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Abstract

Hydroxyapatite is a material which is widely used in medicine. As an osteoconductive material, hydroxyapatite
is a source of substances which stimulate bone growth, thus inducing bone reconstruction and providing direct
connection of fibrocartilage callus with HAp layer. Implants coated with HAp layer quickly acquire stability in
bone tissue. However, HAp is demineralised in the course of time and it loses its original strength parameters,
which causes that hydroxyapatite is detached from prosthesis core. Hydroxyapatite is recognized by the bone
as a material store for bone system, which results in creation of demineralised areas. In such cases, the risk
of prosthesis loosening as a result of losing primary stability of implants in bone is dramatically increased. This
paper attempts to determine the parameters of porosity and decohesion force in HAp coating on implant
surface before implantation and after a particular time of presence in human body. Commercial implants will
be used as research material, with HAp layer used for connecting them with the bone. Prostheses (from hip
joint or shoulder joint) included in the study, characterized by specific lifetime, were removed due to asceptic
loosening from human body. The investigations were carried out using Nikon Eclipse MA200 microscope and
Scratch Tester (Revetest Express Instruments).
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1. INTRODUCTION

Bioceramic materials used for implants must have a particular set of functional properties. These properties
are not identical with metallic biomaterial properties. Some of them are even different and unattainable by
metallic materials. Complementary properties of metallic biomaterials are a good base for designing composite
implants with different properties and more adapted to functional requirements, which in consequence has
crucial effect on long-term, safe and reliable use [4].

Due to chemical and mineralogical similarity to non-organic substance of bones and teeth, hydroxyapatite
bioceramics do not exhibit either cytotoxic or carcinogenic effects. Furthermore, bioceramics are characterized
by high biocompatibility with respect to both soft and hard tissues. With its bioactivity, hydroxyapatite implants
might be directly connected with bone [1].

Hydroxyapatite is a material very broadly applied in medicine. As a osteoconductive material, it is a source of
substances which induce creation of bones and it is osteoinductive, which allows for direct osseointegration of
HAp with bone. This ensures broad application for implants which do not require additional substances for
connection of prosthesis with the bone (e.g. PMMA). Furthermore, during the process of osteogenesis, it
stimulates reconstruction and regeneration of the bone, which binds the surface of hydroxyapatite implant with
bone tissue [6, 2].

2. EXPERIMENTAL PROCEDURE

Commercial components coated with a layer of HAp, manufactured by world leading companies, used in
reconstruction surgeries were used during the investigations. 10 prostheses removed from human body after
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different periods of use were analysed. It was determined that the pore size for the research material should
remain at the level of 160-240um [7].

Structure of HAp in primary phase (before implantation in human body) was characterized with high
homogeneity, which is presented in Fig. 1.

Fig. 1 Microstructure and surface profile of HAp before using in human body

As initial investigations the roughness parameters measurements were taken on the surface of a new structure
of HAp Fig. 1a. Measurements of roughness parameters revealed that: Ra = 6.45um, Rz = 35.6 um, Rmax =
47.5 pm, Rt = 47.2 pym, and Rq = 8.54pum.

As initial investigations the roughness parameters measurements were taken on the surface of a new structure
of HAp Fig. 1b. Measurements of roughness parameters revealed that: Ra = 5.6um, Rz = 32.1 um, Rmax =
35.1 um, Rt = 36.8 um, and Rq = 7.00um.

The parameters analyzed for the components of arm prosthesis exhibited similar levels.

The assessment of the roughness profile and microstructure of the surface of HAp removed from human body
after a period of 6 to 50 weeks revealed that the parameters do not considerably change in the case of this
duration of use. It was also found that the osseointegration in the components removed after 6 weeks (see
Fig. 2a) covered a surface area of ca. 6 to 8%, whereas after 50 weeks, the area was extended to 96-100%
of the surface (see Fig. 2b).
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Fig. 2 Primary bond between HAp and bone after 6 - 50 weeks

The irreversible changes in the structure, thickness of the layer and pore size were observed in HAp removed
from the body after a period longer than 6 years (Fig. 3).
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Fig. 3 Connection of HAp with bone after 6 years

Although osseointegration seems to occur on the entire surface, ca. 30-52% of the surface exhibited a
demineralization of the analyzed layer. The analysis of literature reveals that a decline in the thickness of
hydroxyapatite layer below 150um causes a considerable deterioration of strength properties and
adhesiveness of the layer to the core material [3, 5]. This is of essential importance to the components which
are expected to be used under conditions of variable stress. It was found, based on the analysis of surface
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topography, that roughness parameters of the HAp layer removed from human body after ca. 6 years were:
Ra=11.2 +12.67 pm, Rz = 47.6 + 52.3 um, Rmax = 57.9 + 94.2 um, Rt = 64.8 + 94.5 ym, and Rq = 13.19 +
16.07 pm.

Prostheses used in the body for the period of over 10 years showed very high changes which resulted from
physicochemical and biological processes. A very high resorption of HAp with the bone and a number of places
where prosthesis was devoid of HAp layer were observed and there were only residual parts of HAp on metallic
foundation, which is presented in Fig. 4.

A visual analysis of the surface of prostheses confirmed that the HAp layer was destroyed entirely in ca. 10%-
15% of the surface, whereas thickness of the layer in 75 % of the surface did not exceed 80um.
The maximal thickness of HAp layer in the remaining area was not greater than 115um.

Fig. 4 HAp surface after ten years of using in human body.

Demineralization of HAp can be also observed, being a consequence of osteoconduction and osteogenesis
that occur over the period of use of the prosthesis in human body. Biochemical and biophysical phenomena
result in changes in the structure of hydroxyapatite and deterioration of its functional properties, with particular
focus on a decrease in porosity and thickness of the layer compared to the material before its use in human
body. The surface of hydroxyapatite coating is relatively smooth, without pores, and its roughness parameters
are: Ra=2.6 +3.37 um, Rz =8.9 + 14.7 um, Rmax =19.6 + 20.5 ym, Rt = 19.6 + 20.5 pm, and Rq = 3.68 +
4.79 pm.
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Evaluation of decohesion forces on the layer of implant coating allowed for the determination of mechanical
parameters of the coating and comparison of the parameters of HAp-stem connection before and after using
in human body.

The empirical testing consisted in a controlled scratching of the surface of an HAp-coated implant with a
diamond indenter with the increasing load (Measured [N]). The results compare the values of the parameters
analyzed for the layers after 10-year period of use in human body (Fig. 5).

Fig. 5 Decohesion forces in HAp layer before and after its use in human body

Fig. 6 Critical load: a) for strength Ft1, b) for strength Ftz.

The investigations showed that, with a preset load, Measured [N], the force Ft [N] is a force which causes
delayering of HAp from base material. It was found that the elongation of the period of use of hydroxyapatite
in human body causes that the value of the force Ft, necessary for delayering of HAp from base material,
decreases significantly. The level of decohesion force for the HAp which was not used in human body varies
from manufacturer to manufacturer within the range of Ft1=115+135 [N], whereas decohesion for the same
type of prosthesis used in human body for more than 10 years is reduced to Ft2 = 70+85 [N].

The decrease in surface adhesiveness to the core of prosthesis causes local delayering of HAp and losing
bone-prosthesis connection. Over a longer period of time, when demineralization of HAp and cyclic load occur
as a consequence of everyday human activity, the areas of instability are extended, which consequently leads
to the destabilization of the prosthesis in the bone.

YR, - S5+

Hydroxyapatite is a material which has been successfully used in medicine and is characterized by very high
biocompatibility and porosity. After implantation, a fast and stable osseointegration with the adjacent tissues
occurs, which results in stable connection. The investigations presented in this study showed that HAp after a
period of ca. 6 weeks is integrated with the bone at the area of ca. 8% and, despite such an insignificant area
of integration, it presents a firm and stable connection. Full osseointegration takes nearly 50 weeks. However,
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as a result of resorption, HAp pore size is not constant and the surface structure changes over the time. This
phenomenon is very unfavorable since the optimal open pore size which is conducive to integration of
vascularized fibrocartilage callus ranges from 100um + 250um. With this porosity and a particular HAp
architecture, penetration of the fibrocartilage callus might reach the depth of 1000um. In the case of bigger
pores or rebuilding of the primary architecture, connective tissue might be growing on the surface of an implant
and the implant might lose its stability. Another problem which results from demineralization of HAp is changes
in its thickness and chemical composition. This has a considerable effect on the life of connection of HAp layer
with base material. The clinical material removed from human body after the period of 6 years exhibited
significant structural changes in HAp, whereas 10-year period of use in human body caused that the coating
was delayered on a substantial part of the prosthesis, which consequently led to losing the stability of the
prosthesis and the necessity of reimplantation.
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