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Abstract: In Part I, the in vitro degradation of bioactive glass

scaffolds with a microstructure similar to that of human tra-

becular bone, but with three different compositions, was

investigated as a function of immersion time in a simulated

body fluid. The glasses consisted of a silicate (13-93) compo-

sition, a borosilicate composition (designated 13-93B1), and a

borate composition (13-93B3), in which one-third or all of the

SiO2 content of 13-93 was replaced by B2O3, respectively.

This work is an extension of Part I, to investigate the effect of

the glass composition on the in vitro response of osteogenic

MLO-A5 cells to these scaffolds, and on the ability of the

scaffolds to support tissue infiltration in a rat subcutaneous

implantation model. The results of assays for cell viability

and alkaline phosphatase activity showed that the slower

degrading silicate 13-93 and borosilicate 13-93B1 scaffolds

were far better than the borate 13-93B3 scaffolds in support-

ing cell proliferation and function. However, all three groups

of scaffolds showed the ability to support tissue infiltration in

vivo after implantation for 6 weeks. The results indicate that

the required bioactivity and degradation rate may be

achieved by substituting an appropriate amount of SiO2 in

13-93 glass with B2O3, and that these trabecular glass scaf-

folds could serve as substrates for the repair and regenera-

tion of contained bone defects. VC 2010 Wiley Periodicals, Inc.
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INTRODUCTION

In Part I, the effect of the glass composition on the in vitro
bioactivity and degradation of bioactive glass scaffolds with
a ‘‘trabecular’’ microstructure, similar to that of dry human
trabecular bone, was investigated as a function of immer-
sion time in a simulated body fluid (SBF).1 The glasses con-
sisted of a silicate (13-93) composition, a borosilicate com-
position (designated 13-93B1) and a borate composition
(13-93B3), in which one-third or all of the SiO2 content of
13-93 was replaced by B2O3, respectively. The degradation
rate of the scaffolds and their conversion to hydroxyapatite
(HA) in the SBF increased with higher B2O3 content of the
glass. In particular, the borate 13-93B3 scaffolds converted
completely to HA within 100–150 hours (h), whereas the
silicate 13-93 and borosilicate 13-93B1 scaffolds were only
partially converted even after 1000 h. Concurrently, the pH
of the SBF increased with the B2O3 content of the scaffolds.
The composition of the glass also had an effect on the me-
chanical properties of the scaffolds. The compressive

strength of the as-prepared glass scaffolds (porosity ¼ 78–
82%; pore size ¼ 100–500 lm) decreased with increasing
B2O3 content of the glass, from 11 6 1 MPa for silicate 13-
93 glass to 5 6 0.5 MPa for borate 13-93B3. These com-
pressive strengths are in the upper range of values reported
for human trabecular bone (2–12 MPa).2 As a result of the
degradation of the glass, the compressive strengths of all
three groups of scaffolds decreased markedly with immer-
sion time in the SBF.

Bioactive glass scaffolds with controllable degradation
rates could provide additional beneficial effects that are not
obtainable with scaffolds of the slowly-reacting silicate 45S5
and 13-93 bioactive glass. However, the biocompatibility of
the scaffolds and their ability to support tissue infiltration
in vivo must also be considered. Faster degradation leads to
more rapid release of ions from the glass, which can influ-
ence the response of cells. In previous work,3 the effect of
replacing varying amounts of SiO2 in 45S5 glass with B2O3

on the degradation of particles (150–300 lm) in an aqueous
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phosphate solution and the proliferation of murine MC3T3-
E1 cells on solid disc-shaped substrates was investigated.
Higher B2O3 content of the glass increased the degradation
rate but also resulted in a greater inhibition of cell prolifera-
tion under conventional (static) culture conditions. This in-
hibition of cell proliferation was alleviated by using more
dynamic culture conditions.

This work is an extension of Part I, to evaluate the in
vitro response of cells to the three groups of trabecular bio-
active glass scaffolds (silicate 13-93, borosilicate 13-93B1,
and borate 13-93B3) and the ability of the scaffolds to sup-
port tissue infiltration in vivo. Murine MLO-A5 cells, an
established osteogenic cell line, were chosen for these
experiments because of its highly elevated expression of
osteogenic phenotype traits such as alkaline phosphatase
activity and mineralization.4,5 A rat subcutaneous implanta-
tion model was used because of the widely accepted validity
of the model.

MATERIALS AND METHODS

Cell culture
The established MLO-A5 line of postosteoblast/preosteocyte
cells was used in this work. The MLO-A5 cells were cultured
in a-MEM medium supplemented with 5% fetal calf serum
(FCS) and 5% newborn calf serum (NCS), plus 100 U/mL
penicillin on a collagen-coated plate (rat tail collagen type I,
0.15 mg/mL). All cell cultures were maintained at 37�C in a
humidified atmosphere of 5% CO2 with the medium
changed every 2 days.

Three groups of scaffolds with the same ‘‘trabecular’’
microstructure but with different compositions (silicate 13-
93, borosilicate 13-93B1, and borate 13-93B3), prepared as
described in Part I, were sectioned into discs (6 mm in di-
ameter � 2 mm). The scaffolds had a porosity of 78–82%
and pores of size 100–500 lm. Before the cell cultures, the
porous discs were sterilized by washing three times with
water and ethanol (13-93 and 13-93B1) or with ethanol
(13-93B3), and heating for 24 h at 500�C. A total of 50,000
MLO-A5 cells suspended in 40 lL medium were seeded
onto each scaffold. The cell-seeded scaffolds were incubated
for 4 h to permit cell attachment, and then transferred to a
24-well culture plate containing 2 mL/well of complete me-
dium. At selected time intervals, the scaffolds with attached
cells were removed for assays.

Cell viability
The effect of the composition of the bioactive glass scaffolds
on the viability of MLO-A5 cells was assessed using a live
cell/dead cell assay. After culturing for different intervals (2,
4, and 6 days), the glass scaffolds with attached cells were
rinsed gently with warm phosphate-buffered saline (PBS),
and incubated for an additional 30 min in 2 mL serum-free
medium containing 2 lM calcein AM and 2 lM ethidium
homodimer, EthD-1 (Invitrogen Corp, Carlsbad, CA). The flu-
orochrome-labeled cultures on the glass scaffolds were then
rinsed with PBS. Optical images were collected under an
epifluorescent microscope fitted with appropriate exciter

and emitter filters to detect live (green fluorescent) and
dead (red fluorescent) cells.

Quantitative protein assay
The total amount of protein in lysates recovered from the
cell-seeded scaffolds was measured with a micro-BCA Pro-
tein Assay Kit (Piece Biotechnology, Rockford, IL). The scaf-
folds were placed in 500 lL of 1% Triton X-100, and the
cells were lysed by two freeze-thaw cycles (�80/37�C).
Sample absorbance values were measured at 550 nm in a
BMG FLUORstar Optima plate reader with bovine serum al-
bumin used as a standard for comparison.

Alkaline phosphatase (ALP) activity
The cell-seeded scaffolds were removed at intervals of 2, 4,
6, and 8 days and washed twice with PBS. The samples
were placed in 500 lL of 1% Triton X-100 and cells were
lysed using two �80/37�C cycles. Aliquots of lysate were
placed in a 96-well plate for spectrophotometric measure-
ment of alkaline phosphatase (ALP) activity with p-nitro-
phenyl phosphate (p-NPP) substrate as described
elsewhere.6

In vivo implantation
Fisher 344 rats (4–6 weeks old) were used for the in vivo
implantation. All procedures were approved by the institu-
tional animal care and use committee. The rats were anes-
thetized by isofluorane inhalation. The scaffolds were
implanted under sterile conditions into subcutaneous pock-
ets in the dorsum of these syngenic rats. Four glass scaf-
folds were implanted into four sites in the dorsum of each
animal.

Histology
Six weeks after implantation the animals were sacrificed
and the scaffolds were harvested, photographed, and fixed
in 10% buffered formalin. After dehydration through a se-
ries of graded ethyl alcohol solutions, the specimens were
embedded in poly(methyl methacrylate), PMMA, and stained
at the Department of Surgical Sciences, School of Veterinary
Medicine, University of Wisconsin, Madison, WI. Specimens
were sectioned every 50 lm in the axial direction, and pol-
ished. These sections were stained with hematoxylin and eo-
sin (H&E), toluidine blue and Goldner’s trichrome stainings
to detect the formation of soft tissue, glycosaminoglycan
(GAG) and collagen, respectively, and examined using trans-
mitted light microscopy.

SEM observation
Scanning electron microscopy (SEM) (S-4700, Hitachi, To-
kyo, Japan) in the backscattered electron (BSE) and second-
ary electron (SE) modes, as well as X-ray mapping was used
to identify the compositional change of the glass scaffolds
and the morphologies of the tissues formed inside the scaf-
folds after implantation. Cross sections of the implants were
ground with SiC paper, polished with diamond paste, and
examined at an accelerating voltage of 5 kV and a working
distance of 12 mm.
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Statistical analysis
All biological experiments (four samples in each group)
were run either in duplicate or triplicate. The data are pre-
sented as the mean 6 standard deviation. Statistical analy-
sis was performed with one-way analysis of variance
(ANOVA) followed by a Tukey’s post hoc test, with the level
of significance set at p < 0.05.

RESULTS

Cell culture
The results of live cell/dead cell assays for MLO-A5 cells
cultured on the scaffolds are shown in Figure 1. The fluoro-
chrome labeling of the MLO-A5 cells cultured for up to 6
days showed a marked increase in cell numbers on the sili-
cate 13-93 and borosilicate 13-93B1 scaffolds, with very
few dead cells (fluorescent red). On the other hand, no
increase in cell number was observed on the borate 13-
93B3 scaffolds, and a few dead cells were found on the scaf-
folds at all culture intervals. These results indicate that the
13-93 and 13-93B1 scaffolds were far better than 13-93B3
in supporting cell proliferation on their surfaces.

The total protein in cell lysates recovered from the scaf-
folds after incubation for 2, 4, and 6 days (Fig. 2) showed a
nearly linear increase in cell proliferation during the 6 days
incubation on the silicate 13-93 and borosilicate 13-93B1
scaffolds, a finding that complements the progressive
increase in cell density in the live cell/dead cell assays. On
the other hand, the amount of protein on the borate 13-
93B3 scaffolds showed no increase, indicating an inhibiting

effect on cell proliferation. While the quantity of protein
recovered from the borosilicate 13-93B1 scaffold was signif-
icantly smaller than on the silicate 13-93 scaffold, neverthe-
less the increase with incubation time indicated good
biocompatibility.

The results for the ALP activity of MLO-A5 cells cultured
on the scaffolds for 2, 4, and 6 days (Fig. 3) showed an
increase with incubation time on the silicate 13-93 and

FIGURE 1. Fluorescent live cell/dead cell images of MLO-A5 cells on trabecular scaffolds of (a, b, c) silicate 13-93 glass (B0), (d, e, f) borosilicate

13-93B1 glass, and (g, h, i) borate 13-93B3 glass after incubation for (a, d, h) 2, (b, f, i) 4 and (c, g, j) 6 days. The inset in (a) shows a 13-93 glass

scaffold without cells. [Color figure can be viewed in the online issue, which is available at wileyonlinelibrary.com.]

FIGURE 2. Amount of protein in lysates of MLO-A5 cells cultured on

trabecular scaffolds of silicate 13-93 (B0), borosilicate 13-93B1, and

borate 13-93B3 glass for 2, 4, and 6 days. *Significant differences

between the amount of protein of the cells on the glass scaffolds with

different compositions.
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borosilicate 13-93B1 scaffolds, indicating that the cells were
able to carry out an osteogenic function on these two
groups of scaffolds. The much lower and almost constant
ALP activity of the cells on the borate 13-93B3 scaffolds
indicated poor biocompatibility for this group.

SEM evaluation of implants
SEM images in the backscattered mode of a cross section of
the silicate 13-93 scaffold after implantation for 6 weeks

are shown in Fisgure 4(a). The difference in contrast across
the section of the scaffold shows three different regions: a
light-gray core (C), a dark-gray transition layer (S), and a
light-gray surface layer (H). When combined with the com-
positional information obtained from X-ray maps for Ca(K),
P(K), and Si(K) of the same area [Figs. 4(b–d)], the SEM
image indicates that surface layer, H, consisted of a calcium
phosphate material with a thickness of �30 lm, presumably
a hydroxyapatite (HA)-type material formed by the conver-
sion of the glass in vivo. The transition layer, S, consisted of
a SiO2-rich layer, �10 lm thick, whereas the core, C, was
presumably the unconverted glass. The SEM image [Fig.
4(a)] also showed the presence of several microcracks
which resulted from capillary drying stresses developed
during the preparation of the section. As the scaffold con-
sisted of a three-dimensional network of struts in a trabecu-
lar microstructure, the ability to observe the unconverted
glass core depends on the orientation of the section relative
to the struts in the scaffold.

Backscattered SEM images of the borosilicate 13-93B1
and borate 13-93B3 glass scaffolds after implantation
showed no noticeable difference in contrast across the cross
section of the scaffold material [Fig. 5(a,d)]. This observa-
tion, when combined with the X-ray maps for Ca(K) and
P(K) [Fig. 5(b,c,e,f)], indicated that the 13-93B1 and 13-
93B3 scaffolds were completely converted to an HA-type
material within the 6-week implantation. In the case of the
borate 13-93B3 scaffold, voids of size 50-100 lm were
widely observed in the centers of the completely converted
struts of the scaffold [Fig. 5(d); inset].

FIGURE 3. Alkaline phosphates activity of MLO-A5 cells cultured on

trabecular scaffolds of silicate 13-93 (B0), borosilicate 13-93B1, and

borate 13-93B3 glass for 2, 4, and 6 days. *Significant difference

between the enzyme activity of the cells on the glass scaffolds with

different compositions.

FIGURE 4. SEM image in backscattered mode of the cross section of silicate 13-93 (B0) glass scafffolds after subcutaneous implantation in rats

for 6 weeks (a), and corresponding X-ray maps for Ca(K) (b), P(K) (c), and Si(K) (d). C denotes the unconverted glass core, S the SiO2-rich layer,

and H the hydroxyapatite-type layer. [Color figure can be viewed in the online issue, which is available at wileyonlinelibrary.com.]
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Histological evaluation of implants
Figure 6 shows images of H&E stained sections of the bioac-
tive glass implants after subcutaneous implantation for 6
weeks. In all three groups of scaffolds, soft tissue (stained

pink) infiltrated the interior of the scaffolds [Fig. 6(a)], and
was in close contact with the surface of the bioactive glass
scaffold [Fig. 6(b–d)]. However, the amount of tissue infil-
trated into the interior of the borate 13-93B3 scaffolds

FIGURE 5. SEM image in backscattered mode of the cross section of borosilicate 13-93B1 scaffold (a) and borate 13-93B3 scaffold (d), after sub-

cutaneous implantation in rats for 6 weeks, and corresponding X-ray maps for Ca(K), (b) and (e), and P(K), (c) and (f). Part (d) and inset (lower

magnification image) show one of the voids that were widely observed in the struts of the 13-93B3 scaffolds. [Color figure can be viewed in the

online issue, which is available at wileyonlinelibrary.com.]

FIGURE 6. Transmitted light micrographs of hematoxylin and eosin (H&E) stained sections of trabecular scaffolds of (a, b) silicate 13-93 glass

(B0), (c) borosilicate 13-93B1 glass, and (d) borate 13-93B3 glass after subcutaneous implantation in rats for 6 weeks. G denotes the converted

glass scaffold. [Color figure can be viewed in the online issue, which is available at wileyonlinelibrary.com.]
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appeared to be smaller than that for the silicate 13-93 and
borosilicate 13-93B1 scaffolds. Transmitted light micro-
graphs of the toluidine-blue stained sections (glycosamino-
glycan, GAG, stained blue) (Fig. 7) and the trichrome stained
sections (collagen, stained green) (Fig. 8) showed that GAG
and collagen had infiltrated all three groups of scaffolds.

DISCUSSION

The results of Part I1 showed that the replacement of vary-
ing amounts of SiO2 in silicate 13-93 bioactive glass with
B2O3 markedly influences the degradation of those trabecu-
lar scaffolds and their conversion to hydroxyapatite (HA) in
a simulated body fluid (SBF). The in vitro cell culture and
subcutaneous implantation results in this work provide in-
formation for evaluating the biocompatibility of those scaf-
folds for potential applications in bone repair.

In Part I,1 the degradation and conversion rate of the
scaffolds to HA, as measured by the weight loss of the scaf-
folds, was found to increased markedly with B2O3 content.
While the silicate 13-93 glass scaffolds were only partially
converted after 1000 h (weight loss ¼ 8 6 1%), the borate
13-93B3 scaffolds were completely converted to HA within
100–200 h (weight loss ¼ 67 6 2%). Concurrently, the pH
of the SBF increased with the B2O3 content of the scaffold.
From a starting value of 7.0, the pH of the SBF increased to
a limiting value of �7.75 after immersion of the silicate 13-
93 scaffold for 100–200 h, whereas the pH increased to a

limiting value of �8.5 after immersion of the 13-93B3 scaf-
fold for the same time.

The results of this work showed that high B2O3 content
of the glass severely reduced the ability of the scaffolds to
support proliferation and function of osteogenic MLO-A5
cells during conventional in vitro cell culture (Figs. 1–3).
While the borosilicate 13-93B1 scaffolds showed a lower
ability than silicate 13-93 scaffolds to support cell prolifera-
tion and function, nevertheless cell proliferation and alka-
line phosphatase activity increased with time during the 6-
day incubation. On the other hand, the borate 13-93B3 scaf-
folds showed no measureable ability to support MLO-A5
cell proliferation and function. These results are in general
agreement with those of our previous study in which the
proliferation of MC3T3-E1 cells on glass discs with different
borate concentrations was evaluated.3

The significant inhibition of MLO-A5 cell proliferation
and function by the borate 13-93B3 scaffolds may be due to
the fast release of boron ions from the glass, which resulted
from the rapid degradation of this group of scaffold. Above
a certain concentration, boron is known to be toxic to cells.
In our previous work in which known concentrations of
borate ions (0–25 mM) were added to cultures of MC3T3-
E1 cells, a decrease in cell proliferation was observed with
increasing borate ion concentration.3 Borate ion concentra-
tions greater than �2.5 mM produced a reduction in cell
density of more than 50% after 4 days of incubation. In
another study, the soluble products of a borate glass

FIGURE 7. Transmitted light micrographs of toluidine blue stained sections of trabecular scaffolds of (a) silicate 13-93 glass (B0), (b) borosilicate

13-93B1 glass, and (c) 13-93B3 glass after subcutaneous implantation in rats for 6 weeks. G denotes the converted glass scaffold. [Color figure

can be viewed in the online issue, which is available at wileyonlinelibrary.com.]
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dissolution in culture media was found to markedly inhibit
the proliferation of bone marrow stromal cells (bMSCs) af-
ter 24 h of incubation when the boron concentration was
above �1 mM.7

In this work the concentration of boron dissolved into
the culture media due to degradation of the scaffolds was
not measured, but it could be estimated from the degrada-
tion kinetics measured in Part I.1 For the borate 13-93B3
scaffold immersed in a SBF, �50% of the scaffold was
degraded during the first 48 h of immersion. Using the
same degradation rate for the cell-seeded 13-93B3 scaffold
(6 mm in diameter � 2 mm) in 2 mL of media, then the bo-
ron ion concentration is �180 mM after incubation for 2
days. This concentration is much higher than the threshold
boron concentration above which cell proliferation was
found to be markedly inhibited.3,7 In the case of 13-93B1
scaffolds, the concentration of B2O3 in the as-prepared scaf-
fold is 1/3 that for 13-93B3, while the degradation rate is
lower by 2–3 times during the first 48 h. The boron concen-
tration released into the culture media was therefore �10
times lower when compared to the borate 13-93B3 scaffold.
While leading to a reduction in cell proliferation and func-
tion (Figs. 1–3), the boron concentration released from the
borosilicate 13-93B1 scaffolds was apparently not high
enough to be toxic to the cells.

In Part I, higher B2O3 content of the scaffolds was found
to result in an increase in the in vitro degradation of the
scaffolds and their conversion to HA in an SBF.1 A similar
trend was observed in the present in vivo study for the scaf-

folds implanted subcutaneously for 6 weeks in the dorsum
of rats. An interesting observation is that the scaffolds, in
particular the silicate 13-93 and borosilicate 13-93B1 scaf-
folds, appeared to show faster degradation and conversion
to HA in vivo, when compared to in vitro degradation and
conversion in an SBF. For silicate 13-93 bioactive glass, SEM
showed only partial degradation of the scaffold in vivo, with
the formation of an HA layer of thickness � 30 lm (Fig. 4).
This HA layer thickness formed in vivo is approximately
twice the value found in a previous in vitro study when the
same glass scaffold was immersed in a SBF under fairly
static conditions with only intermittent stirring.8 For the
borosilicate 13-93B1 and borate 13-93B3 scaffolds, degrada-
tion and complete conversion to HA occurred in vivo, result-
ing in the formation of HA relics in place of the original
glass scaffolds (Fig. 5). In comparison, while the in vitro
results of Part I showed almost complete conversion of the
13-93B3 scaffold in the SBF after 100–200 h, the 13-93B1
scaffold was only partially converted after immersion for
1000 h (�6 weeks).

The more rapid degradation and conversion of the scaf-
folds in vivo may be attributable to the more ‘‘dynamic’’ con-
ditions present in the subcutaneous implantation which
resulted from circulation of the body fluids. Furthermore,
the presence of proteins, polysaccharides and other poly-
meric species in the extracellular matrix which contain elec-
tron-donating moieties such as carboxyl and hydroxyl
groups could also contribute to the more rapid in vivo deg-
radation of these glasses. In a previous in vitro study, the

FIGURE 8. Transmitted light micrographs of Goldner’s trichrome stained sections of trabecular scaffolds of (a) silicate 13-93 glass (B0), (b) boro-

silicate 13-93B1, and (c) borate 13-93B3 glass after subcutaneous implantation in rats for 6 weeks. G denotes the converted glass scaffold. [Color

figure can be viewed in the online issue, which is available at wileyonlinelibrary.com.]
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addition of polyanion species (such as alginic acid) to a PBS
was shown to markedly increase the conversion of 13-93
glass to HA.9

An interesting observation is that in addition to the
borate 13-93B3 scaffolds being completely degraded and
converted to HA within the 6 weeks of subcutaneous im-
plantation, voids with an approximately circular cross sec-
tion were formed in the center of the struts of the trabecu-
lar scaffold [Fig. 5(d); inset]. The formation of these voids
may be due to the fast break-up of the borate glass network
in vivo, which resulted in the rapid release of Ca2þ ions and
formation of nucleation sites.10 The migration of Ca2þ from
the glass core to the surface resulted in the depletion of
these ions in the center of the strut, which eventually led to
the formation of voids upon complete degradation of the
glass and conversion to HA.

A comparison of the in vitro cellular response to the
scaffolds with the in vivo implantation results provided an
interesting observation. In vitro, because of its high B2O3

content, the borate 13-93B3 scaffold was toxic to MLO-A5
cells, and did not support cell proliferation and function
(Figs. 1–3). On the other hand, histological evaluation of the
scaffolds 6 weeks post implantation showed that all three
groups of scaffolds supported soft tissue infiltration and
extracellular matrix formation (Figs. 6–8). The more favor-
able in vivo performance of the borate 13-93B3 scaffolds,
when compared to their in vitro cell culture performance,
may be due to the more dynamic microenvironment in the
body, which presumably facilitated rapid metabolism of bo-
ron ions and reduced steep local boron concentration gra-
dients. Our previous work showed that more dynamic
in vitro cell culture conditions, involving gentle intermittent
rocking of the culture well plate, alleviated the inhibitory
effects of borate glass discs on the cell proliferation.3 The
present study indicates that under the dynamic in vivo
microenvironment, all three groups of scaffolds could poten-
tially serve as substrates for bone repair.

CONCLUSIONS

Three groups of bioactive glass scaffolds with the same tra-
becular microstructure (porosity ¼ 78–82%; pore size ¼
100–500 lm) were used to evaluate the effect of the glass
composition (or degradation rate) on the in vitro response
of osteogenic MLO-A5 cells, and on the ability to support
tissue infiltration in vivo in a rat subcutaneous implantation
model. The scaffolds consisted of a silicate (13-93) composi-
tion, a borosilicate composition (13-93B1), and a borate
composition (13-93B3), in which one-third or all of the SiO2

content of 13-93 was replaced by B2O3, respectively. In
vitro, the silicate 13-93 and borosilicate 13-93B1 scaffolds
supported the proliferation and function of osteogenic MLO-
A5 cells. However, the borate 13-93B3 scaffolds, with the
fastest degradation rate of the three groups, were toxic to

the cells, presumably because of the high concentration of
boron ions released into the media. In comparison, all three
groups of scaffolds showed the ability to support soft tissue
infiltration in vivo. When compared to the toxic response to
cells under conventional (static) culture conditions, the
more favorable in vivo response of the borate 13-93B3 scaf-
folds might be due to the more dynamic subcutaneous
microenvironment. While the silicate 13-93 scaffold was
only partially converted to a hydroxyapatite-type material
during the 6-week implantation, both the borosilicate 13-
93B1 and borate 13-93B3 scaffolds were completely con-
verted. These in vitro and in vivo results indicate that the
requisite combination of bioactivity and biodegradability
might be achieved by replacing an appropriate amount of
SiO2 with B2O3 in silicate bioactive glasses, and that these
trabecular glass scaffolds could potentially serve as sub-
strates for bone repair and regeneration.
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