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Abstract

ABSTRACT

Introduction : Lost teeth are replaced by endosseous implants to improve
quality of life. The most commonly biocompatible material used for the
manufacturing of dental implants is commercially pure titanium (Ti).
Hence zirconium (Zr) implants are known for having an aesthetically
pleasing tooth-like color. However, both materials still need modification
to improve their surface properties. As germanium has appropriate
properties like biocompatibility and antibacterial activity and as the coating
technique thermal vapor deposition is considered as a suitable technique
used with germanium.The aim of this study was to use germanium in
coating titanium and zirconium implants to modify their surface features
and properties in order to enhance the osseointegration.

Materials and methods: In the in vitro study Zr and Ti discs were
divided into four groups; the uncoated control group (Zr & Ti) was only
grit-blasted with alumina particles while the coated experimental group
(GeZr & GeTi) was grit-blasted then coated with Ge via thermal vapor
deposition. Field emission scanning electron microscopy (FESEM),
energy-dispersive X-ray (EDX) spectroscopy, X-ray diffraction (XRD),
atomic force microscopy (AFM), contact angle measurements test,
biofunctionalization by simulated body fluid immersion test, Vickers
microhardness (VH), cross-hatch adhesion tests, and antibacterial activity
examination. For the in vivo part of study, four discs,one from each
group(Ti,GeTi,Zr,GeZr)were subcutaneously inserted in white New
Zealand rabbits for evaluation of skin inflammatory reaction.In
addition,four screws, one from each group (Ti, GeTi,Zr,GeZr) were
inserted in the femur bone of each rabbit; followed by biomechanical
torque removal test, histological and histomorphometrical evaluation of

periimplant bone after 2 and6 weeks after implantation .
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Results: XRD phase analyses for the GeZr and GeTi samples showed Ge
peaks with no alteration in Zr or Ti crystalline structure. The FESEM
examination revealed a continuous coating with no cracks. The mean
surface roughness of the GeTi, has statistically the highest mean value
among the other studied groups(GeZr,Ti,Zr)at (P<0.01). For the water
contact angle measurement, Ge-coated Ti has statistically significant the
lowest mean value among the studied groups (Ge Zr,Ti ,Zr)at (P<0.01).
The cross-hatch adhesion of all the examined samples was 0%, thereby
indicating good coating adhesion. Biofunctionalization using simulated
body fluid immersion test revealed obvious calcium phosphate compound
precipitation (with needle-like appearance) in both Ge-coated specimens in
comparison with the uncoated group.

Vickers microhardness test indicate a decrease in hardness mean values for
Ge coated groups with significant decrease in GeZr group when compared
with uncoated Zr group (P<0.01). The antibacterial activity of both Ge-
coated groups were higher than uncoated groups. Moreover, the
biomechanical removal torque of GeTi was significantly higher than the
mean value of other studied groups at both healing intervals (2-6) weeks
(P<0.01). Interestingly, Ge improved osseointegration without causing
abnormal soft tissue inflammatory responses. Microscopical and
histomorphological analyses for the soft and bony tissue revealed a good
tissue response.

Conclusion: Coating Zr&Ti implants with Ge via thermal vapor deposition
enhances their physical and chemical properties, optimizes tissue health,
increases antibacterial activity, and improves osseointegration, suggesting

its potential as a dental implant coating material.
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