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In vitro and in vivo studies on as-extruded Mg-
5.25wt.%Zn-0.6wt.%Ca alloy as biodegradable metal
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Yubo Fan1,2,6*

ABSTRACT Magnesium alloys have shown prospective ap-
plications as a new biodegradable metal within bone. To
garantee the longterm biocompatibility, a Mg-Zn-Ca alloy,
composing of essential elements for human, was prepared and
its feasibility for orthopedic applications was investigated. The
in vitro and in vivo corrosion of Mg-Zn-Ca alloy as well as the
biocompatibility were studied. The in vitro corrosion tests in
five kinds of physiological solutions showed that the corrosion
rates and corrosion morphologies of the alloy were strongly
influenced by the solution used. The addition of serum in
Hank’s and MEM significantly slowed down the corrosion rate
and improved the corrosion uniformity of the alloy. The
corrosion rate decreased with increasing serum concentration.
The alloy showed the slowest corrosion rate as well as homo-
geneous corrosion morphology in MEM+10%FBS. Both the
indirect and direct cell experiments indicated good cyto-
compatibility of the extruded Mg-Zn-Ca alloy. In vivo, we
observed a gradual degradation process from the surface of
extruded Mg-Zn-Ca alloy and only 40% in volume of implant
was left after 4 weeks implantation in medullary cavities of
mice. The micro-CT and histological analyses revealed its
good biocompatibility with peri-implant new bone formation
and increasing cortical bone thickness with increasing im-
plantation period. This study showed that the extruded Mg-
Zn-Ca alloy provided sufficient biocompatibility for ortho-
pedic application, though the in vivo corrosion rate should be
further reduced for clinical use.

Keywords: magnesium alloy, corrosion, biocompatibility, bone,
biomaterial

INTRODUCTION
Metallic biomaterials have been widely used as orthopedic
implants. Traditionally, there is a focus on improving the
corrosion resistance of metallic biomaterials, not only
because corrosion determines the service life of devices,
but also due to the side effects caused by the corrosion
products [1–3]. In some clinical applications, such as
fracture treatment, permanent metal implants are not
necessary or even disadvantageous [4]. Degradable bio-
materials would be much more suitable for temporary
implants, which could assist in bone healing and gradu-
ally dissolve without implant residues, and hence a sec-
ond surgery for implant removal can be avoided.
Magnesium alloys are promising candidates for tem-

porary implants [5–9]. Magnesium alloys can corrode
gradually in physiological environment. The releasing of
magnesium is not harmful but beneficial to new bone
growth around the magnesium implants. Excessive
magnesium will be excreted in the urine. For orthopedics,
magnesium alloys have high specific strength and its
elastic modulus is close to bone which helps to eliminate
the stress shielding effect. For orthopedic use, a slow
homogeneous corrosion, adequate mechanical strength as
well as the sufficient biocompatibility was recommended
for magnesium alloys.
A number of magnesium alloys have been under in-

vestigation. Aluminum (Al) and rare earth elements
(REEs) were usually used to elevate the strength of
magnesium and to reduce the corrosion rate. Some Al-
and REEs-containing alloys, such as AZ91 [10], LAE442
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[10,11], WZ21 [12] and Mg-Nd-Zn-Zr [13], were tested.
Al is a well-known neurotoxicant and associated with
dementia and Alzheimer’s disease [14]. Highly con-
centrated REEs were observed in different inner organs in
rabbits after long-term implantation of rare earth-con-
taining magnesium alloys [11]. Hence, the inclusion of Al
and REE in magnesium alloys is controversial from a
medical point of view. The elements that exist in the
human body and also retard the corrosion of magnesium
alloys are promising candidates for alloying. Calcium is
one of the major components in human bone and the
release of Ca ions may improve the bone healing process.
Our previous study on binary Mg-Ca alloys reported the
dose-dependent effect of Ca on the materials’ mechanical
and corrosion properties [15,16]. The corrosion of Mg-Ca
alloy was reduced by the addition of Ca up to 1 wt.%,
while higher Ca addition resulted in increased corrosion
rate [15]. Zinc is an essential trace element in human
body and has basic safety for biomedical use. Ad-
ditionally, zinc contributes to the overall strength of
magnesium alloys due to the solid solution and pre-
cipitation strengthening effect [17]. Yan et al. [18] de-
monstrated that Mg-Zn alloy performed better than Ti-
3Al-2.5V by promoting healing and reducing inflamma-
tion. Based on the aforementioned considerations, several
Mg alloys have been investigated with the addition of
different contents of Ca and Zn [19–22]. All the previous
studies acknowledge the biosafety of Ca and Zn addition
in magnesium and support the great potential of Ca- and
Zn-containing magnesium alloys for implant applica-
tions.
Our previous study has demonstrated that Mg-5.25Zn-

0.6Ca alloy may offer a good combination of high
strength and simultaneously high ductility. The yield
strength ranged in 130–250 MPa, tensile strength ranged
in 220–330 MPa and the elongation ranged in 12%–27%
[23,24]. The mechanical properties meet the requirements
of magnesium alloys for bone use [13]. The purpose of
this study is to investigate the in vitro and in vivo cor-
rosion as well as the biocompatibility of Mg-5.25Zn-0.6Ca
alloy to take further insight into the feasibility for or-
thopedic application.

EXPERIMENTAL SECTION

Materials preparation
The material used in this investigation was an extruded
Mg-Zn-Ca alloy having a composition of Mg-5.25wt.%Zn
-0.6wt.%Ca. The cast ingot was indirect-extruded with an
extrusion ratio of 20:1 at 300°C. The specific processing

route and microstructures of extruded Mg-Zn-Ca were
described in our previous work [15,23]. Disk samples,
with 12.0 mm in diameter and 2.0 mm in thickness, were
cut from the extruded bars for the in vitro corrosion and
cell culture experiments. Cylindrical rods with 0.7 mm in
diameter and 5.0 mm in length were machined from the
extruded bars as intramedullary nail for implantation in
mice. Each sample was mechanically polished with SiC
paper up to 2000 grit and ultrasonically cleaned in acet-
one, absolute ethanol and distilled water for 10 min each.
All samples were sterilized by ethylene oxide (ETO) be-
fore testing.

Corrosion test
The corrosion behavior of magnesium alloys is very
sensitive to the aggressive environment. It was reported
that the corrosion rates varied by a factor of 100, de-
pending on the different compositions of solutions, i.e.,
buffer, protein [25]. Therefore, five test solutions in-
cluding Hank’s solution, minimum essential medium
(MEM) and those solutions supplemented with different
concentrations of fetal bovine serum (FBS) were used.
The ion concentrations in the five solutions are presented
in Table 1.
The hydrogen evolution tests were carried out in the

five solutions following the protocol described in our
previous studies [26–28]. 0.2% Sodium azide was added
in the medium to kill the bacterial and the solutions were
changed every 2 days. The temperature was kept at 37
±0.5°C in the water bath. After 7 days immersion, the
samples were removed from the solution, rinsed with
distilled water and dried in warm air. The corrosion
products were removed in chromic acid for 20 min. In
addition, changes in the surface morphologies and com-
positions of the samples after corrosion were observed by
an environmental scanning electron microscope (ESEM,
Quanta 200FEG) equipped with an energy dispersive
spectrometer (EDS). An average of three measurements
was taken for each group.

Cytotoxicity tests
Human osteosarcoma cells (MG63) were used in the in
vitro cell culture experiments. They were cultured in
MEM, 10%FBS, 100 U mL−1 penicillin and 100 μg mL−1

streptomycin in a humidified atmosphere with 5% CO2 at
37°C. The cytotoxicity of the material was evaluated by
both the indirect and direct cell assays.
For the indirect cell assay, extracts were prepared with a

surface area to extraction medium ratio of 1 mL cm−2 in a
humidified atmosphere with 5% CO2 at 37°C for 72 h
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incubation. The supernatant fluid was withdrawn, cen-
trifuged and then diluted into 50% and 10% concentra-
tions. MG63 cells were incubated in 96-well cell culture
plates at 3×104 cells/mL in each well for 24 h to allow
attachment. The medium was then replaced with 100 μL
extracts. 100 μL MEM+10%FBS medium was used as a
negative control and 100 μL 10% dimethyl sulfoxide
(DMSO) medium was used as a positive control. After 1,
3 and 5 days culture periods, 10 μL 3-(4,5-dimethyl-2-
thiazolyl)-2,5-diphenyl-2H-tetrazolium bromide (MTT)
was added to each well followed by incubation for 4 h,
and then 100 μL formazan solubilizing solution (10%SDS
in 0.01 mol L−1 HCl) was added to each well. After further
incubation overnight, the spectrophotometric absorbance
of each well was measured by a microplate reader (Bio-
RAD680) at 570 nm with a reference wavelength of
630 nm.
For the direct cell adhesion assay, 1 mL cell suspensions

were seeded onto the samples at a cell density of 5×104

cells/mL. After 1 and 3 days culture, the samples were
rinsed with PBS for three times and then fixed in 2.5%
glutaraldehyde solution for 2 h at room temperature. The
samples were then dehydrated in a gradient ethanol/dis-
tilled water mixture (50%, 60%, 70%, 80%, 90% and
100%) for 10 min each. The morphologies of the cells
adhered to the surfaces of samples were observed by
ESEM.

Surgery
Animal experimental protocol was approved by the An-
imal Ethics Committee of the Chinese University of Hong
Kong (Ref. No.10/049/MIS). Eight 3-month old C57BL/6
mice were randomly assigned into two groups (n=4).
Animals were generally anesthetized with ketamine

(75 mg kg−1) and xylazine (10 mg kg−1) for surgery and
the left knee of mice was scrubbed with 25 g L−1 tincture
of iodine and 70% ethanol. The Mg-Zn-Ca alloy rods
were implanted into predrilling holes (0.7 mm in dia-
meter and 5 mm in length) in the left femur along the
axial of shaft from distal femur. The predrilled bone
tunnel was left empty as the control group. The wounds
were then carefully sutured and the mice were housed in
an environmentally controlled animal care laboratory
after surgery. The change of serum magnesium, zinc and
calcium was measured 4 weeks post-surgery, in compar-
ison with the control group.

Radiographic and micro-CT evaluation
The sequential radiographs of the distal femur were taken
(30 kV, 3 s) for general inspection of healing process
every week post-operation. An in vivo micro-computer-
ized tomography (micro-CT, Viva CT40, Scanco Medical
AG, Brüttisellen, Switzerland) with a voxel size of 20 μm
was used to monitor the degradation of magnesium im-
plants and bone healing in the distal femur of mice every
week over 4 weeks post-operation. The two-dimensional
(2D) images were acquired directly from the scanning
and the three-dimensional (3D) structure was re-
constructed by the volume of interest (VOI) where an
optimized threshold was used to isolate the bone and
implants from the background. The volume changes of
implants were measured on the digitally extracted tissue
to calculate the in vivo corrosion rate [27]. The bone
mineral density (BMD) and the cortical bone thickness
were also determined.

Histological evaluation
Four weeks post-operation, the explanted femurs were

Table 1 Ion concentrations in five corrosion solutions (mmol L−1)

Hank’s solution Hank’s +10% FBS Hank’s +20% FBS MEM MEM+10% FBS

Na+ 142 142 142 143.3 143.3

K+ 5.9 5.9 5.9 5.4 5.4

Ca2+ 1.3 1.3 1.3 1.8 1.8

Mg2+ 0.8 0.8 0.8 0.8 0.8

HCO3
− 4.2 4.2 4.2 26.2 26.2

Cl− 145 145 145 125.2 125.2

HPO4
2− 0.8 0.8 0.8 0.96 0.96

SO4
2− 0.8 0.8 0.8 0.8 0.8

Glucose 5.6 5.6 5.6 5.6 5.6

Amino acid (g L−1) – – – 0.55 0.55

FBS – 10% 20% – 10%
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harvested and fixed in 4% buffered formaldehyde. Fol-
lowed by gradient dehydration, embedding and poly-
merization in methylmethacrylate resin, 5 μm thin slices
were prepared with a LEICA 2500E microtome. Then the
slices were stained with Goldner’s trichrome stains, and
microscopically examined.

Statistical analysis
Statistical analysis was conducted with SPSS 10.0. Dif-
ferences between groups were analyzed using an analysis
of variance (ANOVA). Statistical significance was defined
as p<0.05.

RESULTS AND DISCUSSION

In vitro corrosion of Mg-Zn-Ca alloy
Five simulated body fluids were used to evaluate the in
vitro corrosion of Mg-Zn-Ca alloy. The resulting corro-
sion behaviors vary significantly depending on the used
solution, as shown in Figs 1 and 2. Mg-Zn-Ca alloy ex-
hibits fast corrosion in Hank’s solution, with a rough
corrosion product layer and broad distribution of cor-
rosion pits beneath the corrosion product layer (Fig. 2a)
after 7 d corrosion. Compared to the Hank’s solution, a
lower corrosion rate is observed for the samples im-
mersed in MEM (Fig. 1). In contrast to the strong loca-
lized corrosion attack observed for samples in Hank’s
solution, the samples in MEM show a more uniform
corrosion attack and less distribution of corrosion pits
(Fig. 2d). This phenomenon might be related to the in-
creased concentration of bicarbonate from 4.2 mmol L−1

(for Hank’s solution) to 26.2 mmol L−1 (for MEM). Bi-
carbonate ions reduced the pH value of the solution and

thus accelerated the corrosion of AZ31 when [HCO3
−]

<12 mmol L−1 [29]. For [HCO3
−]>12 mmol L−1, MgCO3

was fast precipitated on magnesium surface and sup-
pressed the pitting corrosion [30]. Wagener and Virtanen
[31] found high amount of carbonate groups on the
surface of magnesium after immersion in DMEM, which
may suggest the formation of MgCO3. In addition, the
lower concentration of chloride ions (Table 1) may con-
tribute to the slower corrosion rate in MEM than in
Hank’s solution, since it is known to be notorious for the
corrosion of magnesium. Furthermore, Wagener and
Virtanen [31] revealed the formation of a double-layered
corrosion product layer on magnesium after immersion
in DMEM in air, consisting of an inner porous layer and a
compact outer layer. The compact outer layer composing
of calcium phosphate compounds reduced corrosion
significantly.
The addition of serum into the Hank’s solution results

Figure 1 Hydrogen evolution volume of Mg-Zn-Ca alloy as a function
of immersion time in different solutions.

Figure 2 Surface morphologies of the samples immersed in different solutions for 7 days: (a) Hank’s solution, (b) Hank’s+10%FBS, (c) Hank’s+20%
FBS, (d) MEM, (e) MEM+10%FBS (1) before and (2) after cleaning the corrosion products by CrO3. The arrows in (b1) and (c1) indicate the
intermetallics in Mg-Zn-Ca alloy.
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in a significantly reduced corrosion rate of the samples
(Fig. 1) as well as a more uniform corrosion surface
morphology. Compared to the samples in Hank’s solu-
tion, a relatively even and thin corrosion product layer is
observed on the samples’ surface with obvious scratch
and intermetallic (arrows in Fig. 2b1, c1). Moreover, less
corrosion pits was seen on the samples’ surface in Hank’s
+FBS solution (Fig. 2b2, c2). The EDS results indicate the
significant reduction of O, Ca and P weight percentage as
well as the increment of Mg intensity on the samples’
surface in Hank’s+FBS solution (Table 2), demonstrating
the less corrosion product precipitation. Moreover, the
corrosion rates of the samples decrease with increasing
amount of serum concentration (Fig. 1). Serum or pro-
teins certainly influence the magnesium corrosion by
chelation reactions with Mg2+ and accelerate the dissolu-
tion of magnesium [32,33]. On the other hand, proteins
would also adhere on magnesium to form a protein-
containing protective layer against corrosion [32,34]. Both
of these effects depend on the nature of magnesium sur-
face and protein in question. The slower corrosion rates
are also observed due to the addition of serum in MEM.

In vitro and in vivo biocompatibility of Mg-Zn-Ca alloy
To evaluate the cytocompatibility of Mg-Zn-Ca alloy,
both the extract and direct assay were carried out (Fig. 3).
Severe cytotoxicity is observed for 100% extract. Similar

phenomenon was also reported for 100% magnesium
alloy extract, because of the alkaline stress, osmolality [35]
or magnesium concentration [36]. After 2 and 10 times
dilution, the cytotoxicity is reduced and at Grade 0–1 (see
Fig. 3a). In addition, MG63 cells were directly seeded on
the Mg-Zn-Ca substrate. Cells attach well on the samples’
surfaces with flattened spindle shape after 1 d culture and
substantial cell proliferation is observed by day 3, as
shown in Fig. 3b, c.
In vivo, all the animals were in a good general condition

until sacrifice, indicating no systemic effects of the Mg-
Zn-Ca alloy. Fig. 4a shows the radiographs of distal fe-
mora with Mg-Zn-Ca implants 0–4 weeks post-surgery.
The nature of magnesium degradation is associated with
hydrogen gas evolution, which is detectable as the low
density shadow in the soft tissue around the implant. The
gas shadow is more obvious in the 2D micro-CT tomo-
graphs and we observed the gas release right after surgery
(Fig. 4d). The gas is generated within bone and spreads
from bone to more loose soft tissue, i.e., subcutaneous
tissue. Thus the subcutaneous emphysema was observed,
which might lead to the displacement of neighboring
tissue and the degrading implants [15,27]. A small
amount of hydrogen gas release is tolerable because the
gap between tissues and implants can be refilled with cells
afterwards [20]. However, excessive hydrogen evolution
in vivo reduced the survival rate of rats with magnesium

Table 2 The chemical compositions (wt.%) of the corrosion products of Mg-Zn-Ca alloy after 7 days immersion in different solutions

C N O Mg P S Ca

Hank’s 5.54 – 43.23 17.74 13.06 0.07 20.34
Hank’s+10%FBS 7.98 2.08 32.78 39.8 5.64 0.23 11.49

Hank’s+20%FBS 16.74 3.17 25.51 43.93 4.48 0.28 5.89
MEM 6.33 1.63 38.95 33.14 7.33 0.13 12.5

MEM+10%FBS 13.2 2.8 25.9 46.7 3.7 0.3 7.3

Figure 3 (a) MG63 cell viability of Mg-Zn-Ca alloy extracts diluted with different concentrations; cell morphologies cultured on the samples for (b) 1
and (c) 3 days.
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implants [37]. In the present study, the gas can be quickly
exchanged with the surrounding tissue [38] and vanishes
without a special treatment. The gas evolution is limited
and thus no adverse effect due to the gas formation is
detected during the implantation period.
At the same time, peri-implant periosteal reaction is

observed since the second week post-surgery (see Fig. 4c).
one week post-surgery, the surface of the distal femur was
smooth. Some new bone formation was observed in the
next two weeks. At week 4, the newly formed bone was
integrated and formed a relative smooth surface. From
the 2D tomographs of cross-sections of the distal femur,
we could see the circumferential osteogenesis with in-
creased cortical bone thickness (Fig. 4d). The peri-im-
plant cortical bone thickness was significantly higher than
that of the control 2 weeks post-surgery (p<0.05) and the
bone thickness increased with increasing implantation

period (Fig. 5a). The micro-CT results show that the
thickness of peri-implant cortical bone is ~550±70 μm at
week 4. There is no significant difference of peri-implant
BMD in the Mg-Zn-Ca alloy and the non-implanted
control group during the four weeks implantation period
(Fig. 5b).
The histological observation at week 4 post-surgery also

shows higher cortical bone thickness (Fig. 5c, d) for the
Mg-Zn-Ca alloy group. Additionally, the new bone for-
mation is also observed in the vicinity of implants in the
medullary cavity and periosteal area, which is not seen in
the control group. An explanation for the new bone
formation is the increased concentrations of magnesium
in combination with an increase in local pH values, which
would enhance the nucleation rate of apatite and improve
the mineralization [20,27]. Similarly, a stimulating effect
and a significant enhancement in bone formation were

Figure 4 (a) X-ray radiographs of a representative mouse femur with intramedullary implants post-surgery; 3D micro-CT topographies of whole
outline of (b) the implant and (c) the distal femur of the mouse; 2D cross-section images from micro-CT at two regions of a representative mouse
femur with the implant post-surgery: (d) proximal part of the distal femur and (e) distal part of the distal femur as indicated by the white lines in (c)
(scale bar: 1.0 mm).
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also observed around the magnesium implants in pre-
vious studies [11,15,20].
In this study, the daily released magnesium is

0.5 mg cm−2 day−1, which is far below the daily allowance
of magnesium uptake 0.7 g day−1 [39]. At week 4 post-
surgery, there is no statistically significant difference
(p<0.05) of serum magnesium between the magnesium
group (20.4±0.4 μg mL−1) and control (21.7±0.7 μg mL−1).
The stable serum magnesium level attributes to the
homeostatic control of serum magnesium concentrations
by kidney and/or bone, which provides a reservoir of
large concentrations of magnesium to buffer acute
changes in serum magnesium [20]. Moreover, the serum
zinc and calcium showed no statistically significant dif-
ference (p< 0.05) between the control group (Zn 0.04
±0.03 μg mL−1, Ca 7.39±0.27 μg mL−1) and the implanted
mice 4 weeks post-surgery (Zn 0.03±0.01 μg mL−1, Ca
6.69±0.25 μg mL−1), indicating the good biocompatibility
of Mg-Zn-Ca alloy.

In vitro vs. in vivo corrosion of Mg-Zn-Ca alloy
Table 3 compares the in vitro and in vivo corrosion rates
of Mg-Zn-Ca alloys. The in vivo corrosion rates start with
1.4 mm y−1 1 week post-surgery but decrease to
0.80 mm y−1 4 weeks post-surgery, indicating that the

implants corrode significantly more rapidly in vivo than
the samples tested in different solutions. The significantly
higher in vivo corrosion rate is not expected. Generally,
the in vitro corrosion rates are lower for in vivo than in
vitro. For example, previous studies based on pure mag-
nesium and magnesium alloys (AZ31, Mg-0.8Ca, Mg-
1Zn, Mg-1Mn and Mg-1.3Ca-3Zn) showed the in vivo
corrosion rates tended to be lower than the in vitro results
tested in EBSS, MEM and MEM with protein [40]. An
explanation for the elevated in vivo corrosion rate in the
present study may involve the trabecular bone and in-
tramedullary implant region selected for implantation.
Trabecular bone and medullary cavity are rich in blood
supply. Krause et al. [41] indicated that the residual
WZ21 implants were visible in cortical region, but not in
the intramedullary or the soft tissue contact area after 36
weeks implantation. Willbold et al. [42] observed that
RS66 implants corroded most rapidly in subcutaneous
regions followed by intramuscular and intraosseous lo-
cations and concluded that the in vivo corrosion rates of
magnesium alloys are highly dependent on the local
blood flow. Moreover, the surgical trauma generated by
the drilling process may also contribute to the increased
corrosion rate in vivo. After the surgical trauma, the
oxygen tension and local pH would be reduced and re-

Figure 5 (a) Cortical bone thickness and (b) bone mineral density in the Mg-Zn-Ca alloy and empty control group at different implantation intervals
(*p<0.05); representative histology of the cortical bone from (c) the Mg-Zn-Ca alloy and (d) empty control group with Goldner’s Trichrome staining
at week 4 post-surgery.
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sulted in fast corrosion. Furthermore, Ulmann et al. [43]
found defects on the surface of intramedullary im-
plantations of LAE442 alloys and the defects led to the
faster initial corrosion than the intact implants. In the
present study, the implants were tapped in the narrow
predrilled bone tunnel, which could have scratched the
implant’s surface and caused fast initial corrosion [44].
Therefore, we concluded that the implant regions and
possibly the surgical procedure resulted in the increased
in vivo corrosion, compared with the in vitro corrosion of
Mg-Zn-Ca alloy. Further investigation is needed to ex-
plore the reasons for the different in vitro and in vivo
corrosion of magnesium alloys.

CONCLUSIONS
In this study, in vitro and in vivo corrosion performance
and resulting biological response of the Mg-Zn-Ca alloy
were studied to evaluate its potential as a biodegradable
orthopedic material. The alloy exhibited different corro-
sion rates as well as corrosion morphologies in five so-
lutions. With the addition of serum, the alloy showed
improved pitting resistance and decreased corrosion rate.
The corrosion rates of alloy decreased with increasing
serum concentration. The slowest corrosion rate and
homogeneous corrosion morphology was observed for
alloy in MEM containing 10% FBS. The alloy showed no
toxic risks to MG63 cells in 50% and 10% concentration
of extracts. MG63 cells could adhere, spread and pro-
liferate on the alloy’s surface. The animal studies reveal a
promising in vivo biocompatibility of the Mg-Zn-Ca al-
loy, with increased new bone formation and an acceptable
host response. However, Mg-Zn-Ca alloy exhibits fast
corrosion in medullary cavities and the corrosion should
be further reduced for clinical use.
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挤压态Mg-5.25wt.%Zn-0.6wt.%Ca可降解镁合金的体内外研究
顾雪楠1,2*, 王凡1, 谢鑫荟3, 郑明毅4, 李萍1,2, 郑玉峰5, 秦岭3, 樊瑜波1,2,6*

摘要 可降解医用镁合金在骨科领域显示出良好的应用前景. 为了保证镁合金的生物相容性, 本文设计了全营养元素组成的Mg-Zn-Ca合
金,研究了其体内外腐蚀及生物相容性. Mg-Zn-Ca合金在五种模拟体液中的腐蚀测试结果表明在Hank’s和MEM中添加血清能够降低合金
腐蚀速度,并提高腐蚀均匀性.血清浓度越高,合金腐蚀速率越低. Mg-Zn-Ca合金在MEM+10%FBS溶液中腐蚀速率低,腐蚀形貌均匀.直接
法和间接法的细胞实验结果均显示Mg-Zn-Ca合金具有良好的细胞相容性. 动物实验结果表明, Mg-Zn-Ca合金在小鼠骨髓腔内逐步降解,
4周后残余40 vol.%. micro-CT和组织学观察显示植入体周围有新骨形成, 且随着植入时间延长, 皮质骨厚度增加. 因此, 挤压态Mg-Zn-Ca
合金具有良好的生物相容性, 有望用作骨科植入材料, 但是其体内降解速率还应进一步降低.
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