

















Figure 25. For the Sr-HA surface bone growth in direct contact with the STHA sur-
face was observed. The Sr-HA surface had the highest amount of bone formation
inside the threads compared with the rest of the groups.

The results in this study showed that the Ti implant surfaces were success-
fully modified by biomimetically prepared Sr- and Si- substituted apatite
surfaces. The coatings improved the bioactivity and promoted early bone
formation, which could lead to an improved osseointegration around the
implants.
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9. Conclusions

Firstly in this thesis the important initial step of apatite formation on single
crystalline rutile was studied. It was shown that the adsorption of Ca and P
ions was different on different faces of rutile TiO,. Further work also
showed that different surfaces treatments of Ti influences the water contact
angle, surface energy and ultimately the bioactivity of Ti. This thesis also
demonstrates that it is possible to incorporate biologically active ions into
apatite coatings using a biomimetic deposition method. The apatite coating
that was obtained had lower Ca/P ratio and higher solubility compared to
stochiometric hydroxyapatite coatings. The work further showed that the
incorporation of ions like Sr**, Si*" and F~ can modify the morphology,
crystallinity and solubility of the apatite coatings. Finally the in vivo results
indicate that ion substituted apatite coatings may promote early bone for-
mation.
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10. Future outlook

This thesis has shown the possibility to deposit ion substituted apatite coat-
ings on implant using a biomimetic method. Incorporation of biologically
relevant ions that can stimulate a specific cell response in vivo is an interest-
ing alternative to drugs for implant coatings. In the future more in vivo stud-
ies and ultimately clinical trials would be of interest for these ion substituted
apatite coatings. Another important issue to address in the future is the dose
of ions that is needed for a positive response in vivo (therapeutic window).
The therapeutic window for localized release of these ions is not yet fully
established. The biomimetic coatings are in general porous and of relatively
low mechanical strength, especially compared to denser coatings. Future
studies to optimize the porosity and thickness in relation to the clinical de-
mands of mechanical strength of the coatings are also needed.
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Svensk sammanfattning

Overlevnaden av ett benimplantat beror bland annat pa dess bulkegenskaper
och dess ytegenskaper. Av de materialrelaterade faktorerna, anses ytegen-
skaperna ofta vara den viktigaste parametern for den biologiska acceptansen
av ett biomaterial. Bulkegenskaperna & andra sidan paverkar de mekaniska
egenskaperna. For implantat som skall anvindas i skelettet, sisom exempel-
vis dentala implantat och ledimplantat, krdvs for en langvarig funktion att
biomaterialet forankras i benvdvnaden. Bristande forankring mellan implan-
tatet och benet okar risken for mikro-rérelser, infektioner, och mjukvévnads-
inkapsling, vilket reducerar dverlevnaden av implantatet, med revisionski-
rurgi som foljd. Med hjédlp av beldggningar och ytmodifiering kan man
skridddarsy egenskaper hos implantatytor och pa sé sitt ytterligare forbéttra
benbindning och beninvixt jimfort med omodifierade ytor. En mineralise-
ringsmetod, som till delar efterliknar de kemiska processerna vid mineralise-
ring av ben, kan anvindas for att framstélla en hydroxyapatitbelaggning pa
titansubstrat. Metoden baseras pa att materialet exponeras for en saltlosning
dér det keramiska ytskiktet falls ut pd materialytan. Genom att variera 16s-
ningens sammanséttning och andra processparametrar kan egenskaperna hos
den bildade ytbeldggningen varieras med avseende pa tjocklek, struktur,
kemisk sammanséttning och 16slighet. I denna avhandling har titanimplan-
tatytor optimerats genom utfdllning av jonsubstituerade hydroxyapatitbe-
laggningar. Biologiskt relevanta joner som strontium, kisel och fluor har
tillsatts till apatitbeldggningar pa savil vildefinierade enkristallina som po-
lykristallina titanoxidytor och experimentella titanimplantat. In vivo effekter
av de jonsubstituerade apatitbeldggningarna har studerats. Resultaten visade
att inkorporering av aktiva joner fordndrar belaggningsmorfologi, kristallini-
teten, sammansattningen och upplosninghastigheten av apatitbeldggningarna.
Biologisk utvérdering av de jonsubstituerade apatitbeldggningarna visade att
de har god biokompabilitet och kan frdmja tidig benbildning.
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