





Fig. 7 Amorphous HA coated implants at nine weeks post implantation.
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Fig. 8 Crystalline HA coated implants at three weeks post implantation.
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Fig. 9 Crystalline HA coated implants at nine weeks post implantation.
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Fig. 10 Graded HA coated implants at three weeks post implantation.
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Fig. 11 Graded HA coated implants at nine weeks post implantation.
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CHAPTER 6. DISCUSSION

The concept of tooth replacement is not new. Almost since man started loosing teeth,
efforts have been made to replace them. Early attempts can be attributed to the
Phoenicians, Etruscans and Egyptian civilizations for making bridges to replace one or
more missing teeth. The Mayan Indians carved teeth from sea shells and tapped them
into the mandible, resulting in the earliest example of endosseous implants (Ring 1985).

Maggiolo introduced the more recent history of dental implants. In 1809 he used
gold in the shape of a tooth root to replace missing teeth. But the early 1900°s marked
the beginning of the modern implant era. In 1938, Dr. Alvin Strock inserted the first
vitallium dental screw implant replacing a maxillary lateral incisor. This implant lasted
more than 15 years.

The major breakthrough in dental implant success came in 1952, when a physician,
Dr. Per-Ingvar Branemark and his colleagues were investigating the wound healing of
titanium chambers of a screw-shaped design, inserted into a rabbit fibula. It was
observed during these studies that the titanium chambers were hard to remove from the
bone. These studies led to dental implant application in early 1960 (Branemark 1983).
Branemark coined the term osseointegration, referring to the structural and functional
connection between ordered living bone and the surface of a load-carrying implant. No
other person in recent history has influence root form implant concepts more so than
Brénemark.

Since that time, extensive research has been done to improve the osseointegration of
dental implants. One of the most important factors in establishing osseointegration of an
endosseous implant is the rapid formation of bone. Bone consists of organic and
inorganic components. The mineral is calcium phosphate, in the form of HA crystals.
When implants are placed, these components work together to heal and remodel bone
after the surgical insult.

The process of osseointegration does have a timeline though. As described by
Raghavendra et al. (2005), the events involved in bone apposition occur in a series of
discrete but overlapping stages. First, immediately after implantation, serum proteins
adhere to the implant. During the first three days, mesenchymal cells attach and
proliferate. By day six, osteoid is produced, and in two weeks, matrix calcification is
complete. At three weeks, remodeling of the bone is well under way. The most critical
factor in successful osseointegration is primary stability in the bone at the time of implant
placement, and this is easily achieved when bone is of adequate quality and volume
(Raghavendra et al. 2005). Unfortunately, most patients lack this, and implants are at
greater risk of not establishing primary stability. The relative motion between the
implant and the surrounding bone caused by lack of primary stability is considered to be
a high risk factor for early implant loss as failure of osseointegration occurs
(Raghavendra et al. 2005).

27



Throughout the years many materials have been used in implant fabrication. But
decades of materials research have shown that commercially pure titanium (T1) and its
alloy Ti-6Al-4V are the preferred materials for human hard tissue implantation because
of their strength, comparatively low stiffness, light weight, and relative inertness (Cook et
al. 1987).

It has also been shown through extensive research that surface modifications on
titanium implants greatly enhance osseointegration. These modifications to the implants
surface geometry and /or its chemistry is effective in accelerating bone formation and
achieving reliable implant fixation in less than ideal situations. Surface modifications
can be subtractive, such as acid-etching or additive, using plasma sprayed HA coatings.

Hydroxyapatite coatings over titanium have enjoyed a rapid rise due to its inherent
biomaterial properties. Hydroxyapatite is a calcium phosphate that is biocompatible and
osteoconductive, encouraging bone already formed to lie close to, or adhere, to its surface
(Sun et al. 2001). The rationale for HA coatings on implants originated from the desire
to combine the strength of titanium with a bioactive HA surface (Ong et al. 2006). Sun et
al. (2002) noted that HA coated implants exhibited a more rapid fixation and stronger
bond between the host bone and implant. They also saw uniform bone ingrowth at the
bone-implant interface.

The current popular method of deposition of HA on titanium implants is by plasma
spraying or arc plasma spraying. This process produces a coating with a thickness of
greater than 30 um (Ong and Chan 1999). However, problems are associated with this
process. Ong et al. (1999; 2006) reported variations in bond strength between the
coatings and the metallic substrates, alterations in HA structure due to the coating
process, poor adhesion between the metallic substrates and the coatings, non-uniformity
in coating thickness between vendors, and non-uniformity in coating density. The
thickness of the coatings can vary from 79 to 111 um (Rabiei et al. 2005). Although the
biocompatible properties of HA are excellent, the brittleness of the coating often results
in wear, cracking and fracture (Khor ef al. 2003). In a study by Rabiei and associates
(2005) it was indicated that thin HA coatings (2um) have a significantly greater coating-
metal interfacial strength compared with commercially available thick (70pum) plasma-
sprayed HA coatings (40 MPa vs. 9MPa).

In the present study, bone-implant interaction of functionally graded, thin HA
coatings were evaluated. These implant coatings consisted of a thin film of crystalline
coating covered by a thin film amorphous coating. The thickness of the graded coating
was 2um or less. The controls were non-coated Ti, plasma sprayed HA, Amorphous HA,
and Crystalline HA coatings. Push-out mechanical test were used to infer information
about the interfacial bond strength between the bone and the implant interface and
histological analysis was used to evaluate bone response in correlation with the interfacial
strength of the implants. These tests were performed at three weeks and nine weeks post
implantation.
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The push-out test results observed in the present study for graded HA coated implants
was not statistically different than the control implants at three weeks after implantation,
suggesting comparable interfacial bond strengths. At nine weeks post implantation all
groups had increased interfacial bond strengths. The graded coated implants interfacial
bond strength was greater than the Ti, crystalline HA, and amorphous HA, but not the
plasma sprayed HA. This result partially supported hypothesis I in that the graded HA
coated implants showed improved interfacial strength when compared to Ti, crystalline
HA, and amorphous HA, but not the Plasma sprayed HA. This was supported by the
histological findings, which at three weeks, indicated the presence of connective tissues
at the tissue-implant interface for all implant groups and by week nine, all HA coated
implants exhibited more bone formation at the bone-implant interface when compared to
the non-coated Ti implants. Qualitative assessment of bone at the interface supported the
second hypothesis, revealing that plasma sprayed HA had greater bone-implant contact
than the graded HA, followed by crystalline HA, amorphous HA and Ti.

29



CHAPTER 7. CONCLUSION

This study determined that the ultimate interfacial bone-implant strength of all
implant coatings and the non-coated Ti were similar at the three week post implantation
period. In addition, qualitative histological evaluation of the implants at this time
correlated with these findings showing mostly connective tissue at the implant interface
with some new bone formation. This was to be expected at this time period. However, at
nine weeks post implantation, the ultimate interfacial strength of the plasma sprayed was
statistically higher than the other coated and non-coated Ti implants. The graded and
crystalline coated hydroxyapatite implants resulted in statistically similar strengths due to
the early dissolution of the outer amorphous layer of the graded hydroxyapatite. This
dissolution caused the bone to react to the crystalline layer, thus resulting in similar push-
out strengths. The amorphous hydroxyapatite coated implants and non-coated titanium
implants resulted in statistically similar lowest strengths due to early dissolution of the
amorphous coating. This dissolution allowed the bone to react to the titanium implant,
resulting in similar push-out strengths. The qualitative analysis of the histological data at
nine weeks correlated with the interfacial bone-implant results.

To date, plasma spraying is the most commonly used method of depositing
hydroxyapatite coatings on titanium implants. Although it is financially feasible, the
commercially available plasma sprayed coatings can substantially differ in crystallinity,
thickness and surface characteristics between proprietors. Anyone of these variables can
have a distinct affect on how the tissue will respond. The functionally graded coatings
used in this study could possible eliminate some of the problems associated with the
commercially available plasma sprayed hydroxyapatite, especially the variability of the
coating thickness. Therefore, it is concluded that the functionally graded hydroxyapatite
films be further studied to improve tissue-implant interfaces for medical and dental
implants.
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