical analysis. Data
were reported as mean + standard deviation.

Clinical results

Intraoperatively, the surgical elevation of the
buccal flaps went smooth in all of the cases. The
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cysts were completely enucleated with surgical
defect obliteration utilizing the examined materials
with adequate unstretched complete soft tissue
coverage for the bony defects.

The healing went uneventful through all the
cases. All the patients complained of postoperative
edema and swelling on the surgical site that resolved
at the end of the first postoperative week. The
patients suffered from pain that was controlled by
the prescribed NSAID drug.

At the 48 hours follow up, Two patients in group
1 reported a feeling of escape of the grafting material
into the oral cavity; checking the flaps revealed the
escape of some graft particles from the gingival
incisions that were related to extracted teeth during
enucleation, the patients were instructed to follow the
prescribed oral hygiene protocol strictly. However,
the surgically reconstructed defects did not show
postoperative infection nor wound dehiscence or
graft rejection throughout the healing phase. After
resolving the postsurgical phase’s signs, none of the
patients exhibited any complaint during the whole
study interval.

Radiodenisty results

For Group 1, the mean value of the bone
density measured immediately postoperatively
was 137.92+35.53 GSU. By the end of the third
month, it was reduced to 106.55+40.67 GSU. At six
months postoperatively, it reached 122.65+33.35
GSU. The bone density decreased by 17.6% at three
months’ interval then increased by 14% by the end
of the study, with a total decrease in bone density
by 5.3%. For Group 2, the mean value of the bone
density measured immediately postoperatively
was 131.78+21.27 GSU. By the end of the third
month, it was reduced to 126.42+28.22 GSU. At six
months postoperatively, it reached 138.05+14.77
GSU. The bone density decreased by 4.5% at three
months, then increased by 8.7% at the end of the
study, with a total increase in bone density by
4.5 %. (Fig 5).
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TABLE (2) Showing the t-test results and the p-value
comparing the three groups.

T-Test P-Value Significance
Between G1-G2 .
. . 0.846170198 Not Sig
immediate postop record
Between G1-G2 .
0.179986149 Not Sig
3 months’ record
Between G1-G2 .
0.16399939 Not Sig
6 months’ record

Comparing all groups along the whole study period, there
was a nonsignificant statistical difference in the grayscale
measurement.

Gray Scale Unit (GSU)

130 = 182 &
120 107
100
80
60
40
20
0
G1 G2
L mAfter 1Month ~ mAfter 3Month  m After 6 Month )

Fig. (5): Diagram Showing the mean bone density for all groups
along the entire study period.

DISCUSSION

Bony defects that reach the critical size are not
going to heal spontaneously. That is why they are
considered clinically problematic. In large defect
sizes, the formed blood clot will disintegrate and
retract or be superimposed by infection. Moreover,
a contour defect arises from the collapse of the
surrounding soft tissue into the cavity. Grafting of
critically sized surgical bony defects may eliminate
or reduce all these potential complications. >% Since
alloplasts demonstrated effectiveness in treating
postoperative bone defects as suggested by many
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authors 72%, the present study aimed to investigate
whether optimum osseous healing could be achieved
with autogenous bone substitutes.

Among the variety of available substitutes now-
adays, bioactive glass has been widely investigated
for its biocompatibility, bone binding properties,
and acting as an osteoconductive scaffold. Besides,
it possesses an osteoinductive potential inducing
and speeding up bone formation in the area of inter-
est. It was praised by Fetner et al. ** for its work-
ability, convenient handling, and hemostatic prop-
erties when he used it in periodontal defects and
called it PerioGlas. Schepers *' in 1991, Furusawa
32in1998, Froum ** in 2002, and many other authors
161928 discussed the advantages of using bioactive
glass in surgical defects and recommended its use.

In the present study, the defects were all located
in the maxilla to standardize the results. The
defects’ size was regarded as critical, being more
than 2 x 2 cm in all the cases. Hence it was indicated
for grafting. >2*?7 All the recruited patients were
medically free, which eliminated any underlying
systemic condition that may affect healing. As
recommended in the literature, aspiration biopsy
was done before any intervention to determine the
nature of the contents. *

The decision to enucleate the cystic lesions
was a recommended radical means of treatment
to allow the complete histological examination of
the full lining and eliminate the need for a close
postoperative follow-up in the marsupialization
technique. This was preceded by a root canal
treatment of the related teeth as recommended in

the literature. 33

The application of the bioactive glass sticky
bone form in group 2 is easy and convenient than
the bioactive glass alone; this is due to the sticky
effect of the grafted material that allow to insert it
in a bulk form rather than particulate form. Thus the
sticky bone form is convenient during its applica-
tion due to the superior workability. The healing
went uneventful through all the cases, except for

(1905)

the exfoliation of the graft particles (popcorn effect)
that was reported in the group 1 but not in group 2,
which comes in favor of the bioactive glass sticky
consistency in that study group. All that in addition
to the accelerated bone and soft tissue healing are
advantages that come in accordance to Sohn et al.
in 2015. %

In both groups, bone density changes were mea-
sured using direct digital radiography (DDR) at the
specific follow-up appointments, immediately, three
then six months postoperatively. DDR facilitated
the detection of both the qualitative and quantita-
tive changes of bone density. Barbet and Messer
3 stated that it is more accurate and sensitive than
conventional radiography, and on the other hand, it
offers less radiation exposure than cone-beam com-
puted tomography.’” Radiodensitometric analysis
was obtained by measurement of the relative bone
density using the sigma view, Digora software.

The documented data were tabulated as mean
and standard deviation and sent for statistical
analysis. The computerized image analysis system
was an appropriate tool for detecting changes in
bone density as it provides numeric values for the
progression of the healing process. This goes with
the results stated by Delano et al. in 2001. %

A postoperative  orthopantomogram  was
requested immediately postoperatively, after three
months and after six months. The bone density
measurements revealed a nonsignificant reduction
in bone density after three months. Although it
is nonsignificant, it can be justified due to the
phagocytosis process in the graft core, osteoid
formation, and the released silicon rich layer that is
readily absorbed and excreted. However, in the six
months investigation, the density increased again in
both groups, which is explained by the recruitment
of osteoblasts, mesenchymal cells and the additional
crystallization of the layed down bone matrix thus
increasing the radiodensity. This is facilitated by the
precipitated layer of calcium and ohosphate over the

silicon rich layer. ¥
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The statistical results are insignificant along the
study period comparing both groups, but regarding
the percentage of bone density change; group 2
showed a less percentage in change in the three
months interval compared to group 1 but both of
them showed nearly the same increase in percentage
of bone density change. This might be due to the
immediate and early effect of the growth factors
and interlukins in the sticky bone which improves
its radiographic properties in group 2 than in group
1, thus the sticky bone preparation has a resultant
higher bone density regarding the three months
bone density.

CONCLUSION

The bioactive glass prepared as sticky bone
has better intraoperative handling and workability,
better soft tissue reaction during the healing period,
and higher bone density values of the grafted
defects than when used solely although it hasn’t any
radiographic statistical significant results regarding
the studied parameters.

Recommendations

Bioactive glass prepared as sticky bone is
recommended for grafting critically sized surgical
bony defects over its use in a particulate form due
to its better clinical handling, biocompatibility, soft
tissue reaction, and the higher density of the formed
bone specialy in the early healing phase.

Further studies are recommended for a
histomorphometric analysis of the grafted area to
better investigate grafted site histology in different

timelines and the bone area percent.
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