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Effects of a Cell Adhesion Molecule Coating 
on the Blasted Surface of Titanium Implants 

on Bone Healing in the Rabbit Femur
Jin-Woo Park, DDS, MSD1/Sang-Gu Lee, DDS, MSD2/Byung-Ju Choi, DDS, PhD3/Jo-Young Suh, DDS, PhD4

Purpose: One strategy to improve implant osseointegration is to control the quality of the bone reac-
tion at the implant-bone tissue interface using an implant coated with biologically active substances.
The purpose of this study was to investigate the effect of a tetra-cell adhesion molecule (T-CAM) coat-
ing composed of 4 cell-adhesion molecules—an arginine-glycine-aspartic acid (RGD) sequence, a pro-
line-histidine-serine-arginine-asparagine (PHSRN) sequence, a tyrosine-histidine sequence (YH), and a
glutamic acid-proline-aspartic acid-isoleucine-methionine (EPDIM)—on the rough-surfaced titanium
implant on peri-implant bone formation in the rabbit femur with poor local bone conditions and mini-
mal primary stability. Materials and Methods: Seven T-CAM-coated (blasted/T-CAM) and uncoated
(blasted) implants with a rough surface (hydroxyapatite-blasted; Ra = 1.8 µm) were placed in slightly
oversized beds of the metaphyses of the right and left femurs of 7 New Zealand White rabbits with
light tactile pressure, and minimal primary stability was obtained. To evaluate the effects of T-CAM
coating on the peri-implant bone healing response, histomorphometric analysis was performed 8
weeks after surgery. The 2 groups were compared using the Student t test, with a significance level of
P < .05. Results: Compared to uncoated blasted implants at 8 weeks of healing, the blasted/T-CAM
implants showed a significantly greater amount of bone-implant contact (BIC; P < .01) and new bone
formation in the zones 0 to 100 µm and 0 to 500 µm lateral to the implant surface (P < .05) in the
medullary space. Conclusion: The T-CAM coating on the rough-surfaced titanium implants significantly
enhanced peri-implant bone formation in rabbit femurs with poor local bone condition. (More than 50
references) INT J ORAL MAXILLOFAC IMPLANTS 2007;22:533–541
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The predictability and long-term success rates of
endosseous dental implants have been well doc-

umented, both in fully and partially edentulous
patients.1–3 It is well-known that long-term success is
greatly affected by local bone conditions, such as
bone quality and quantity.4–6 Higher implant failure
rates have been reported in areas of poor-quality
bone such as the posterior maxilla.5

Numerous approaches have been tried to improve
clinical results in poor local bone conditions and to
shorten healing periods.5,7,8 One of the strategies
used to improve osseointegration is to enhance the
quality of the early interaction of bone-forming cells
with the implant surfaces. Many studies have been
performed to examine coating the surfaces of bioma-
terials with biologically active substances such as
bone morphogenetic proteins, collagen, fibronectin,
or peptides related to cell adhesion to enhance bone
formation at the interface.9–12 These approaches
make the bioinert metallic implant surfaces bioactive
and therefore improve the quality of the bone tissue
reaction at the bone-implant interface.

The immobilization of cell adhesion molecules on
the implant surface is one component of these
approaches. Many studies have suggested that cell
attachment plays a dominant role in subsequent pro-
liferation and differentiation. It has been suggested
that peptides containing arginine-glycine-aspartic
acid (RGD) motifs increase osteoblast adhesion and
subsequent proliferation on implant surfaces.13,14
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Recently, it was observed that tetra-cell adhesion
molecules (T-CAM), which are cell adhesion mole-
cules, enhanced the differentiation of osteoblastlike
cells grown on anorganic bovine bone mineral
(ABBM) (submitted, 2007). T-CAM is a recombinant
protein containing the RGD sequence in the tenth
type III domain, a proline-histidine-serine-arginine-
asparagine (PHSRN) sequence in the ninth type III
domain of fibronectin, and a tyrosine-histidine (YH)
sequence and a glutamic acid-proline-aspartic acid-
isoleucine-methionine (EPDIM) sequence in the
fourth fas-1 domain of �ig-h3. The RGD sequence
interacts with several cell-surface integrins, the major
one being �5�1,15,16 which indicates its efficacy in
promoting osteoblast adhesion.13,14,17 The PHSRN
sequence within the ninth type III domain serves as a
synergic site that enhances the binding affinity of the
RGD sequence, and both the RGD and PHSRN
sequences in T-CAM are recognized by integrin �5�1
on osteoblastlike cells.18,19 �ig-h3 is a cell adhesion
protein whose expression is highly induced by trans-
forming growth factor-� (TGF-�) in several cell types
and which has 4 internal repeat domains named fas-
1.20 �ig-h3 promotes cell adhesion and spreading
through EPDIM and YH sequences present in the
fourth fas-1 domain.21,22

Recently, it was demonstrated that bone defects
in rabbit calvaria grafted with ABBM coated with T-
CAM showed a significant increase of new mineral-
ized bone formation.23 As T-CAM-coated ABBM
enhanced new bone formation in vivo, it  was
expected that coating titanium implant surfaces with
the cell  adhesion molecule T-CAM might also
improve peri-implant bone healing. Therefore, the
purpose of this study was to investigate the effects
of T-CAM coating on the sur faces of titanium
implants on peri-implant bone formation in the rab-

bit femur. Additionally, the peri-implant bone healing
reaction to T-CAM-coated and uncoated titanium
implants with rough surfaces placed in poor quality
bone under conditions with minimal primary stabil-
ity was investigated.

MATERIALS AND METHODS

T-CAM Synthesis
Fibronectin cDNA fragments (restricted to the Nde I
and Nsil I sites) generated by polymerase chain reac-
tion were inserted into the EcoR V sites of the fourth
fas-1 domain of �ig-h3.16 Plasmid constructs encod-
ing T-CAM were transformed into BL21 cells for
expression. Overnight bacterial cultures were
induced, and T-CAM was purified using nickel-nitrilo-
triacetic acid (Ni-NTA) resin (Qiagen, Chatsworth, CA)
according to the manufacturer’s recommendations.

Cylindric implants 8.0 mm in length, with a coro-
nal diameter of 3.9 mm and an apical diameter of 3.7
mm (MegaGen, Kyungsan, Korea) were made of com-
mercially pure titanium (American Society for Testing
and Materials [ASTM] Grade 2), and the surfaces were
roughened by hydroxyapatite blasting (particle size
of 100 µm). The implants were then passivated in
nitric acid according to ASTM specification F-86
(blasted implant; Fig 1).

Titanium implants were immersed in phosphate-
buffered saline (PBS), with 1 implant per milliliter of
solution containing 100 µg T-CAM, for 24 hours at
room temperature with gentle shaking. This T-CAM
concentration was shown in a previous study to pro-
mote the differentiation of osteoblastlike cells on T-
CAM–coated surfaces. Following the immersion, each
implant was washed 3 times in PBS to remove non-
adherent molecules, then dried in a laminar airflow

Fig 1 Hydroxyapatite-blasted implants viewed with a scanning electron microscope (SEM) at magnifications of (a) �1,000 and (b)
�10,000.
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chamber for 24 hours (blasted/T-CAM implant). The
blasted/T-CAM implants were used as the experi-
mental implants, and uncoated blasted implants
were used as the control implants.

Based on stylus profilometry (Form Talysurf Series
2; Taylor Hobson, London, UK), titanium implants
showed the same roughness (Ra) value (1.8 µm)
before and after T-CAM coating. Roughness was
measured longitudinally on the lateral surface of the
implant (Fig 2). All implants were sterilized by
gamma irradiation before use.

Animals and Surgical Procedure
Seven adult male New Zealand White rabbits weigh-
ing 3 to 3.5 kg were used in this study. This experi-
ment was approved by the Institutional Animal Care
and Use Committee of Kyungpook National Univer-
sity Hospital, Daegu, Korea.

General anesthesia was induced by intramuscular
injection of a combination of 1.3 mL of ketamine
(100 mg/mL; Ketara, Yuhan, Korea) and 0.2 mL of
xylazine (7 mg/kg body weight; Rompun, Bayer
Korea, Korea). The medial surfaces of the femoral
metaphyses were used as the surgical sites. The sur-
gical areas were shaved, and the skin was washed
with a mixture of iodine and 70% ethanol prior to
surgical draping. Local anesthesia—1.0 mL of 2%
lidocaine (1:100,000 epinephrine; Yuhan, Korea)—
was used to control bleeding. The surgical sites were
exposed with an incision through the skin, fascia, and
periosteum at the medial surface of the femur using
sterile surgical techniques.

The implant sites were prepared in the usual man-
ner. A final drill diameter of 3.85 mm was used. All
drilling procedures were carried out under profuse
sterile saline irrigation. Each femur received 1 implant.
Blasted/T-CAM experimental implants and uncoated
control implants were alternately placed in the right
and left femur. The implants were inserted using a
specially designed seating instrument with position-
ing its working end into the internal hole of the
implant and light tactile pressure (Fig 2). The seating
instrument was pushed with gentle rotation by finger
pressure until the implant was in its final position (ie,
until the coronal surface of the implant protruded 0.5
mm above the cortical bone surface).

All implants penetrated the first bone cortex only.
Because of this preparation technique, implants were
placed in a slightly oversized bed; the bed was 0.15
mm oversized at the apical region, but the gap
between the bone wall and the implant gradually
decreased toward the coronal aspect of the implant.
Therefore, minimal stability was obtained by engag-
ing only the top portion of the implant. The apical
part of the implant could be moved laterally by

applying a small force through the internal hole of
the implant with an instrument tip.

After surgery, surgical sites were closed in layers
and sutured using Vicryl (Ethicon, Somerville, NJ).
Antibiotics (Baytril, Bayer Korea, Korea) and anal-
gesics (Nobin, Bayer Korea, Korea) were injected
intramuscularly for 3 days to prevent postsurgical
infection and control pain. The animals were sacri-
ficed by intravenous injection of air under general
anesthesia at 8 weeks after surgery, and bone was
prepared for histomorphometric evaluation.

Specimen Preparation and Histomorphometric
Evaluation
The distal femurs containing the implants were
removed en bloc, fixed in 4% neutral buffered
formaldehyde, dehydrated using an ascending series
of alcohols, and embedded in methyl methacrylate
for undecalcified sectioning. Undecalcified sections
containing the central part of the implants were pro-
duced at a final thickness of 20 µm using a Macro
cutting and grinding system (Exakt 310 CP series;
Exakt Apparatebau, Norderstedt, Germany). The sec-
tions were stained with Villanueva stain, and histo-
morphometric analysis was carried out using a light
microscope (Axioplan 2; Carl Zeiss, Oberkochen, Ger-
many) with an image analysis system (i-Solution,
iMTechnology, Daejeon, Korea) under 50� magnifi-
cation. Images were captured using a digital camera
(AxioCam MRc 5; Carl Zeiss) attached to the micro-
scope and displayed on a computer monitor.

Histometric measurements were performed to
evaluate the following parameters:

Fig 2 (a) Superior and (b) lateral views of a blasted titanium
implant alongside (c) the seating instrument. Arrow indicates the
location and direction of surface roughness measurements.

a

b

c
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1. Bone-implant contact ratio (BIC %): BIC was mea-
sured as the percentage of the length of mineral-
ized bone tissue in direct contact with the implant
surface, out of the total length along the surface
of the implant. BIC was then divided into 2 sub-
classes and represented as follows: (a) total BIC—
percentage of the sum length of original cortical
bone length and newly formed bone that were in
direct contact with the implant, of the total length
of the implant and (b) BIC in the medullary
space—percentage of the length of newly formed
mineralized bone tissue in the medullary space in
direct contact with the implant, out of the total
length of the implant in the medullary space.

2. Bone density in the medullary canal (BD %): The
amount of newly formed mineralized bone tissue
in the 0-to-100-µm and 0-to-500-µm zones adja-
cent to the lateral surface of the implant was mea-
sured. BD was calculated as the amount of miner-
alized bone tissue observed in each zone, out of
the total area lateral to the surface of the implant
(ie, as a percentage).

Statistical Analysis
The histomorphometric data were processed with
the SAS statistical system. The significance of differ-
ences between the 2 groups was analyzed using the
Student t test. P values less than .05 were considered
statistically significant.

RESULTS 

Histologic Evaluation
Histologic evaluation showed an uneventful healing
of all implants without any sign of inflammatory
response. After 8 weeks of healing, implants were in
contact with cortical bone along their upper portion,
and new bone formation was observed in the mar-
row region, both in the blasted and blasted/T-CAM
implants (Figs 3 to 5). The blasted/T-CAM implants
showed greater downward growth of the newly
formed mineralized bone tissue in the endosseous
region compared to the blasted implants, while in
the blasted implants, interruption of the direct con-

Fig 3 Histologic sections of (left) control blasted and (right) experimental blasted/T-CAM implants in the marginal cortical bone region
after 8 weeks of implantation. In the endosseous area, a greater amount of downward growth of newly formed bone tissue (arrows) from
original cortical (OC) bone was observed on the surface of the experimental implant (EI) compared to the control implant (CI). Interruption
of direct mineralized BIC (arrow head) was frequently observed on the surfaces of the blasted implants (CI) in the endosseous area. The
medullary canal (M) lacks cancellous bone (Villanueva stain; bar equals 0.3 mm). 
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tact between mineralized bone tissue and the
implant surface was frequently observed in areas of
newly formed bone in the endosseous region (Fig 3).
The blasted/T-CAM implants showed more active
bone formation, and a greater amount of mineralized
bone tissue was observed in the apical area (Figs 4

and 5). A thick and continuous layer of newly formed
bone tissue was observed around the blasted/T-CAM
implants placed in the medullary canal, which was in
direct contact with the implant surface, whereas less
bone deposition was found with the control
implants (Fig 5).

Fig 4 New bone formation was observed in the apical region in both (left) blasted and (right) blasted/T-CAM implants. EI shows more fre-
quent BIC (arrows) compared to CI (Villanueva stain; bar equals 0.5 mm).

CI

M

EI

M

Fig 5 Histologic sections of the apical part of (left) the control blasted and (right) experimental blasted/T-CAM implants placed in the
medullary canal. A higher percentage of BIC and a greater amount of new bone formation can be observed around the EI compared to the
CI. A thick, continuous layer of mineralized bone (arrows) can be observed along a large part of the implant surface. In contrast, a relatively
thin and noncontinuous layer bone tissue (arrows) is present on the surface of the CI. More direct contact (greater BIC) was observed for
the EI surface than for the CI surface (Villanueva staining; bar equals 1 mm).
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Histomorphometric Analysis
The mean percentage of BIC was 31.41% ± 8.52% of
the total area for the control implants and 53.07% ±
10.87% for the blasted/T-CAM implants. In the corti-
cal region, the BIC was 5.41% ± 3.98% for blasted
implants and 3.94% ± 2.53% for blasted/T-CAM
implants. In the medullary space, the BIC was 14.89 ±
8.95% for blasted implants, and 49.14 ± 9.98% for
blasted/T-CAM implants. The blasted/T-CAM
implants showed a significantly greater mean BIC
compared to the blasted implants in both the total
area and medullary space (P < .01; Fig 6).

The mean percentage of BD was significantly
greater for blasted/T-CAM implants than for blasted
implants in both the 0-to-100-µm zone (45.06% ±
4.50% vs 24.97% ± 13.88%; P < .05) and the 0-to-500-
µm zone (34.09% ± 7.93% vs 12.75% ± 11.93%;
P < .05).

DISCUSSION

In this study, the authors investigated the effects of
applying the cell adhesion molecule T-CAM to micro-
roughened titanium implant surfaces on peri-
implant bone formation with poor local bone condi-
tions. The implants were placed in femoral
metaphyses, which are characterized by a lack of
cancellous bone. They were placed with minimal pri-
mary stability, achieved through slightly overdrilling
of the implant sites. The blasted implants showed
direct BIC in the cortical region and medullary space
after 8 weeks of healing. The blasted/T-CAM implants
showed significantly more BIC and new bone forma-
tion in the medullary space than the blasted
implants.

Although the critical amount of BIC necessary to
guarantee implant success has not been defined,
Albrektsson and Johansson24 suggested that approx-
imately 50% BIC is necessary for functional loading
of implants. Human histologic studies have shown
various degrees of BIC with sur face-modified
implants either unloaded (30% to 96% BIC)25–27 or
after loading (25% to 83% BIC).28–31 Numerous exper-
imental studies have demonstrated a high degree of
BIC; however, relatively high variation in BIC also has
been reported.32–36 In the canine mandible, signifi-
cantly higher BIC (62.9%) was achieved with double
acid-etched implants than with machined implants
(39.5%) at 4 months, (P < .01).32 Ericsson et al33

reported a similar value (65%) with TiO2-blasted
implants; however, they measured BIC for the 3 best
consecutive threads of the implants. In rabbit bone,
31% BIC at 3 months was achieved with TiO2-blasted
implants in tibiae; fluoride modification increased
BIC of blasted implants (39%).34 Sul et al35 achieved
higher BIC (49%) for calcium ion-deposited titanium
implants compared to machined implants (18%) at 6
weeks in rabbit tibia. Microroughened implants
placed in femoral condyle of the goat, which is char-
acterized by abundant cancellous bone, achieved rel-
atively high percentages of BIC (51% at 6 weeks, 49%
at 12 weeks).36 When comparing the degree of BIC
reported in the literature, the differences in experi-
mental models, healing periods, and methods of
measurement for histomorphometric analysis
between studies should be considered. Differences
in BIC% may be attributable to these variables.

Many studies have demonstrated the importance
of primary stability to obtain successful osseointe-
gration.6,37–40 Higher initial stability may result from
better local bone conditions, such as bone quality.
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Fig 6 Mean BIC percentage in the cortical region and in the
medullary space after 8 weeks of healing. The BIC in the
medullary space was significantly greater for the blasted/T-CAM
implants compared to the blasted implants. *P < .01.

Fig 7 Mean %BD in the medullary space. Mean %BD was sig-
nificantly greater for the blasted/T-CAM implants than for the
blasted implants in both the 0-to-100-µm and 0-to-500-µm zones
(*P < .05, †P < .05).
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Lack of initial stability in poor-quality bone has
resulted in lower implant success rates.37,38,40 The
degree of BIC acheived with hydroxyapatite-blasted
implants (31.41%) in the present study corresponds
to that achieved with TiO2-blasted implants (31%)
placed in rabbit tibia at 3 months of healing; how-
ever, the TiO2-blasted implants were stabilized by rel-
atively thick cortical bone.34 Moreover, T-CAM coat-
ing significantly increased the BIC of blasted
implants (53.07%). Several studies have shown that
the amount of contact with cortical bone is more
important for optimal implant stabilization than the
amount of contact with trabecular bone.41,42 Higher
implant stability may result in increased BIC.43,44

Direct comparison of bone healing in the rabbit and
in clinical situations is naturally impossible, because
conditions in experimental animals differ from those
in humans. However, the present study provides evi-
dence that a high degree of BIC can be achieved
with hydroxyapatite-blasted implants in poor local
bone conditions by applying T-CAM coating.

This study was predicated on the results of a pre-
vious animal experiment, which indicated that ABBM
coated with T-CAM enhanced new bone formation in
rabbit calvarial defects.23 Numerous studies have
shown that coating implant surfaces with bioactive
substances such as growth factors or cell adhesion
molecules influences the healing process at the
bone-implant interface and thus can improve the
quality and quantity of osseointegration.12,45–47

Adsorption of biomolecules, including proteins
and peptides, onto solid surfaces is a very compli-
cated process. It is well-known that many variables,
including surface area, surface cleanliness, the con-
centration of the biomolecules, the buffer used, and
the incubation time, can affect the process. However,
it has been shown that most proteins adsorb irre-
versibly onto titanium surfaces because of the ener-
getically favorable nature of the process.48 A variety
of complex immobilizing techniques have been stud-
ied for the covalent binding of biomolecules onto
solid surfaces of biomaterials in attempts to over-
come the disadvantages of simple adsorption, such
as weak binding, conformational changes, denatura-
tion, and subsequent loss of activity.12,49,50 However,
many in vitro studies have suggested that biomole-
cules immobilized by adsorption, for example, bone
morphogenetic proteins, fibronectin, and TGF-�1,
onto the surfaces of solid biomaterial including tita-
nium retain their original biologic activity.9,10,46

The results of this in vivo study showed similar to
the results attained in the aforementioned in vitro
studies. T-CAM immobilized onto the surfaces of the
titanium implants by simple adsorption, maintained
its original activity, and thus, enhanced peri-implant

bone formation at the bone-implant interface by
increasing bone-cell adhesion.

In this study, rough-surfaced implants were used
to increase T-CAM adsorption. It has been reported
that more protein is adsorbed onto rough titanium
surfaces, which have more surface area than smooth
surfaces, and that the amounts adsorbed increase
with increasing protein concentration with a con-
stant incubation time.51 To the authors’ knowledge,
few studies have reported the peri-implant bone
reaction in poor local bone conditions to implants
with rough surfaces produced by hydroxyapatite
blasting.

It is well-known that an increase in the implant
surface area enhances biomechanical bonding by
optimizing the biologic response of the bone and
micromechanical interlocking.52–54 Weng et al32

demonstrated a significantly higher BIC rate for
microroughened surfaces produced by double acid-
etching compared with machined surfaces when
placed in the “hollow part” of the canine mandible.
The results of the present study were similar to their
findings; hydroxyapatite-blasted surfaces showed fre-
quent BIC and new bone formation in the apical area
of the hollow medullary canal, indicating that the
microroughened surface produced by hydroxyapatite
blasting has advantages in sites of low bone content.
In addition, more active bone formation and greater
BIC were observed in T-CAM–coated implants com-
pared to uncoated implants (Figs 4 and 5). The
increased BIC and BD may have been due to the syn-
ergistic effects of the combination of the rough sur-
face and the cell adhesion molecule,T-CAM.

The present results indicate that a T-CAM coating
increases the osteoconductivity of microroughened
implants placed in poor local bone conditions. The 4
cell-adhesion molecules of T-CAM enhance the
regeneration potential of bone tissue at the interface
by increasing adhesion of cells related to the bone
formation process onto the implant surface and their
subsequent proliferation and differentiation.

Although there are conflicting data on the distrib-
ution of integrins in osteoblasts, the fibronectin
receptors �3�1, �5�1, �v�3, and �v�5 were localized
to normal bone tissue, and �5�1 has been identified
in normal osteoblast cultures.55–58 It has been
reported that the RGD and PHSRN sequences in T-
CAM are recognized by integrin �5�1 on osteoblast-
like cells.19 The EPDIM sequence in T-CAM may be
recognized by integrin �3�1 in osteoblastlike cells,
and the YH sequence may be recognized by integrin
�v�5 in such cells.21,22

Immobilization of T-CAM, composed of the cell-
adhesion–related peptide sequences (-RGD-,
-PHSRN-, -EPDIM-, -YH-), enhances peri-implant bone
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formation by the synergistic effects of the combina-
tion of these 4 cell adhesion sequences, to increase
osteoblast adhesion onto microroughened titanium
implant surfaces. These results indicate that the cell
adhesion molecule T-CAM increases the osteocon-
ductivity of blasted titanium implants and that T-
CAM can be effectively immobilized onto rough tita-
nium implant surfaces by simple adsorption. In
conclusion, T-CAM coating increased the regenera-
tion potential of bone tissue at the bone-implant
interface, improving the bone healing response to
microroughened implants.

CONCLUSION

Hydroxyapatite-blasted surfaces showed new bone
formation and BIC in the hollow regions of the femur,
and T-CAM coating on the hydroxyapatite-blasted
surface of titanium implants significantly increased
peri-implant new bone formation in rabbit femurs
despite poor local bone conditions.
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