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Porous silver scaffolds, with the porosity ranging from 68% to 81% and the apparent density ranging from 0.4
to 1 g⋅cm−3 were prepared by electroplating method using cellular carbon skeleton as the substrate. The
microstructure, mechanical property, cytotoxicity and antibacterial activity of the prepared porous silver
scaffold were studied. The present porous silver scaffolds had a highly three-dimensional trabecular porous
structure with the porosity and the apparent density close to that of the cancellous bone. Furthermore,
the mechanical property such as elastic modulus and yield strength of the porous silver scaffolds were
lower than that of commercial available porous Ti and porous Ti alloys but much closer to that of the cancellous
bone and porous Ta. In addition, study of in vitro behavior showed that the porous silver scaffold possessed
significant antibacterial capability of inhibition of bacterial proliferation and adherence against Staphylococcus
aureus and Staphylococcus epidermidis, and little cytotoxicity to Mg-63 cell line and NIH-3T3 cell line.
Consequently, the porous silver scaffolds prepared by electrodeposition possess a promising application
for bone implants.

© 2012 Elsevier B.V. All rights reserved.

1. Introduction

Porous metals with open-cell structures are attracting increasing
interest in the field of regenerative medicine. These biomaterials are
usually employed to replace or regenerate a variety of tissues such
as bone and cartilage [1]. These orthopedic applications have come
to depend heavily on the open-cell metals with optimized structures
and biological properties in order to promote cell proliferation and
vascularization. Moreover, the structure can be designed to match
the modulus of bone to reduce stress-shielding effects [2].

There are three types of open-cell metals [2]:

i Non-homogeneous pore distribution, obtained by furnace sintered
metal powders and fibers method [3,4], space holder method [5],
replication method [6], combustion synthesis method [7,8], and
laser or plasma spraying [9,10].

ii Homogeneous pore distribution, obtained by ordered oriented wire
mesh method [11], ferromagnetic fiber arrays method [12], and
vapor deposition [13].

iii Functional graded pore distribution, obtained by electrical field-
assisted powder consolidation [14–16], and rapid prototyping
technique [17,18].

Up till now, severalmetallic foams are currently being evaluated and
some of them are commercialized as implant devices and widely used
in orthopedic applications. First, the porous titanium (Regenerex™)
with the average porosity of 67% and mean pore size of 300 μm is
used for orthopedic implants [19,20] and has been commercially
available for applications of knee, hip and shoulder surgeries. And
then, the porous Ta (Trabecular Metal™, Zimmer Inc. Warsaw, IN,
USA) [13] has fully interconnected porous structure with porosities
66%–88% and mean pore size 550 μm, the porous Ta is characteristic
of not only tailorable pore size, shape and distribution, but also suf-
ficient mechanical strength, contributing to its use as load-bearing
metal implants for knee and hip surgeries. Moreover, the porous
NiTi alloy (Actipore™) with porosities 55%–75% is fabricated by a self-
heated combustion synthesis process, and possesses a low modulus of
elasticity at room temperature [21], which is used in spinal surgery as
interbody fusion device.

However, there are some drawbacks: the porous implants are
made from Ti, Ta and Ti alloys. And, the sizes of implant devices are
limited by the manufacture equipment. Further, the fabrications of
these porous implants cost a lot.

As we all known, silver exhibits strong cytotoxicity towards a
broad range of microorganisms both as a metal and in ionic form,
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which is usually used as antibacterial agent [22]. It has been reported
that Ag can cause bacterial inactivation in vitro by binding both to
microbial DNA to prevent bacterial replication, and to the sulfhydryl
groups of the metabolic enzymes of the bacterial electron transport
chain [23]. Therefore silver has been used in a variety of medical
applications. Silver and its alloys such as amalgam, palladium–silver
and titanium–silver are suitable for dental materials [24–26]; silver
coatings are used on various textiles as coatings on certain implants
[27,28], and nano silver are used for treatment of wounds and burns
[29].

In the foregoing context, the association of antibacterial layer to
tailorable porous structure represents an interesting approach to
developing new porous metal that might find a variety of new appli-
cations. Thus, inspired by the success of porous tantalum, we tried to
prepare the carbon-skeleton and electroplated a metallic silver layer
onto the surfaces of the porous carbon skeleton to fabricate the silver
scaffold, and investigated its mechanical and in vitro behavior for the
possibility of silver scaffold as bone tissue engineering or porous coat-
ing on implants.

2. Materials and methods

2.1. Materials

The polyurethane foam used in this study was purchased from
Shenzhen Guozhihuifu Polymer Material Co., Ltd. The thermoset
phenolic resin used in this study was purchased from Harbin Leyuan
Electric Plastic Co. Other chemical reagents used in this study were
purchased from Sinopharm Chemical Reagent Beijing Co.,Ltd.

2.2. Preparation

The porous vitreous carbonaceous skeletons used in this work were
produced by carbonize modified polyurethane foam with thermoset
phenolic resin at 1100°C.

As shown in Fig. 1, the polyurethane foam and the conglutinated
phenolic resin were completely pyrolyzed leaving (Fig. 1(b)) only
macroporous vitreous carbonaceous structure (Fig. 1(c)). The
obtained macroporous structure (Fig. 1(a)), with the average pore
size of 602±93 μm and the diameter of carbon strut of 111±15 μm
(manually measured from SEM images), possessed continuous inter-
connecting cells, each of which possessed the shape of a dodecahedron.
The skeletons were cut with the size of 10×10×6 mm for further
study.

The preparation process of porous silver scaffolds contains three
steps: surface treatment, electroless plating treatment and electroplat-
ing treatment. After each step, the treated samples were ultrasonically
cleaned in distilled water and dried in the oven with air blower at
room temperature. (i) First, the carbon skeleton shows hydrophobic,
while the followed plating process has to be accomplished in plating
baths (ionic liquids). In order to improve the hydrophilic property of
the carbon skeleton, the surface treatment was introduced. Samples
were subjected to a surface treatment using a solution of 100 ml/l
H2SO4 and 200 g/l (NH4)2S2O8 at 60°C for 120 min. (ii) second, for
obtainingwell-distributed silver layer on the porous structure, the elec-
troless plating treatment was conducted. Sensitization and activation
were carried out to seed silver metal on the skeleton surface before
electroplating. Conventional procedure involve sequential steps of
sensitization (20 g·l−1SnCl2/10 ml·l−1 HCl for 5 min), activation
(30 g·l−1AgNO3/100 ml·l−1 NH3·H2O for 5 min) and eletroless
plating (10 g AgNO3, 22.5 g C6H12O6, 100 ml NH3·H2O, 10 g NaOH,
10 ml H2SO4 of 1 l volume). The reaction can be written as followed
[30]:

nAgþ þ C6H12O6 þ 2=3nOH−→nAg↓þ 1=2nRCOO− þ nH2O ð1Þ

(iii) At last, plating experiments were carried out using a sulfosa-
licylic acid bath (C7H6O6S 120 g, KOH 10 g, AgNO3 30 g, NH3·CH3-

COOH 50 g, NH3·H2O 55 ml of 1 l volume) at room temperature
with the pH value controlled at 9.1 by drops of NH3·H2O. According
the electroplating characteristic the plating times was chosen as
30 min, 60 min and 120 min (denoted hereafter as Plating-30,
Plating-60 and Plating-120). All the plating experiments were per-
formed on a multi-functional power supply (MD-30B, Engineering
Research Center of Electrochemical Technology, Ministry of Educa-
tion, Xiamen University) under direct current conditions. In addition,
since the surface area of the substrate is hard to measure due to its
porous structure, the parameter “current mass density” (A/g), which
refers to the ratio of current intensity to the mass of the substrate

Fig. 1. Characteristic properties of porous carbon skeletons (a) SEM photograph
(b) XRD pattern and (c) Fourier transform infrared spectroscope (FTIR) spectrum.
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was introduced to emblematize the current intensity flowing through
the cathode during the electroplating process. The main current mass
density used in this work was 4 A/g.

2.3. Characterization

To determine the structural geometry, representative scaffolds
were selected of the scaffold microstructures using HITACHI S-4800
scanning electron microscopy (SEM, attached QUANTAX energy dis-
persive X-ray spectroscopy, EDX). The thickness of metallic layer
and pore geometry of the porous structure were manually measured
from SEM images using image processing software (Autodesk Auto-
CAD R16.2.54.10) [13]. Forty-five parallel specimens were measured
for each group in the test. Before the SEM and EDX examinations,
the samples were split, ultrasonically cleaned in absolute ethanol
and distilled water, then dried in the oven with air blower at room
temperature overnight.

The phase compositions of the present scaffolds were verified by
X-ray diffraction (XRD) using a Rigaku DMAX 2400 diffractometer
with CuKa radiation.

Compression tests for mechanical property evaluation were carried
out using an Instron 5843 materials testing machine at a displacement
rate of 1 mm/min at room temperature. Five parallel specimens were
taken for each group in the test.

The porosity and density of scaffold was determined using Archime-
des Principle [13]. At first, each scaffold was submerged in deionized
water, degassed under vacuum, and suspended from an analytical
balance to obtain scaffold wet weight. Then the scaffolds were
dried in the oven with air blower at room temperature overnight.
The overall dimensions of each scaffold were further measured and
the porous scaffold dry weight was determined with an analytical
balance. Thus, the porosity was calculated using the formula:

θ ¼ ρmat

ρapp
¼ 1−

ρapp

ρmat
¼ V

mdry−mwet
ð2Þ

Here ρappis the apparent density, ρmatis the material solid density,
θ is the dimensionless porosity, the dimensionless parameter of ρapp

ρmat
is

relative density. V is the total volume, mdry is dry weight and mwet is
wet weight. Five parallel specimens were taken for each group in
the test.

2.4. Cytotoxicity test

Mouse embryonic fibroblast cell line (NIH-3T3) and osteoblast cells
(MG-63) were selected to evaluate the cytotoxicity of experimental
materials. They were cultured in Dulbecco's modified Eagle's medi-
um (DMEM), 10% fetal bovine serum (FBS), 100 μg⋅ml−1 penicillin
and 100 μg⋅ml−1 streptomycin at 37 °C in a humidified atmosphere
of 5% CO2. The cytotoxicity tests were carried out by indirect contact
experiments. Extracts were prepared using serum free DMEM as the
extractionmediumwith the samplemass to extractionmedium ratio
0.1 g⋅ml−1 (according to ISO10993-12) in a humidified atmosphere
with 5% CO2 at 37 °C for 72 h. The control groups involved the use of
DMEM medium as negative control and 10% DMSO in DMEM medi-
um as positive control. Cells were incubated in 96-well cell culture
plates at 5×103 cells/100 μl medium in each well and incubated for
24 h to allow attachment. The medium was then replaced with
100 μl of different experimental extracts. After incubating the cells
in a humidified atmosphere with 5% CO2 at 37 °C for 1, 2 and 4 days,
10 μl MTT was added to each well. The cells were further incubated
with MTT for 4 h at 37 °C, then 100 μl formazan solubilization solution
(10% SDS in 0.01 MHCl)was added in eachwell overnight in the incuba-
tor in the humidified atmosphere. The spectrophotometric absorbances
were measured by microplate reader (Bio-RAD680) at 570 nm with a

reference wavelength of 630 nm. Five parallel specimens were taken
for each group in the test.

2.5. Antibacterial activity tests

Since Staphylococcus epidermidis and Staphylococcus aureus have
been reported to be the most important pathogens in biomaterial-
associated infections [31–33], the strains of bacteria used for the pre-
sent studywere selected to be S. aureus (ATCC 6538) and S. epidermidis
(ATCC 12228). All bacterial pre-inoculum cultures were grown over-
night at 37 °C in 20 ml Luria–Bertani (LB) broth (containing 10 g⋅l−1

tryptone, 10 g⋅l−1 sodium chloride and 5 g⋅l−1yeast extract) as liquid
culture medium and a supplement incubation of an aliquot (2 ml) cul-
ture in 20 ml culture medium for 3–4 h at 37 °C until the exponential
growth phase was reached. Then this culture was adjusted by spectro-
photometric measurement at 570 nm to provide a final density of 108

colony forming units (CFU)/ml in culture medium. All experimental
scaffolds and glassware were sterilized in an autoclave at 120 °C for
20 min before the antibacterial tests. No antibiotic markers were used
during the bacterial tests.

The antibacterial activity was tested by the following two means:

2.5.1. Bacteria adherence tests
The experimental scaffolds were placed in 15 ml sterilized tubes

followed by the addition of the bacterial suspension (approximately
108 CFU⋅ml−1) with the sample mass of suspension volume ratio
0.1 g⋅ml−1, then incubated at 37 °C with shaking at 200 rpm for 3 h.
At the end of the incubation, the scaffolds were gently rinsed with
sterilized deionized water, in order to eliminate the non-adherent
bacteria. After washing, the scaffolds were then put into individual
new tubes containing culture mediumwith the same ratio, and vigor-
ously vortexed for 3 min to remove the adhering micro-organisms.
The viable organisms in the buffer were quantified by plating serial
dilutions on LB agar plates (containing 10 g⋅l−1 tryptone, 10 g⋅l−1

sodium chloride, 5 g⋅l−1yeast extract, and 19 g⋅l−1 agar). The LB
agar plates were incubated at 37 °C for 12 h, and the colony forming
units were counted visually. The bacteria adherence test repeats five
times.

2.5.2. Bacteria inhibition tests
The experimental scaffolds were put into LB agar plate which was

inoculated with bacteria (approximately 108 CFU⋅ml−1). After 24 h
incubation at 37 °C, the diameters of the inhibition zones, which
appeared on the surface, were measured in ten directions. Average
values were used for calculation of the inhibition zone diameter,
which was themeasure of the antibacterial activity of the experimental
scaffolds. Three parallel specimens were taken for each group in the
test. The bacteria inhibition test repeats five times.

2.6. Statistics

One-way ANOVA design was used to determine whether any signifi-
cant difference existed in the cytotoxicity and antibacterial experiments.
The statistical significance was defined as pb0.05.

3. Results

3.1. Structure analysis of porous silver scaffolds

Representative section micrographs of the SEM examination of
porous silver scaffolds are shown in Fig. 2(a)–(c). After plating differ-
ent times, a metal layer is precipitated onto the carbon skeleton
resulting in encasement of the skeleton within the metal. The samples
are characterized by continuous interconnecting pores, each of which
possesses the shape of a dodecahedron. The thickness of the struts
that define the pores increases with the plating time, and the pore
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volume shows the descent tendency. The obtained metallic layer is
uneven, which is probably due to the asymmetric distribution of
electric field through the carbon skeleton's complicated structure.
Furthermore, the EDX pattern of the scaffolds (Fig. 2(d)) presents
that the chemical composition of electroplated layer mainly con-
sists of silver with a small quantity of oxygen and originated from
contaminant.

The XRD patterns of the porous silver scaffolds are demonstrated
in Fig. 3. There is no peak arose by carbon but peaks at 44°, 52°, 76°,
93° and 98°, which are respectively characteristic of the diffractions
(111), (200), (220), (311)and (222) of face centered cubic silver
(JCPDS Card No.04-0783). There is no significant difference in the
patterns of samples electrodeposited different plating time.

The structure analysis results of experimental porous silver scaffolds
are listed in Table 1. With the plating time increasing from 30 min to
120 min, the mean pore sizes of experimental porous silver scaffolds
ranged from 387±90 μm to 575±117 μm, and the average thickness
of the metallic silver layer on the strut increased from 65±36 μm
to 143±51 μm. With the plating time increasing from 30 min to
120 min, the porosities ranged from 65% to 83%, and the apparent
densities are below 0.1 g⋅cm−3.

3.2. Mechanical property of porous silver scaffolds

Fig. 4(a) represents the stress–strain curves of experimental po-
rous silver scaffolds during compressing test. All samples display be-
havior typical of cellular solids undergoing compression which has
three regions: linear elastic region; plateau region and densification
region. From the compression curve it is measured that for structures
with plating time for 30 min, 60 min, and 120 min the yield strength
values are 0.61 (±0.15) MPa, 1.15 (±0.25) MPa and 2.11 (±0.12)
MPa, corresponding elastic modulus 8.6 (±6.2) MPa, 23.1 (±8.4)
MPa and 49.3 (±12.5) MPa. Significant increases to both the yield
strength and compressive modulus are seen with increasing metallic
layer thickness.

Fig. 2. SEM images of (a) 30 min, (b) 60 min, (c) 120 min plating porous silver scaffolds and (d) EDX results.

Fig. 3. XRD pattern of electroplating porous silver scaffolds.

Table 1
Structural parameters of carbon skeleton and silver scaffolds.

Samples Porosity (%) Apparent
density
(mg/cm3)

Average
pore size
(μm)

Strut
diameter
(μm)

Metallic layer
thickness (μm)

Carbon skeleton 95±1.8 13.1±0.2 602±93 111±15 No
Plating-30 80.9±2.1 38±7 575±117 108±32 65±36
Plating-60 77.3±3.6 49±9 431±67 164±37 93±16
Plating-120 68.1±1.9 97±7 387±90 204±30 143±51

912 M. Guo et al. / Materials Science and Engineering C 32 (2012) 909–915
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The relative density (ρapp
ρmat

) is themost important structural parameter
for a porousmaterial, which plays a key role in themechanical property
[1,34]. In addition, the relative density equals to (1−θ). Therefore, the
elastic modulus (E) of the prepared porous silver scaffolds demonstrates

a linear relationship with relative density (Fig. 4(b)) which is given
by Eq. (3)

E ¼ k
ρapp

ρmat
þ c1 ð3Þ

Here k and c1 are constants, k is 3.15 and c1 is −51.05.
Similarly, the yield strengths (σy) show a linear relationship with

relative density (Fig. 4(c)) which is given by Eq. (4)

σy ¼ n
ρapp

ρmat
þ c2 ð4Þ

where n and c2 are constants, n is 0.12 and c2 is −1.71.

3.3. Cytotoxicity results of porous silver scaffolds

Fig. 5(a) illustrates the cytotoxicity results of MG-63 cells cultured
in plating scaffolds extraction mediums for 1, 2 and 4 days. The cell
viability performances of plating samples show an increase tendency
with the plating time increasing. It can be seen that the results for
Plating-120 group show significant increase for 1, 2 and 4 days culture,
compared with the negative control (p>0.05). Whereas Plating-30
(pb0.05) and Plating-60 (pb0.05) samples extraction mediums in-
dicate inferior cell viabilities compared with the negative control.
Fig. 5(b) shows the results of NIH-3T3 cells viability cultured in plat-
ing scaffolds extraction mediums for 1, 2 and 4 days. The Plating-120
scaffolds showwell cell proliferating till the 4 days culture compared

Fig. 4. Compressive results of the porous silver scaffolds. (a) Stress–strain curve of the
porous silver scaffolds. (b) A linear relationship between elastic modulus and the relative
density (R2=0.911). (c) A linear relationship between the yield strength and the relative
density (R2=0.949).

Fig. 5. Cell viability expressed as a percentage of the viability of cells in the control after 1,
2 and 4 days of culture in electroplating silver scaffolds extraction mediums: (a) MG-3;
(b) NIH-3T3.
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with negative control (p>0.05). Whereas Plating-30 (pb0.05) and
Plating-60 (pb0.05) samples extraction mediums indicate inferior
cell viabilities compared with the negative control.

3.4. Antibacterial property of porous silver scaffolds

Fig. 6(a) indicates the S. aureus and S. epidermidis bacteria inhibition
results of bare carbon skeleton, Plating-30, Plating-60 and Plating-120
scaffolds. Note that carbon skeleton is used as control. All plating scaf-
folds perform the bacterial inhibition capability against both S. aureus
and S. epidermidis bacteria (p>0.05). Fig. 6(b) shows the viable bacte-
ria adhering to the porous silver scaffolds' surfaces when the scaffolds
are exposed to S. aureus and S. epidermidis. The plating scaffolds
perform anti adhering capability for S. aureus and S. epidermidis
compared with carbon skeleton control (p>0.05). There is no signifi-
cant relationship between the antibacterial inhibition and adherence
activities to the porosity of the porous silver scaffolds.

4. Discussion

4.1. Pore morphology

The pore morphology of the present porous silver scaffolds is
characterized by the foam-like structure which is derived from the
carbon skeleton carbonized by polyurethane foam. This foam-likemor-
phology, such as the porous Ti6Al4V [35] and the porous tantalum, is

much similar to the porous structure of nature cancellous bone and is
suitable for orthopedic implants. Furthermore, the foam-like structure
promotes the formation of robust biologic ingrowth of tendon tissue
[36], osseous tissue [1,37] and chondrocyte tissue [38].

The pore size is another important feature for a biomedical porous
structure, and is mainly determined by the manufacture process. The
pore sizes of present silver scaffold are ranging from 387±90 μm to
575±117 μm, which are larger than the sintering processing (less
than 200 μm) [39], and similar to aforementioned commercial porous
products (Regenerex™ up to 300 μm [19,20], and Trabecular metal™
up to 550 μm [13]). Moreover, the implant with pore size more than
200 μm can afford the structure to lead osteoblast growth into the
pore to create “cell bridge”, and provide support sufficient for many
physiological loads while bone ingrowth is occurring [40,41]. It is
clearly that the pore size of present silver scaffold meets the match
of the cell bridge formation qualification.

The evidence of pore morphology support the present silver scaf-
folds in the application of bone implant.

4.2. Porosity and apparent density

Two features of cancellous bone are porosity from 70% to more
than 90%, and apparent density below 0.9 g⋅cm−3 [1,42]. Porous im-
plant material is designed to possess the porosity similar to cancellous
bone. However, the apparent density, as another important criterion,
is not studied somuch in the recent research. In our study the apparent
densities of commercial product were calculated using the formula:

ρapp ¼ θ� ρmat ð5Þ

The ρmatof Ti, NiTi, Ti6Al4V and Tawere 4.5, 6.5, 4.3 and 16.7 g⋅cm−3

respectively. The apparent densities of commercial products (porous Ti
Regenerex™ 1.5 g⋅cm−3, porous NiTi Actipore™ 1.6–2.9 g⋅cm−3, and
porous Ta Trabecular metal™ 2.0–5.7 g⋅cm−3) are all beyond the range
of cancellous bone. Some porous metal (porous Ti6Al4V with porosity
55–89 %, the apparent density 0.5–1.9 g⋅cm−3) are designed near the
range of the porosity and apparent density of cancellous bone [44].
Some (porous NiTi with porosity 45% and apparent density 3.6 g⋅cm−3)
are designed beyond both the range of the tow aspects [39]. On the
contrary, as shown in Table 1, the prepared porous silver scaffold is
close to cancellous bone at both the apparent densities and porosities
aspects.

4.3. Mechanical property

To avoid stress shielding effect, the porous implant material
should possess the mechanical properties as cancellous bone. Howev-
er, it is difficult to produce porous metal implants with sufficient me-
chanical properties due to its specific porous structure. However,
although Plating-120 exhibits stronger mechanical reflection among
the prepared silver scaffolds, the mechanical properties of silver scaf-
folds are inferior compared with other research (porous tantalum
with porosity 80%, compression yield strength 40 MPa [13]; And po-
rous Ti6Al4V with porosity 90% compression strength 10.3 MPa, cor-
responding elastic modulus 0.8 GPa [35].). However, cancellous
bone with relative density 0.05–0.3 possess yield strength 0.2–
80 MPa, corresponding elastic modulus 0.01–2 GPa [1,34]. And the
cancellous bone from human femur with a minimum bone volume
faction 21.3±7.6 % possessed an ultimate stress 16.3±7.2 MPa
[43]. This indicated the mechanical properties of silver scaffolds are
still similar to the cancellous bone with highly porosity. The lack of me-
chanical strength of porous silver scaffolds compared with the other
porous metals may be attributed from the relatively high porosity,
stress concentration at the silver layer of the porous structure and
the low mechanical property of bulk silver when compared with
bulk titanium, titanium alloys and tantalum. From Table 1, the

Fig. 6. Statistical results of antibacterial activity: (a) bacteria inhibition test; (b) bacteria
adherence test of porous silver scaffolds against S. aureus and S. epidermidis. Note carbon
skeleton as control group, * represents pb0.01.
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increasing in strength and modulus of silver scaffolds is predomi-
nantly due to the increase strut diameter during the plating process.
According to Eqs. (4) and (5), with increase of the plating time, the
mechanical properties of the silver scaffolds can be controlled in
certain extent to meet new potential applications.

4.4. Biocompatibility

Silver in its metallic state is inert but it reacts with the moisture in
the skin and the fluid of the wound and gets ionized. The ionized sil-
ver is highly reactive, as it binds to tissue proteins and brings struc-
tural changes in the bacterial cell wall and nuclear membrane
leading to cell distortion and death. Silver also binds to bacterial
DNA and RNA by denaturing and inhibits bacterial replication [45].
As the bioactive form of silver is the silver ion, the antimicrobial prop-
erty and toxicity are related to the amount of silver ion and the rate of
silver released. For present silver scaffolds, with plating time increas-
ing, samples possess lower porosity, and have less inner surface ex-
posed to aqueous media so that the rates of silver released show
decreasing tendency. As a result, in Fig. 5 the Plating-120 group ex-
hibits superior cell proliferation among the present silver scaffolds.
However, from Fig. 6 the decreasing tendency is not reflected in the
antibacterial test. This can be explained that the concentration of sil-
ver iron caused antibacterial reaction (nanocrystalline silver released
70–100 ppm silver iron into a wound site within a few hours of appli-
cation [46]) is much lower compared with the concentration of re-
leased silver iron.

5. Concluding remarks

The porous silver scaffolds have been successfully fabricated by
electroplating on carbon skeletons. The experimental results show
that the prepared porous silver scaffolds possess fully interconnected
structure with porosities and apparent densities tailored in the 68%–
81% and 38–97×10−3 g/cm3 range, which is matched to cancellous
bone. The modulus and strengths obtained from the compressive
test are lower than the other porous metals but in the range of cancel-
lous bone. In vitro experiments show that the porous silver scaffolds
with porosity 68% possess biocompatibility including less cytotoxicity
and superior antibacterial activity compared with other sample groups.
In addition, the electroplating technique is convenient to manufacture
complicated device with low cost, which makes the custom-designed
orthopedic implant available. Consequently the plating silver scaffold
is expected to be a very promising biomaterial for coating of orthopedic
implants and bone repair or replacement. Moreover, the present silver
scaffold has interconnecting structure with a high interface area and
controllable poremorphology, which allows the applications as electrode
material for implantable electronic devises and biosensors.
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