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Effect of osteoblast cell culture on the bone implant contact
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Abstract

Purpose. The aim of this study is to acquire an ideal bone implant contact under the cover of osteogenic effect of
osteoblasts derived from Mesenchymal Stem Cells (MSCs). Materials and methods. Thirty dental implants were used
for this study. Implants were placed in sheep mandibles and defects were created 4 mm coronally in the dental implants. These
defects were filled with Platelet Rich Plasma (PRP) in one group and with PRP + Osteoblast Cell Culture (OCC) in another
group. No procedure was conducted on the control group defects (empty defect group). Eight weeks later, osseointegration
was investigated with Bone Implant Contact (BIC) measurements histomorphologically. Data were checked statistically.
Results. The variation of BIC rates between Empty Defect Group and PRP groups was significant (p <0.05). The BIC rate of
the PRP group was higher than that of the Empty Defect Group. The variation of BIC rates between Empty Defect Group and
PRP + OCC groups was significant (p <0.05). The BIC rate of the PRP + OCC group was higher than that of the Empty Defect
Group. The variation of BIC rates between PRP and PRP + MSC groups was significant (p<0.05). The BIC rate of the
PRP + OCC group was higher than that of the PRP group. At the end of the 8-week healing period, it was observed that the
percentage of BIC was highest in the PRP + OCC group. Conclusions. Implant-bone connection was better in the
OCC-PRP group compared with the PRP group and the empty defect group. The use of OCC-PRP combination was effective
on healing. The BIC value was increased significantly by OCC.
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Introduction

The use of pure titanium implants has been stated in
the literature for prosthetic rehabilitations of the
edentulous alveolar crest by Branemark et al. [1] in
1969. It has been mentioned that implant materials
and surface topography are critical factors which
effect Bone Implant Contact (BIC) [2,3].

Anabolic agents such as recombinant bone morph-
ogenic protein (rhBMP2), Mesenchymal Stem Cell
(MSC) and parathyroid hormon (PTH) were used in
order to increase the quantity of osseointegration and
shorten the healing period [4,5]. MSCs originating
from bone marrow are the precursor cells of mesen-
chymal cells. These cells are derived easily. MSCs are

differentiated to osteoblasts, chondroblasts, tenocites,
adiposites, muscle cells or neural cells in n-vivo or
m-vitro media [6,7]. Much of the current literature
points out that the MSCs derived from bone marrow
have advantages in treatment of cranial defects and
increase osseointegration between the dental implant
and bone [8,9].

Platelet Rich Plasma (PRP) is used with MSC as a
source for growth factor and structure framework in
different tissue engineering procedures [10,11]. PRP
contains autologous thrombocyte growth factors and
might be promising for acceleration of bone regener-
ation [12,13].

The aim of this study was to evaluate the effective-
ness of Osteoblast Cell Culture (OCC) and PRP on
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bone healing and osseointegration in the defects
experimentally created around the dental implant.

Materials and method

Thirty dental implants were used for this study.
Implants were used in five male sheep, each having
a body weight of ~ 40 kg. An essential animal ethic
report was received from Ondokuz Mayis University,
Animal Ethical Committee. Sedation was perfor-
med with a combination of Xylacine hydrocloride
Xylazine hydrochloride (Rompun®, Bayer, istanbul,
Turkey) 2 mg/kg IM and Ketamine (Alfamyne®,
Egevet, Izmir, Turkey) 20 mg/kg IM. Isoflurane
(Forane Liquid Abbott. Illinois, USA) was used
for general anesthesia. Six dental implants mea-
suring 3.3 mm in diameter and 8 mm in length
(Straumann; Basel, Switzerland ) were placed extra-
orally to the mandibular corpus bilaterally in each
sheep. In order to obtaine primer stabilization, an
8 mm implant socket was prepared with a 2.8 mm
diameter final drill. Then, circumferential defects
were created coronally 4 mm with a 4.1 mm diameter
drill in the same socket.

The study groups were as follows: Group 1: Served
as a control group and implants were placed. No
procedure was conducted (empty defect group).
Group 2: Defects were filled with PRP. Group 3:
Defects were filled with PRP + OCC.

Mixtures were prepared to fill defects completely
and the neck of the implant inserted was wider than
the body of the implant. Because of the mechanical
barrier provided by the implant neck, a membrane
was not used. After surgery, antibiotherapy was
performed with Amoxyciline + Clavulonic acid
(Synulox, Pfizer®, Turkey). Eight weeks later, osseo-
integration was investigated with BIC measurements
histomorphologically.

Culturation of MSC

The bone marrow was inspired to 10 ml with a
heparin syringe from sheep iliac bone. Then it was
diluted in a 1:1 proportion with Phosphate Bufferred
Saline (PBS) and Mononuclear cell (MNC) separation
was performed in a centrifugation tube with ficoll
(1.007 g/ml) according to the density gradient
methods. To this end, two units of ficoll were added
to one unit content of bone marrow with 45° inclina-
tion and centrifugated at 800 g rpm for 20 min. At
the end of the centrifugation, the MNC layer was
gathered with a pipette on the bottom of the centrifu-
gation tube. The MNCs samples were washed with
PBS twice and centrifugated for removal of ficoll from
the cell layer. MNCs which were present at the bottom
of the centrifugation tube were suspended with 20%
of fetal calf sera (FCS) and DMEM with 1% of the
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antibiotic suspension (Sigma Si1p4333), then MNCs
were cultured in a cell culture flask under standard
culture conditions (incubation at 37°C, 5% CO, in
air). When MNCs covered ~ 75% of the cell culture
flask, cells were removed from the bottom of the flask
with trypsinization (SIT4174-Trypsin-EDTA Solu-
tion). This method was performed until a significant
amount of cells were gathered.

Osteogenic differentiation of MSC

MNCs were cultured in osteogenic differentiation
media and included 1 uM dexamethasone (Sigma
S1d6645), 10 uM p-glycerophosphate, 0,05 mM
ascorbate and FCS (Fluka F1L.49752) for osteogenic
differentiation of MNCs. Approximately 3 weeks
after the cultivation, differentiation of MNCs was
completed. Osteogenic differentiated cells were
analysed for their alkaline phosphatase activites by
biochemical assays and calcium oxalate accumula-
tion microscopically.

Alkaline phosphatase analyses

Osteogenic differentiated cells culture medium
samples were thawed at 25°C just prior to the assay.
Alkaline phosphatase (ALP) activity of the culture
medium was measured by the p-nitrophenol method
and was based on the principle that the enzymes
hydrolyze paranitrophenyl phosphate to paranitrophe-
nol and phosphate in an alkaline medium. This
method has been formulated in accordance with the
kinetic determination of the ALP. Analysis of the
enzyme activity was performed using a biochemistry
autoanalyser (Autolab, AMS Srl, Selective Access) by
commercial kits (Audit Diagnostics, Ireland) accor-
ding to the manufacturer’s instruction. Analytical
sensitivity of this assay was 2 U/L. The absorbance
was read at 405 nm [14]. All samples were analyzed in
duplicate and results are presented as the average.

Preparation of PRP

The blood taken from the jugular vein of sheep was
placed in a tube which included 4.5 ml anticoagulant
citrate dextrose phosphate (ACDA). The tubes were
centrifugated at 1250 rpm for 15 min and plasma and
platelets were separated from the blood sample. This
plasma and platelets were centrifugated at 4000 rpm
for 10 min in order to separate the platelet from the
plasma. Then PRP was obtained. Platelet concentra-
tion of PRP was 1.5-2.3 x 10°. PRP was then mixed
with CaCl and a gel form was obtained in group II.
PRP and OCC were then mixed with CaCl and a gel
form was obtained in group III. Gel form was useful
for application procedure.
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Histologic evaluation and histomorphometry

All of the sheep were sacrificed. Dental implants
and surrounding bone were obtained. The block
of dental implants and surrounding defects were
placed in a 4% buffered formalin solution for at
least 24 h. For the dehydration procedure all of
the samples were placed in alcohol for 1 day at
70%, 80%, 90%, 96% and 99%, respectively. After
the dehydration procedure, all samples were filtered
under the vacuum and stored in methyl methacry-
late resin for 24 h (Technovit 7200 VLC, Kulzer &
Co, Wehrheim, Germany). After the filtration
procedure, samples were embedded into a clear
plastic cast frized with methyl methacrylate with
no air bubbles. These casts were polimerized for
8 h at 40°C and 450 nm wave light. The flat surface
of the methyl methacrylate blocks was fixed to
periglass panel under the vacuum using Technovit
7210 VLC (Kulzer & CO. GmbH, Friedricksdorf,
Germany). These samples were cut 300 um thick
using a diamond saw connected to a sensitive
cutting device (Exakt 300 CL, Exakt Apparatbau,
Norderstad, Germany). This cutting procedure
was applied longitudinally through the center
of the dental implant. These samples were sliced
to a thickiness of 50 um using 1000, 12 000 and
2500 grid sandpaper with the micro-adhesive system
(Exakt 400 CS, Exakt Apparatbau, Norderstad,
Germany). Two histologic cross-sections were
obtained from each sample. These cross-sections
were stained using toluidine blue as suggested by
the methods of Donath and Breuner [15]. Stained
histologic samples were dried for one night. Then
the surfaces of the samples were covered with a lamel
using methyl methacrylate. Digital images of the
samples were taken using a digital camera (Nikon
L-1 DS5M, Tokyo, Japan) connected to a light
microscope (Nikon Eclipse E 600, Tokyo, Japan)
under 4 x magnification. Then BIC was measured
(Wayne Rasband National Institues of Health,
Bethesda, Maryland USA). The statistical analysis
was performed using SPSS software (version 13.0,
SPSS, Chicago, IL). Histological evaluation was
carried out and bone-to-implant contact rates of

Table I. BIC rates.

histologic samples were calculated. ANOVA test
was used to evaluate the differences between the
BIC rates of each group. P-values («) were accepted
as 0.05 for all statistical analysis.

Results

During the healing period of the study, all implants
osseointegrated successfully.

Histomorphometric analyses

Shapiro-Wilk test was used to ensure the data being
used had a normal distribution. BIC rates of all
groups were calculated.

Mean BIC rate was 31.14 for the Empty Defect
Group, 60.82 for the PRP group and 76.64 for the
PRP + OCC group.

The variation of BIC rates between the Empty Defect
and PRP groups was significant (p<0.05). The BIC rate
of the PRP group was higher than that of the Empty
Defect Group. The variation of BIC rates between the
Empty Defect and PRP groups was 29.68.

The variation of BIC rates between the Empty
Defect and PRP + OCC groups was significant
(p <0.05). The BIC rate of the PRP + OCC group was
higher than that of the Empty Defect Group. The var-
iation of BIC rates between the Empty Defect and
PRP + OCC groups was 45.51.

The variation of BIC rates between the PRP and
PRP + MSC groups was significant (p = <0.05). The
BIC rate of the PRP + OCC group was higher than that
of the PRP group. The variation of BIC rates between
the PRP and PRP + OCC groups was 15.82.

At the end of the 8-week-healing period, it was
observed that the percentage of BIC was highest in the
PRP + OCC group.

Discussion

Bone autogenous, homogenous, xenogene, allop-
lastic, bone grafts, guided bone regeneration and
distraction osteogenesis techniques are used in the
maxillofacial region for reconstruction of the bone
defects [15-17]. The precise effect of graft material

Empty Defect group PRP group PRP + OCC group
Mean average 31.14 60.82 76.64
Confidence interval (95%) 24.51-37.76 58.43-63.20 73.16-80.13
Min BIC rate 16.27 51.53 67.60
Max BIC rate 49.47 71.69 90.93
Min—-Max interval 33.20 20.16 23.23
p-values 0.246 0.999 0.051




within the osteoinductive as the ‘gold standard’ is the
first choice autogenous bone grafts [18,19]. Even if
the iliac bone graft material is considered to be the
best, it causes fibrous healing and osteointegration
weakness around the implant [20].

Stem cells, found in the human body, can turn into
different cells. Development of an i wvizro culture
method previously seen as impossible to replicate in
different cell types has now been made routine [21].
Embryonic stem cells are divided into two catego-
riess, either as developmental or post-natal stem cells
(organ-specific, tissue-specific or adult stem cells
called) [22]. Recent studies have shown that bone
marrow stroma cells can turn into osteoblast, chon-
drocyte, adipocyte, myoblast, hepatocytes, cardiyo-
myozit and neural cells [23]. In order to increase
the osseointegration, MSC was preferred for the
osteoblast cell cultures in our study.

Adult stem cells were obtained from bone marrow,
nervous tissue, muscle, skin, bowel, liver, dental
pulp, periodontal ligament, alveolar bone and extrac-
ted permanent teeth [24-26]. However, organ- or
tissue-specific stem cell properties can affect the
behavior of stem cells. Thus, it is necessary to be
careful in the selection of sources [27,28].

Akintoye et al. [28] stated that MSCs obtained
from craniofacial bone marrow could not have been
supported by an organized hematopoietic marrow as
successfully as cells taken from long bones. Consi-
dering the above-mentioned reasons, in order to obtain
the high quality and quantity osteoblast, bone marrow
aspiration of the sheep iliac bone was preferred in the
present study.

According to the literature there are two adult
hematopoietic stem cells (HSC) and an MSC popu-
lation in bone marrow. HSCs can produce all blood
cells and they can continue self-renewal capacity
thorough life. It has been shown that MSCs sourced
from bone marrow can differentiate into a wide variety
of cells such as osteoblast, chondrocyte, adiposit,
hepatocytes, neurons, astrocytes, tenosit, miyoblast,
epithelial and endothelial cells [29,30].

Due to their easy isolation and their large diffe-
rentiation potential, MSCs have more advantages
in terms of clinical use than other cells. Adult
MSCs (multi-faceted potential) have lower allogenic
immune reaction in addition to a large differentiation
potential. They are ideal for tissue repair and regen-
erations. Adult bone marrow stem cells take place in
most existing applications [22]. OCC differentiated
from MSCs were preferred for dental implant bone
defect repair in the present study.

In bone defects resulting from trauma, osteoradio-
necrouse or tumors; loaded or injected MSCs can
increase osteogenesis in previously identified defects
in the scaffold [31-33]. In many medical applications
in the oral and maxilllofacial region, the stem cell
research has been increasing rapidly [34,35]. Chai
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et al. [36] studied engineered oral mucosa and
suggested that it closely resembled the normal oral
mucosa and showed epithelial attachment on a
titanium surface.

Under the light of the literature, in the present
study we observed that it was not as difficult as we
had thought to obtain osteoblasts differentiated from
bone marrows MSC. Increasing the numbers of
these studies, the major advantage of this application
will become routine. Studies have increased using
platelet-rich plasma (PRP) since it is easier and
cheaper to obtain than bone augmentation use.

The studies in dogs mandibulars, the mixture of PRP
and MSC were compared with PRP, autogenous can-
cellousbone and empty defectby Yamadaetal. [10]. As
a result implant-bone connection was deemed to be
stronger in the MSC-PRP group than in the MSC-
PRP and the cancellous bone mixture group. Accord-
ing to these results, bone formation amount was less in
the empty defect group than other groups. PRP induces
bone formation, but not as much as MSC.

Ohya et al. [37] have identified that the MSC-PRP
mixture is superior than an autogenous bone-PRP
mixture in osteogenesis.

In the present study, implant-bone connection was
better in the OCC-PRP group than in the PRP group
and the empty defect group. The results were in
accordance with the study of Lucarelli et al. [38].
Rabit mandibular defect repair was better in a mixture
of MSC-allogenic demineralized bone group than in
the allogenic demineralized bone group [39].

In hard tissue regeneration; stem cell scaffolds such
as the bioactive HA, B-PRP (B-tricalcium phosphate)
ceramics, glass ceramics and aluminum ceramics,
calcium carbonate and polilactic acid polymers are
used because these materials or artificial cartilage are
sufficient for the production and destruction of bone
bioadaptation [40-42]. However, due to the the lack
of porosities, slow resorption and lack of new bone
osteoinductive features of ceramics, it is difficult to
invase into the defect [10].

Since a jelly-like consistency of the implementa-
tion may be more appropriate in bone defects, stem
cells with scaffold PRP have been used to provide
bone formation in recent years [10,43]. In these
studies, PRP can support MSC’s adhesion, prolifer-
ation and differentiation to bone when MSCs were
used with PRP. MSCs differantiated from bone
marrow include receptors for growth factors within
the PRP. In vitro studies show that adding PRP in
MSCs has yet been demonstrated to increase pro-
liferation significantly [38]. In this study, BIC value
was high and statistically significant in PRP defects
than those with the empty defects. In accordance
with the literature, PRP effected the bone regener-
ation positively in our study.

Carneiro-Campos et al [44] studied the modica-
tions on the titanium implant surfaces roughness may
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promote differences in the morphology of bone
marrow stromal cells. Alves and Wassall [45] con-
cluded that the studied machined implant surface
is biocompatible since it preserved the integrity of
the cultivated osteoblast-like cells. In the present
study, roughened implants were used because of their
effectiveness in bone—implant connection [45].
Implant material and surface topography are two of
critical factors effecting BIC [2-4]. Clinical and
histomorphometric studies observed that surface
roughness is important in implants for better BIC
values [46,47].

It is a primary prerequisite for stabilization that
half of all height implant must be in direct contact
with bone [48,49]. In our study, in order to ensure
the primary stabilization of implants, in accordance
with the literature, implants were placed at half
the height of that portion of the apical 4 mm into
the bone.

The width of the defect around the implant directly
effects BIC values [49]. Ito et al. [5] performed the
same surgical methods in dogs and they used the
MSCs as regenerative agents in the test group at
the 8" week. They found the BIC values to be 53%
[5]. In a similar test study group, Jung et al. [4] had
applied PTH (1-34) as regenerative agents and at
the end of the 12™ week they found the BIC values
between 63.5-67.3%. MSCs increased the BIC values
significantly, as reported by Ito et al [5]. In our study,
using a combination of OCC-PRP was effective on
healing. Implant-bone connection was better in the
OCC-PRP group compared with the PRP group and
the empty defect group. The BIC value was increased
significantly by OCC.

In the present study, implant design and surface
characteristics were the same because the main
gain of the study was to reveal only the osteogenic
effect of OCC. In our study, the effect of combina-
tion of OCC-PRP on healing was obsereved to be
positive. OCCs have increased the BIC value rates
significantly.

As a result, we believe that the present study’s
results will shed light on further studies and current
dental treatment augmentation applications will
develop tissue engineering in the future.
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