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Introduction

Bone resorption around stress-shielded area in bone fixation
treatments is an important consideration within clinical sectors.
To reduce the effect, a secondary surgery is usually required to
remove the fixation devices after healing has completed Li [1].
This procedure may create additional surgical risks to the patient
Beaupre et al. [2,3]. A biodegradable fixation device is a possible
solution to counter this situation Li [1]. Among all the degradable
biomaterials, magnesium alloy with its unique mechanical
properties of metal has an advantage in fixation operation. Li [1,4-
7] Magnesium and its alloys possess similar elastic modulus (41-45
GPa) and density (1.72-1.84 g cm™) to that of bones (15-25 GPa;
1.8-2.1 g cm™®) Staiger et al. [8], making them more bone friendly
than other metal-based alloys with higher density. Magnesium
ion, the major degradation product, is tolerable by human body
in considerable amount Trumbo et al. [9], with no toxic byproduct
formed during the degradation process Lietal. [1,4,5]. Furthermore,

magnesium implants have shown to stimulate new bone formation
when used as bone fixture Witte et al. [10]. In this study, two
magnesium-alloys with low and high zinc composition, namely
LZnMg and HZnMg, were put under in-vivo evaluation inside the
femur of S.D rats. Degradation rate and bone compatibility of the
alloys were monitored online with micro CT within an 24 weeks
duration [11-15].

Results

Degradation Behavior

The degradation process of the implant is visualized by 3D re-
construction images, as shown in Figure 1. The differences in the
remaining volume and the degradation behaviors were already dis-
tinguishable at early stage (1 month) of the experiment. By week
4 there was an obvious volume loss in pure Mg implants [16-20].
The average volume was reduced by an average of 45% from its
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original volume [21,22]. In comparison, an average loss of only 4%
isrecorded in LZnMg implants while the structure remained almost
unchanged except the formation of small and shallow pits on the
surface [23-25]. For the H, Zn, Mg implants, over half of the implant
volume was lost within 4 weeks and there was obvious change in
implant dimensions. A sharp reduction in implant volume in week
16 was found in Mg group, while fragmentation of implant begins
at week 6 in the H, Zn, Mg group. On the contrary, little dimension

change could be detected inside LZnMg groups throughout the 24
weeks period. Degradation of LZnMg remained slow throughout
the 24 weeks period. There was increasing amounts of small and
shallow surface pits with an overall intact structure [26-30]. Over-
all, the degradation process in pure Mg implants was relatively uni-
form compared to H, Zn, Mg until the shape decreases in volume af-
ter week 12. For H, Zn, Mg, the implants generally disintegrate into
small pieces by week 12 and completely degraded within 16 weeks.

Figure 1: Micro-CT 3D reconstructions of the implants from day 0 to week 24.

Surrounding Tissue Response

Newly grown cortical bone could be found in all samples, as
seen in Figure 2. Soft bone callus was found above the pure Mg and
H, Zn, Mg implants. For the pure Mg group, bone callus appeared
between week 3 and week 4, and a gap was observed between
the cortical bone and the drill hole. These gaps, together with the
drill holes, were eventually filled by the new cortical bone at later

stage of healing (Figure 3). In the H, Zn, Mg group, bone callus was

found between week 3 and week 8 [31-35]. The rate of new bone
formation was not fast enough to cover the loss of implant volume.
After complete degradation, the drill holes could still be observed
until week 20. At the end of the experiment, there was an increase in
thickness of the cortical bone. A small pit could sometimes be found
on the surface of the femur. No callus formation could be observed
with LZnMg implantation. Thin layers of new cortical bones were

found around the implant instead.

Figure 2: Micro-CT reconstructions 2D images showing the gas formation and the interaction between the implants and the

bone growth at weeks 12, 16, 20, 24.
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Figure 3: (a, d, g) Images of the extracted femurs at the end of the experiment (t = week 24).

Calcified tissue could be found proliferating around the implant
at around week 5 of the experiment, which was considerably
earlier than other experimental groups [36,37]. Nevertheless, the
degradation process was not completed, and the implants could
still be found occupying the drill hole at week 24. New bone growth
is indicated by the light shallow area around the operation area.
Gas capsule is seen around the implant indicated by the dark empty
space. Histological staining indicated that there were close contact
between bone and pure magnesium implant residues. New bones
could grow around the implant material, as shown in Figure 3.
Similar observation was found in samples with LZnMg implants,
where new bones could grow around and make close contact
with the implanted material. The drill hole was still occupied by
the implant in this experimental group due to the much slower
degradation rate [38-40].

In the experimental group implanted with H, Zn, Mg, the implant
completely degraded after 24 weeks. In both experimental groups
with magnesium alloy implants, dark particles are found near the
implant site under histological sections (Figure 3). The implant or
the drill hole can still be seen clearly on the femurs of most samples.
Toluidine Blue O staining of the cross-sections (side view: b, e, h;
top view: ¢, f, i) of the implants and bones harvested at week 24.
Black circles in (b) indicate the filled gaps and drill holes by new
cortical bone. Red circles in (f, i) indicate particles/debris located
near the operation area in experimental groups implanted with
magnesium-alloys [40-43].

Conclusion

Degradation process and bone compatibility of magnesium
can be modified with Zn/Mn alloying. The LZnMg alloy in this

presented study can provide good structural integrity throughout
a 24 weeks implantation in the femur of rat models. The alloy can
also allow the formation of a close bone-implant interface, with
new bone formation next to and around the implant. All these
findings demonstrated the LZnMg alloy’s potential as the basial
material of an new orthopaedics fixation device. Evaluation on
toxicity measurement and biomechanical properties during the
degradation is suggested for further investigation.
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