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Implants with SLA surface, implants with SLA surface coated with 200 nm thickness of Calcium Phosphate, and
implants with SLA surface coated with 500 nm thickness of Calcium Phosphate were fabricated with ion- beam
assisted deposition (IBAD) method. Dental implants were placed with surgically created circumferential 2 mm gap
defects in four male Mongrel dogs. The animals were sacrificed after 8 weeks. Specimens were evaluated histolog-
ically. The aim of study was to evaluate the bone healing around SLA (Sandblast, Large grit, acid-etched) implants
with different coating thickness of Calcium Phosphate (CaP) in 2 mm circumferential bony defect. Irrespective of
nano-coating thicknesses, SLA implants coated with Calcium Phosphate (I-CaP200, 1-CaP500) didn’'t show any dif-

ference in tissue response from SLA implant without coating (I-SLA).
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Introduction

F ormation of direct contact between implant and surround-
ing bone is one of the most important parameters for clin-
ical success of dental implants. The stability of dental implants
is determined by this direct contact at the implant-bone inter-
face.” Implant-bone response which is important for direct
contact was thought be influenced by implant surface topogra-
phy.

As a consequence, a variety of dental implants with differ-
ent surface topographies have been introduced. The existence
of surface roughness increased bone-to-implant contact.” The
roughness seems to favor the migration of undifferentiated
mesenchymal cells, which cover the implant surface and max-
imize new bone formation.?’ A variety of surface treatments
have been proposed to increase roughness of dental implant.
The surface treatments include acid etching, application of
titanium plasma spray, blasting with different substances, oxi-
dizing titanium oxide surface, and incorporating hydroxyapa-
tite.¥ When compared with smooth surface titanium implants,
the experimental studies using implants with these various
rough surfaces showed significantly higher removal torques,
and a higher percentage of direct bone-implant contact.>®
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Calcium phosphates (CaP), and hydroxyapatite (HA) are
examples of osteoconductive materials which have been
coated on the surface of dental implants. Improved cellular
response and increased bioactivity were noticed on bone tis-
sue around modified implant surface with CaP, or HA.”""
When coating implant surface with CaP, the dissolution rate of
coating layer is affected by Ca/P ratio and cyrstallinity of the
particles. The dissolution rate of coating layer should be
reduced for maintaining ideal cellular activity of bone. The
reduction in the dissolution rate of the coating layer could be
achieved by lon-beam-assisted deposition(IBAD) method.'*'>
IBAD method is one of the most popular methods due to the
outstanding bonding between coating layer and substrate.'®'”
The CaP coating with IBAD method can increase the Ca/P
ratio forming a layer similar to crystalline HA.'¥

The aim of this study was to evaluate bioactivity of CaP
coating on SLA surface implant by IBAD method with two dif-
ferent coating thickness in surgically created defects of dogs.

Material and method

Implant sample preparation

Implants with SLA surface (I-SLA), implants with SLA surface
coated with 200 nm thickness of Calcium Phosphate (I-
CaP200), and implants with SLA surface coated with 500 nm



The Healing of Circumferential Bony Defects Around SLA Implants with Different Coating Thicknesses of Calcium Phosphate. (Pilot Study) 27

thickness of Calcium Phosphate (I-CaP500) were fabricated
with ion- beam associated deposition (IBAD) method. The
detailed procedure for CaP coating followed the method of
our previously published papers.'*'> CaO (Cerac, USA) and
HA(Alfa, USA) were sintered at 1200 °C for 2 hours in air to
prepare calcium phosphate evaporates. An electron beam
evaporator (8.5 Kv rated power supply, Telemark, USA) and an
end-hall type ion gun(Commonwealth Scientific, USA) were
employed for ion deposition.

Animals

Four male Mongrel dogs, 18 to 24 months old and weigh-
ing about 30 kg, were used. All of them had the intact denti-
tion and healthy periodontium. Animal selection, management,
preparation and surgical protocol followed the routine proce-
dure approved by the Animal Care and Use Committee, Yon-
sei Medical Center, Seoul, Korea.

Surgical procedure

All mandibular premolars and the first molar were extracted.
Implant surgery was performed after 8 week healing period. A
crestal incision, and full thickness mucoperiosteal flap was
made. Implant ostectomy was prepared with additional cir-
cumferential coronal defect (2 mm gaps) on the top by a cus-
tomized paralleled step drill. I-SLA, 1-CaP200, and | -CaP500
were placed for each mandible (Implantium®, Dentium,
Korea). The diameter was 3.4 mm and the length was 10 mm.
The flaps were repositioned, and sutured with a resorbable
suture material. The sutures were removed after 10 days. After
8 weeks of healing, the animals were sacrificed and block sec-
tions were obtained for histological analysis.

Histological analysis

The block sections were fixed in 10% buffered formalin.
The specimens were dehydrated in ethanol, embedded in
methacrylate, and sectioned in the mesio-distal plane. From
each implant site, the central section was reduced to a final
thickness of about 20 um. The sections were stained in hema-
toxylin and eosin and histological analysis was performed
using a stereoscope and microscope.

Result

Mild inflammation in soft tissue, and favorable bone
response around the coronal part of I-SLA, I-CaP-200, and I-
CaP500 was noticed. (Figurel, 2, 3) Newly formed bone was
noticed around implants and osseointegration was also found.
Implants from all groups showed bone to implant contact at
the apical area. Osteoblasts were found around newly formed
bone representing bone formation activity. Reversal lines were
also found at the area distant from implant surface. The den-
sity of newly formed bone was comparable to that of existing
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Figure 1. Histological view of the control group. Minimal
amount of defect fill observed at the coronal defects with no
bone to implant contact at the coronal micro-thread area
(magnification x 8).

Figure 2. Histological view of 1-CaP200. Limited amount of
bone formation observed at the coronal defect area (mag-
nification x 8).

bone.

Irrespective of coating thicknesses, SLA implants coated with
Calcium Phosphate (I-CaP200, 1-CaP500) failed to show any
difference in tissue reaction around implant from SLA implant
without coating (I-SLA).

Coating with CaP was performed to improve tissue reaction
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Figure 3. Histological view of 1-CaP500. Bone to implant con-
tact observed on coronal micro-thread area (magnification x 8).

of I-SLA. However, in this study, the tissue reaction wasn't
affected favorably by the surface modification with CaP The
surface of 1-CaP200 and 1-CaP500 has to be investigated fur-
ther.

Discussion

As a result of scientific researches, osseointegration between
bone tissue and titanium implant was ascertained. Replacing
missing teeth with dental implants could be one of the pre-
dictable treatment modalities in the present generation due to
this osseointegration. Conventional protocol with smooth sur-
faced dental implant in the early days was 2 separate surgical
procedures and delayed loading. Several months after first sur-
gery, and additional several weeks after second surgery were
recommended before loading. Since the enhanced early heal-
ing with rough surfaced implant was clarified, there have been
trials to reduce healing period. Immediate or early loading
with one stage surgery became a common protocol for
implants with modified surfaces. Surface topography and
chemical composition of dental implants could be most
important for early healing of bone around dental implants.
Bone apposition following oseoblastic proliferation can be
improved with these modified surfaces. Surface modification
of dental implants includes blasting, etching, oxidizing, plasma
spraying, and coating with osteoconductive materials. In the
present study, SLA implants were coated with two different
coating thickness of CaP by IBAD method. Bone healings
around these implants in the circumferential coronal defects
were evaluated. The thickness of coated CaP can vary from

micro to nano size according to selected coating techniques.
The final CaP coating layer should have a sufficient thickness.
If the thickness is too thick, the outer layers may detach. If the
thickness is too thin, the coating layer would be unstable due
to poor cyrstallinity. The ideal thickness of HA coating for
implants is approximately 50 um.'®'? The coating thickness
can be reduced to nano size with IBAD method. This nano
size thickness could be sufficient for cellular activity because
cells interact with the top of coating layer.?” Post heat treat-
ment is recommended for better stability of the coating layer
when using IBAD method. Several researches presented that
post heat treatment after CaP coating by IBAD method
increases the crystallinity of CaP particles.?'?? In the study by
Li et al.” when post heat treatment was performed at 350 °C
to anodized implant coated with CaP, the particle grew larger
and the crystalline phase changed to HA phase. A stable coat-
ing layer could be achieved with this high HA crystalline
phase. When post heat treatment was performed to CaP
coated implant, improved bone healing was noticed without
any separation of the coating layer from the implant surface.?®
Improved bone response was also founded in the study by
Chae et al.?¥

In this study, CaP was coated on SLA implants with a thick-
ness of 200nm and 500nm by IBAD technique. More favor-
able tissue reaction of coated implant was expected. Different
tissue response according to the particle sizes was expected.
There was no difference of tissue response between coated
implant (I-CaP200 and |-CaP500) and non coated implant (I-
SLA). In addition, there was no difference of tissue reaction
according to the particle sizes. The healing time of 8 weeks
probably was not enough to see the difference because the
histologic finding showed ongoing healing in bone tissue
around implants. Further experiments are needed with a larger
sample size and comparison with post heat treated implants in
order to confirm these results.

Conclusion

In the self-contained gap defect, implants with SLA surface
coated with CaP (I-CaP200, | -CaP500) by the IBAD method
failed to show improved bone healing compared with non
coated SLA surface implants. Technique combining SLA and
CaP by IBAD method should be modified for more favorable
tissue response.

Acknowledgementt

This research was supported by a grant (code#: 08K1501-
01210) from ‘Center for Nano-structured Materials Technol-
ogy’ under <21* Century Frontier R&D Programs’ of the Min-
istry of Education, Science and Technology, Korea.

Biomaterials Research 2009



The Healing of Circumferential Bony Defects Around SLA Implants with Different Coating Thicknesses of Calcium Phosphate. (Pilot Study) 29

10.

11.

12.

Reference

. C. B Johansson and T. Albrektsson, ‘A removal torque and histo-
morphometiric study of commercially pure nobium and tita-
nium implants in rabbit bone,” Clinical Oral Implants Research,
2, 24-29 (1991).

. D. Buser, T. Nydegger, H. P Hirt, D. L. Cochran and L. P. Nolte,
“Removal torque values of titanium implants in the maxilla of
miniature pigs,” International Journal of Oral & Maxillofacial
Implants, 13, 611-619 (1998).

. D. L. Cochran, ). Simpson, H..P Weber and D. Buser, “Attach-
ment and growth of periodontal cells on smooth and rough tita-
nium,” International Journal of Oral & Maxillofacial Implants, 9,
289-297 (1994).

. E. A. McGlumphy, L. J. Peterson, P E. Larsen and M. K. Jeffcoat,
“Prospective study of 429 hydroxyapatite-coated Cylindric
Omniloc Implants placed in 121 patients,” International Journal
of Oral & Maxillofacial Implants, 18, 82-92 (2003).

. D. Buser, R. K. Schenk, S. Steinemann, J.P . Fiorellini, C. H. Fox
and H. Stich, “Influence of surface characteristics on bone inte-
gration of titanium implants. A histomorphometric study in min-
iature pigs,” Journal of Biomedical Material Research, 25, 889-
902 (1991).

. H. Liao, B. Fartash and J. Li, “Stability of hydroxyapatite-coat-
ings on titanium oral implants(IMZ).2 retrieved cases,” Clinical
Oral Implants Research 8, 68-72(1997).

. HW. Kim, H.E. Kim and J.C. Knowles, “Fluor-hydroxyapatite sol-
gel coating on titanium substrate for hard tissue implants.” Biom-
aterials, 25, 3351-3358 (2004).

. HW. Kim, Y.H. Koh, L.H. Li, S. Lee and H.E. Kim. “Hydroxyap-
atite coating on titanium substrate with titania buffer layer pro-
cessed by sol-gel method.” Biomaterials, 25, 2533-2538, (2004).

. L. Gan, ). Wang, A. Tache, N. Valiquette, D. Deporter and R. Pil-

liar, “Calcium phosphate sol-gel-derived thin films on porous-

surfaced implants for enhanced osteoconductivity. Part Il: Short-

term in vivo studies,” Biomaterials. 25, 5313-5321, (2004).

H.Q. Nguyen, D.A. Deporter, R.M. Pilliar, N. Valiquette and R.

Yakubovich, “The effect of sol-gel-formed calcium phosphate

coatings on bone ingrowth and osteoconductivity of porous-sur-

faced Ti alloy implants,” Biomaterials, 25, 865-876, (2004).

C.P. Klein, P Patka, H.B. van der Lubbe, J.G. Wolke and K. de

Groot, “Plasma-sprayed coatings of tetracalciumphosphate,

hydroxyl-apatite, and alpha-TCP on titanium alloy: an interface

study,” J Biomed Mater Res., 25, 53-65, (1991).

K. Hayashi, T. Inadome, T. Mashima and Y. Sugioka, “Compari-

son of bone-implant interface shear strength of solid hydroxyap-

atite and hydroxyapatite-coated titanium implants,” J Biomed

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Mater Res., 27, 557-563, (1993).

E.A. McGlumphy, L.J. Peterson, PE. Larsen and M.K. Jeffcoat,
“Prospective study of 429 hydroxyapatite-coated cylindric
omniloc implants placed in 121 patients,” Int J Oral Maxillofac
Implants., 18, 82-92, (2003).

J.M. Choi, H.E. Kim and LS. Lee, “lon-beam-assisted deposition
(IBAD) of hydroxyapatite coating layer on Ti-based metal sub-
strate.” Biomaterials., 21, 469-473, (2000).

Y. Li, I.S. Lee, FZ. Cui and S.H. Choi. “The biocompatibility of
nanostructured calcium phosphate coated on micro-arc oxi-
dized titanium,” Biomaterials., 29, 2025-2032, (2008).

J.Q. Liu, Z.S. Luo, F.Z. Cui, X.F. Duan, L.M. Peng, “High-resolu-
tion transmission electron microscopy investigations of a highly
adhesive hydroxyapatite coating/titanium interface fabricated by
ion-beam-assisted deposition,” J Biomed Mater Res., 52, 115-8,
(2000).

Y.C. Jung, C.H. Han, LS. Lee, H.E. Kim, “Effects of ion beam-
assisted deposition of hydroxyapatite on the osseointegration of
endosseous implants in rabbit tibiae,” Int J Oral Maxillofac
Implants, 16, 809-18, (2001).

K. de Groot, R. Geesink, C.P. Klein and P Serekian, “Plasma
sprayed coatings of hydroxylapatite,” / Biomed Mater Res., 21,
1375-1381, (1987).

R.C. Geesink, K. de Groot and C.P. Klein, “Chemical implant fix-
ation using hydroxyl-apatite coatings. The development of a
human total hip prosthesis for chemical fixation to bone using
hydroxyl-apatite coatings on titanium substrates,” Clin Orthop
Relat Res. 147-170, (1987).

R. Narayanan, S.K. Seshadri, T.Y. Kwon and K.H. Kim, “Calcium
phosphate-based coatings on titanium and its alloys,” J Biomed
Mater Res B Appl Biomater., 85, 279-299, (2008).

J. Chen, W. Tong, Y. Cao, J. Feng and X. Zhang, “Effect of atmo-
sphere on phase transformation in plasma-sprayed hydroxyapa-
tite coatings during heat treatment,” J Biomed Mater Res., 34,
15-20, (1997).

Y. Yang, K.H. Kim, C.M. Agrawal and J.L.. Ong, “Influence of
post-deposition heating time and the presence of water vapor on
sputter-coated calcium phosphate cyrstallinity,” / Dent Res., 82,
833-837, (2003).

M.K. Kim, J.Y. Choi, I.S. Lee, T. Inoue and S.H. Choi, “The
Effects of lon Beam-assisted Depoistion of Hydroxyapatite on the
osseointegration of Endosseous Implant Surface,” Key Engineer-
ing Materials. 330-332, 597-600, (2007).

J.C. Chae, UW. Jung, S.M. Jung, LS. Lee, KS. Cho, C.K. Kim
and S.H. Choi, “Healing of surgically created circumferential gap
around Nano-coating surface dental implants in dogs,” Surface
and Interface Analysis. 40, 184-187, (2008).

Vol. 13, No. 1



