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Osseous Regeneration of Mandibular Defect:

An Animal Study using DXA
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ABSTRACT

Introduction: Increasing bone quality and quantity in the
areas with insufficient bone volume is a major concern among
scientists. Ideal bone substitute materials should have osteo-
genicity, osteoconductivity, and osteoinductivity. Clinoptilolite
offers bovine deorganified crystalline bone materials, the
advantage of being very similar to human bone with regard
to its pore morphology and crystalline structure. This study
evaluated the effect of adding Clinoptilolite to Bio-Oss on the
osseous regeneration and bone healing process using serial
dual-energy X-ray absorptiometry (DXA).

Materials and methods: A total of 64 rabbits were anesthe-
tized and a bone defect was created on both semi-mandibles.
The rabbits were divided into four equal groups: A (Bio-Oss®);
B (Bio-Oss® with 2% Clinoptilolite mixture); C (allograft); and D
receiving no treatment. The bone healing response of animals
was tested after 2, 14, 30, and 60 days.

Results: Statistical analysis showed significant differences
at time intervals before 14 days between allograft and other
groups (p<0.05). In all the defects filled with the tested mate-
rials, bone formation was observed subjectively. At 30- and
60-day intervals, there were no significant differences between
allograft and Bio-Oss with 2% Clinoptilolite group (p=0.052
and p=0.260 respectively) although it was significant in 2- and
14-day intervals.

Conclusion: Clinoptilolite (2%) can be used to improve the
osteoinduction property of bovine deorganified crystalline
bone material. Clinoptilolite can be suggested as a potential
material added to bone substitute materials due to its porous
structure and buffering capacity and adsorption of a number
of serum components which aids the osseous regeneration
and healing process.
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INTRODUCTION

Bone regeneration and augmentation is a prerequisite
in the field of implant dentistry for placing root form
implants with long-term durability, which includes a
valid surgical procedure for increasing bone quality and
quantity in the areas with insufficient bone volume.?
Osteogenicity, osteoconductivity, and osteoinductivity
are ideal characteristics of a biomaterial used for stimulat-
ing the osseous regeneration'?; further, achieving an ideal
material to substitute bone has been a concern among
researchers. The integrity characteristics of calcium
phosphate-based materials depend on several elements
including the chemical constituents and physical proper-
ties like the crystal structure and environmental pH value
of the surrounding tissues.>* Bone substitute materials like
bovine deorganified crystalline bone material (Bio-Oss)
should be gradually absorbed and replaced by vital bone
tissues.”” Bio-Oss is deproteinized bovine bone xenograft
that has small particle size (1 mm average particle size),
resulting in significantly high surface area and high
calcium release rate (9.8 mg/gm); further, its rough topo-
graphy assists in osteoblastic anchorage and proliferation
and synthesis of bone matrix on its surface.>'° Bio-Oss
has been shown to be similar to the hydroxyapatite (HA)
of human bone as they contain a calcium/phosphate pro-
portion that is similar to bone HA.? The use of Bio-Oss in
sinus elevation, ridge augmentation, repair of furcation
defects, and repair of vertical intrabony defects has been
claimed to be successful.'*?

Clinoptilolite, belonging to the aluminosilicate mate-
rials, is known as a biocompatible material with perfect
molecular structure for capturing heavy metal adsorption
capacity from the body without removing useful ions
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and minerals and has a significant buffering capacity."!°

Zeolite is a significant growth promoter and transporter
of a number of macro- and microchemical elements, such
as calcium, potassium, and sodium that can increase
the content of macro- (Ca, K, Na) and micro-elements
and enhance mineral metabolism in the tissues and the
organs.®

Clinoptilolite offers bovine deorganified crystalline
bone materials the advantage of being very similar to
human bone with regard to pore morphology, porosity,
and crystalline structure. Zeolites have large empty
spaces that can accommodate large cations, molecules,
and cationic groups. The presence of pores in bone graft
biomaterials has been shown to be important for repair-
ing osseous defects, favoring osteoconduction through
osseous growth inside the pores.”’® Besides the porous
structure and buffering capacity, an added advantage is
that clinoptilolite microtopology provides a large hydro-
philic surface area that is widely accepted to provide better
cellular adhesion for osteoblasts during bone formation
and crystalline HA surface that is conducive to faster
osteoblast proliferation and differentiation, which are
important for stimulating the bone healing process.'”

Bone mass is an important factor in measuring the
quality of the bone.?! The most common method of mea-
suring bone mass is called dual-energy X-ray absorptiom-
etry (DXA), which is a reliable and noninvasive method.
Dual-energy X-ray absorptiometry has been modified
for application in small mammals, facilitating the use of
animals in longitudinal studies to quantify bone mass
changes. In fact, it is an accurate tool for determining bone
mineral density (BMD) in animal models.?%?

In accordance with this, the present study was an
attempt to use trace additive, Clinoptilolite, to amend
bone substitute material properties in order to achieve
an ideal one. The hypothesis tested was to examine the
effect of adding Clinoptilolite to Bio-Oss bone material
during bone regeneration and healing process by using
DXA measurement.

MATERIALS AND METHODS

A total of 64 healthy 6-month-old mature male Dutch
rabbits (n=64), weighing 2500200 gm, were selected.
This study was conducted in accordance with the guide-
lines and approval of ISO 10993-2.% The research protocol
was approved by the Research Ethics Committee of Kamal
Asgar Research Center (protocol no. KARC/65A2012-21-6).

The rabbits were divided into four experimental
groups. Each group was subdivided into four subgroups
with four animals in each subgroup based on the defect
filled by A (Bio-Oss® — Geistlich Biomaterials, Wolhusen,
Switzerland) as clinically available group; B (Bio-Oss®

with 2% Clinoptilolite — Bear River zeolite Co., CA, USA)
as the experimental group; C (allograft collected with
bone collector system, Aspeo Bone Collector, Anthogyr,
France) as golden standard group; D, received no treat-
ment and served as the control group.

Gamma ray was used for sterilization of clinoptilolite
before adding to bone substitute material base on ISO 7405.
The gamma process does not create residuals or impart
radioactivity in processed products. This part of the
study was similar to that of a study by Saghiri et al.*®
As explained briefly, the rabbits were anesthetized
with intramuscular injection of 10% ketamine (Alfasan,
Woerden, the Netherlands) at a dose of 44 mg/kg and 2%
Xylazine (Bayer, Munich, Germany) at a dose of 8 mL/kg.
Local anesthesia was administered by infiltration of
approximately 0.25 mL of 3% lidocaine. The hair on the
skin around the ventral surface of the mandible and neck
regions was shaved and the skin was prepared, followed
by aseptic surgery. A 3-cm incision was made on the
ventral surface of the mandible to expose mandibular
symphysis. A bone defect was drilled into the mandible
of each animal using a round carbide bur in a high-speed
handpiece under continuous sterile saline solution irriga-
tion. A bone defect with a dimension of 7x1x1 mm was
created on both semi-mandibles.

The bleeding in defect site was controlled and irrigated
with normal saline after drying the site; the materials
were mixed according to the manufacturers’ instructions
and directly placed in the osseous defect cavity. In the
control group, the bone defects were left to heal naturally
without application of any external material. All the other
parameters of placement, including mixing, length, and
packing, were kept consistent. The incisions were then
closed with 3-0 silk sutures; flunixin (0.15 mg/kg) as an
analgesic drug and penicillin (22000 IU/kg) were injected
for 3 days. The animals were subjected to the same diet
and environmental conditions.

The animals in each group were sacrificed 2, 14, 30, and
60 days after surgery by keeping them in a 70% carbon
dioxide chamber for 5 to 10 minutes. Subsequently, the
animals’ semi-mandibles were removed and embedded
in 10% buffered formalin. Dual-energy X-ray absorpti-
ometry scans were performed with a Hologic WI bone
densitometer with the serial number of #84107 (Bedford,
Massachusetts, USA), which was calibrated daily in
accordance with the manufacturer’s recommendations. To
measure BMD using DXA, the specimens were positioned
centrally at the bottom of a cubic thin-walled plastic con-
tainer filled with water up to a height of 8 cm, as shown
in Figures 1A and B. After a semi-mandible was sunk in
the container, the device was set for starting the test. The
regional high-resolution mode of the small animal scan
protocol (scan field 1.0 [width]x 1.2 [height] cm?, a scan
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Figs 1A and B: Hologic WI bone densitometer device. A semi-mandible was sunk in the cubic thin-walled plastic filled with water
up to a height of 8 cm and the device was set for starting the test: (A) The red arrow shows position of the plastic container, (B) the
device setting applied on software before starting the test
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Graph 1: The means and standard deviations of BMD data and the
significances for all the experimental groups. Significances between
groups at time intervals are specified by symbols

time of 3 minutes) was used. The mandibular bone density
of the rabbits was measured and compared in each group.
All DXA measurements and analyses were performed
by the same operator, who was kept blinded during the
analysis. Data were analyzed using two-way analysis
of variance, followed by Tukey test, to determine any
significant differences between groups at different time
intervals. Statistical significance was defined at p <0.05.

RESULTS

The means and standard deviations of BMD results in
2-, 14-, 30-, and 60-day-old specimens are presented
in Graph 1 (significant differences are specified with
symbols). In all the defects filled with the tested materi-
als, bone formation was observed subjectively. These
results demonstrated a consistent increase in BMD values
during the time period. There were significant differences

between allograft group and other groups at time period
before 14 days (p <0.05). At 30- and 60-day intervals there
were no significant differences between allograft groups
and Bio-Oss with 2% clinoptilolite groups (p=0.052 and
0.260 respectively). However, there were still significant
differences between allograft groups and other groups
(p<0.05).

DISCUSSION

In the present study, 2% clinoptilolite was used as an
additive to the tested bone substitute material in order
to evaluate the effect of this substance on osseous regen-
eration of the base material in an animal study model. In
this study, the methodology was approved previously®®
and all the animals survived the follow-up period and no
complications were noted due to the surgical procedure.
In all the defects filled with the test materials, bone for-
mation was observed subjectively.

A pilot study was conducted to ensure that clinoptilo-
lite does not react with the base of bone cement and might
not form any new material in accordance with the XRD
patterns from different mixture percentages. However,
distinguishing the low percentage of clinoptilolite was
difficult, and hence, low step size was selected to increase
accuracy and intensity of the peaks. In XRD patterns up
to 2% clinoptilolite mixture, new peak was not observed;
only the XRD patterns of base material and clinoptilolite
could be detected. Whenever more than 2% clinoptilolite
was added to the base material, peaks of clinozoisite,
which occurred as a new phase and formed as result of
reaction between clinoptilolite and base material, started
to intensify and could be detected. Based on the findings
of the pilot study, 2% Clinoptilolite was selected as a
reliable amount of mixture to avoid any possible adverse
reactions.
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The intake of calcium supplements is highly recom-
mended for bone healing processes. However, the
source of calcium plays an important role in the amount
of calcium, i.e., assimilated into bone. The presence of
pores in bone graft biomaterials has great impact on
repairing osseous defects, favoring osteoconduction
through osseous growth inside the pores.””!® Clino-
ptilolite can enhance bone osteoinduction and osteo-
conduction properties due to its porous structure and
hydrophilic surface. According to previous studies, a
desirable characteristic of bone substitute materials
is their ability to be remodeled, i.e., the biomaterial is
absorbed by osteoclasts and is replaced by newly formed
bone through osteoblastic activity.?”?® Clinoptilolite
microtopology provides a large hydrophilic surface area
for cell adhesion, which results in faster osteoblast prolif-
eration and differentiation.”?’ The results of the current
study indicate that adding clinoptilolite as a trace additive
increases the hydrophilic surface area and osteoblastic
activity, which in turn results in high amounts of newly
formed bone and osteoinduction property of bovine
deorganified crystalline bone material.

The production of lactic acid under anaerobic condi-
tions in an energy-deficient environment contributes
to the acidic microenvironment, resulting in lower pH.
This decrease in pH is expected to influence the surface
charge of biomaterials like HA and its derivatives. In
healthy tissues, this pH value is in the range of 7.35 to
745. Whenever clinoptilolite is introduced into the body,
it buffers the system toward slightly alkaline pH values
(7.35-745), which is a perfect buffer for the optimum pH
for the human body. The results of current study showed
that the addition of clinoptilolite with its buffering capac-
ity would amend bone healing of Bio-Oss by increasing
the pH of surrounding tissue environment to optimum
pH value.

In all time intervals except the 2-day period, BMD of
Bio-Oss group was lower than that of Bio-Oss group with
2% clinoptilolite, although there was no significant dif-
ference between these groups at any other time intervals.
This revealed improvements in the effectiveness of the
new material to promote new bone formation over time.
The results of the current study showed bone healing in
Bio-Oss group over time, which is consistent with the
findings of other researchers.'**

In all the tested groups, except the allograft group, an
increase in BMD data was recorded over time, although
the allograft group’s response was better than the other
groups as expected. The immediate reaction of the
allograft group results in the highest BMD among test
groups and this is not affected by passing time on place-
ment site.

The negative control group exhibited significant dif-
ferences from the other test groups at all time intervals.
At short intervals (2 and 14 days), Bio-Oss with 2%
clinoptilolite exhibited significant differences from the
allograft group, but at 30- and 60-day intervals, there
were no significant differences between these two groups.
This increase in BMD results of Bio-Oss with 2% clino-
ptilolite group might be attributed to an interconnecting
pore system introduced by clinoptilolite that allows bony
ingrowth and solid integration within the transplanta-
tion site and also adsorption of some serum components
and influences on ion-exchange kinetics. This will lead
to further researches of this material in animals and
humans for a deeper understanding of the properties
and possibilities that this trace additive might bring into
the field of bone healing materials.

CONCLUSION

The end goal of tissue engineering is to develop products
capable of healing diseased or lost tissues and organs.
Periodontal regeneration is considered to be organically
promising but clinically capricious.*

The results of the present study showed that 2%
clinoptilolite can be used to improve the osteoinduc-
tion property of bovine deorganified crystalline bone
material. This additional substance can be suggested as
a potential material added to bone substitute materials
due to its porous structure and buffering capacity, and
adsorption of a number of serum components which aids
the osseous regeneration and healing process.
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