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Abstract

Objectives: Early stages of peri-implant bone formation play an essential role in the osseointegration and long-term success of
dental implants. Biological implant surface coatings are an emerging technology to enhance the attachment of the implant
to the surrounding bone and stimulate bone regeneration. The purpose of this study was to determine the effect of coating the
implant surface with fibronectin on osseointegration.

Material and methods: The experiment was conducted on a total of twelve New Zealand white mature male rabbits, weight
between 2.5-4 kg. Twenty four pure titanium implants were used in this study. Each rabbits received two implants, one implant in
each tibia; the implant in the right limb was coated with fibronectin (experimental group), whilst on the contralateral side the
implants were placed without coating (control group). Six rabbits were sacrificed for Scanning Electron Microscopic evaluation
after 4 and 8 week healing periods.

Results: The results of the present study demonstrating the mean gap distance between the bone and implant was greater in
the control group compared to fibronection group at both observation periods however, the difference between these two groups
was not statistically significant.

Conclusion: Thus, it could be suggested that the biological functionalization of dental implants with fibronectin, may influence
the integration or biocompatibility and bonding of the implant to the surrounding bone.
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Introduction

Dental implants are an excellent treatment
option for restoring areas that are missing a
tooth. Dental implants were originally made
with pure titanium, which yields a strictly bio-
inert titanium-oxide surface. However, it takes
a long time (3 -6 months) before this implant
becomes biologically attached to the bone.
Various surface modifications have been
introduced to improve the speed with which
bone attaches to the implant surface and a
(qgoy)v generation of dental implant have emerge.

The new generation dental implants exhibit
a large variation in surface properties including
structural and chemical compositions. The
surfaces have mainly underwent topographical
modification aiming to achieve an enhanced
biological response.

The main methods that are reported in the
literature to create topographical modification
are acid etching, sandblasting, titanium plasma
spraying and hydroxyapatite coating. A current
tendency is the manufacturing of implants with
micro and submicro (nano) topography.
Furthermore, the biological functionalization of
implant's surfaces, by adding biomimetic
bioactive substances to improve its biological
characteristics, has also been recently
investigated. ©

Generally, the bone-to-implant interaction is
complex and does not depend on surface
topography only. Chemical or biochemical
composition of implant surface also plays a ke
role in the early stages of bone formation. & ?
Cell recruitment onto biomaterial surface is a
fundamental step within the multifaceted
process responsible for implant
osseointegration. This process involves
several proteins from the extracellular matrix
(ECM), cytoskeleton and cell membrane. %

ECM proteins have been studied as
potential adhesive scaffolds for bone defect
healing and implant integration. ™ These ECM
polymers include collagen, (1218 fibronectin '*
2 decellularized matrix, “#***  bone
%i;caloprotein, % as well as hyaluronic acid. “®

Fibronectin belongs to a group of high mo-
lecular weight glycoproteins that exist on cell

surfaces. It is found in connective tissues,
basement membranes, and extracellular fluids,
and is known to play a role in cell-to-cell and
cell-to-substrate adhesion, as well as an
important role in osseointegration due to its
capacity to make osteoblasts attach to ECM
components. ?®

Fibronectin is also known to enhance
gingival fibroblast attachment, which has
beneficial effects on healing after implant
surgery and during the maintenance phase by
forming attachments between connective
tissue and the epithelium, which can prevent

Eglgor;wmatory breakdown around the implant.

The purpose of this study was to determine
the effect of coating the implant surface with
fibronectin on osseointegration.

Materials and Methods

Experimental model

This experiment was conducted on a total
of twelve New Zealand white mature male
rabbits weight between 2.5- 4 kg. The animals
were housed in separate cages in temperature
- controlled rooms and were fed on standard
food and had free access to tap water. The
animals were cared for according to the
guidelines of the local Ethics Committee of the
Animal Research at the Faculty of Medicine,
Cairo University, which approved the project
before the beginning of the experiments.

All rabbits received two implants, one
implant in each tibia; the implant in the right
limb was coated with fibronectin (experimental
group), whilston the contralateral side the
implants were placed without coating (control

group).

Coating of implants

Twenty four titanium implants of 4.2 mm in
diameter and 8.0 mm in length (Implantium,
Dentium, Seoul, Korea) were used in this
study. Twelve implants were implanted without
coating in left limb, while the experimental side
was implanted by twelve implants in right limb
after coating with fibronectinas follows: 10ugof



Biological Functionalization of Dental Implants with Fibronectin

fibronectin  (Biochrom, Germany) were
dissolved in 1 ml of 0.9M phosphate buffered
saline, pH 7.2. Then the twelve implants were
incubated for two hours in 300 plof fibronectin
solution. The treated implants were removed
from the coating solutions and allowed to dry
under sterile conditions for 12 hours at room
temperature. ©"

Surgical Procedure

Rabbits were anaesthetized intramuscularly
with a mixture of Xylazine (Chanazine,
Chanelle Pharmacuetical, Ireland) 5mg/kg
body weight and ketamine hydrochloride
(Ketamine, Pharmazeutische Préparate,
Germany) 30mg/kg body weight. Once general
anaesthesia was established, the medial
aspects in the region of the proximal tibia were
shaved; the skin was carefully swabbed with
mixture of iodine and 70% ethanol. A 30 mm
incision was made along the medial aspect of
the proximal tibia and the wound advanced
down to and through the periosteum. A
subperiosteal dissection was then advanced
up to the inferior attachment of the knee joint
capsule and laterally to the full extent of the flat
medial bone surface.

Under continuous irrigation with sterile
saline, the implants installation procedure in
tibiae bone was carried out according to the
manufacturer’s instructions. Closure of the
wound should be performed in layers using
catgut for the subcutaneous layer and silk for
the skin layer. The prophylactic administration
of procaine penicillin (Wyeth Pharmaceuticals,
Parramatta, New South Wales.) 60,000
units’kg intramuscularly was commenced
during the surgery and continued for three
postoperative days to reduce the potential for
wound infection.

Animal sacrifice

Six rabbits were sacrificed at 4 and 8 weeks
using an intramuscular injection of overdose of
60mg/ml/kg body weight sodium
phenobarbitone (Phenobarbitone, Fawns &
McAllan Pty Ltd, Melbourne, Victoria).

Electron microscopic analysis:

Block section of the tibial bone, containing
the implants were obtained using a stryker
bone saw (Stryker; Kalamazoo, Mich, United
States of America). The samples were
immersed into 10% buffered formicacid for 48
hours for decalcification. These specimens
were dehydrated in ascending ethyl alcohol
concentration 70%, 80% and 90% for 6 hours
each and 100% for 10 hours. Then, to displace
the alcohol the specimen were immersed in
acetone for 12 hours. These specimen were
embedded in polymethylmethacrylate resin
under vacuum and after polymerization for 24
hours, sections were cut at 150um by a
diamond wafering blade. The specimens were
coated with layer of gold with the aid of
magnetron-spattering device. Analysis was
performed using scanning electron microscopy
(SEM, JXA-840A, JEOL, Japan). The mean
gap distance (um) between the bone and
implant in areas among the five threads was
calculated.

Results

Measurements by the aid of the SEM
revealed that the gap distance was greater in
the control group compared to fibronection
group at both observation periods (Fig 1-4).
However, Student’s t test revealed that the
difference between these two groups was not
statistically significant at 4 and 8 weeks (p=
0.4364, 0.2021 respectively), (Table 1, Fig.5),
also there was no statistically significant
change in mean gap distance (um) through all
period by time within each group (Fig. 6).
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Figure 1. SEM for control group at the end of 4 weeks showing gap distance of bone along the
implant surface (SEM X 500).
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Figure 2. SEM for fibronectin group at the end of 4 weeks showing gap distance of bone along
the implant surface (SEM X 500).
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Figure 3.SEM forcontrol group at the end of 8 weeks showing gap distance of bone along the
implant surface (SEM X 500).
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Figure 4.SEM forfibronectin group at the end of 8 weeks showing gapdistance of bone along
the implant surface (SEM X 500).
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Table1. Mean and standard deviation of gap distance (um) between the bone and implant in
control and fibronectin group and statistical significance of the difference (Student’s t test)

6.917+3.268

6.046+1.138

1.613+1.195 1.053+0.601 1.3239 0.2021

61



62 Amr ELkarargy

Gap distance (um)

6.917

H 4 weeks

m 8 weeks

Control Fibronectin

Figure 5. Mean of gap distance (um) between the bone and implant in control and fibronectin
group
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Figure 6. Change by time in gap distance (um) between the bone and implantin control and
fibronectin group
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Discussions

Surface modifications of titanium implants
using various modalities aim to improve the
initial healing and promote faster healing times
those are of increasing importance in modern
dentistry, with this surface maodification,
immediate or early loading has become a
predictable treatment protocol. 32:%)

The selective adsorption of beneficial
molecules has been attempted by modifying
the implant surfaces. It has been demonstrated
that coating of the surface with cell- adhesive
proteins, such as fibronectin, collagen,
and/orlaminin, improved initial cell attachment,
cell spreading, and cell activity. ®**"

Biomimetic coating with fibronectin has
been tested in previous studies, “*** its
adsorption onto solid substrates has already
been evaluated in previous studies, though the
interactions between this protein and
8Log)aterial surfaces are not fully understood.

Although many studies reported about the
applications of fibronectin to the implant
surface can enhance the osseointegration of
dental implants to the bone, ®**? the results of
the present study demonstrating the difference
between two groups was not statistically
significant at both observation periods and this
could be due to:

Firstly exfoliation of fibronectin coating from
implant surface during surgery.

Secondly, it is possible that fibronectin-
coated implants exhibit enhanced
osseointegration around dental implant in
rabbits because fibronectin has the ability to
promote osteoblast attachment more via
distance osteogenesis than contact
osteogenesis which was found to be enhanced
more by a rough implant surface than by a
smooth implant surface due to the increased
surface area available for fibrin attachment and
surface features to which fibrin could become
attached while, distance osteogenesis takes
place on the surface of the bone around the
implant through appositional growth, while con-
tact osteogenesis occurs directly on the
surface of the implant, two osteogenetic
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phenomena (distance and contact
osteogenesis) have been proposed to occur
around dental implants.®"

Thirdly, the observation periods of healing
might be not enough to reveal any differences
in healing due to coating the surfaces.
Fibronectin affects healing in the early healing
period. “® It is suggested that a difference
would have been revealed if the healing had
been evaluated after only 2 weeks and long-
term prognosis.

Although no statistically significant difference
between the two groups at both observation
periods, the mean gap distance between the
bone and implant was greater in the control
group compared to fibronection group at both
observation periods and this could be due to
prevention of inflammatory process around the
implant by the action of fibronetin in enhancing
the gingival fibroblast attachment, which has
beneficial effects on healing after implant
surgery and during the maintenance phase by
forming attachments between connective tissue
and the epithelium. “?

Apical migration of the long junctional
epithelium, which is the result of poor
attachment  between the  subepithelial
connective tissues and the epithelium around
the implant, leads to the formation of peri-
implant pockets. Inflammatory breakdown is
caused by bacterial invasion through the peri-
implant pocket “* ** which can extend directly
to the underlying bone in the absence of a
transgingival seal between the gingival tissue
and the implant leading to peri-implantitis, and
implant failure. “2)

Thus, it could be suggested that the
biological functionalization of dental implants
with fibronectin, may influence the integration
or biocompatibility and bonding of the implant
to the surrounding bone.

Recommendations

Shortening or extending the period of
observation and the use of other modifying
implant surfaces with cell-adhesive proteins
such as collagen, hyaluronic acid and laminin,
may be recommended in further studies.
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