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composite bioactive scaffold composed of polylactide-coglycolide (PLGA) and tricalcium phos-
phate (TCP) (thebasic carrier) incorporating osteogenic, bioactivemagnesiummetal powder (Mg).
Method: Porous PLGA/TCP scaffolds incorporating Mg were fabricated using a low-temperature
rapid-prototyping process. We term the PLGA/TCP/Mg porous scaffold (hereafter, PPS).
PLGA/TCP lacking Mg served as the control material when evaluating the efficacy of PPS. A total
of 36 New Zealand white rabbits were randomly divided into blank, PLGA/TCP (P/T) and PPS
group, with 12 rabbits in each group. We established bone defects 15 mm in length in rabbit radii
to evaluate the in vivo osteogenic potential of the bioactive scaffold in terms of the direct
controlled release of osteogenic Mg ion during in vivo scaffold degradation. Radiographs of the
operated radii were taken immediately after implantation and then at 2, 4, 8 and 12weeks. Micro-
computed tomography of new bone formation and remaining scaffold and histological analysis
were performed at 4, 8, 12 weeks after operation.
Results: X-ray imaging performed at weeks 4, 8 and 12 post-surgery revealed more newly formed
bone within defects implanted with PPS and PLGA/TCP scaffolds than blank group (p< 0.05). And
micro-computed tomography performed at weeks 4 and 8 after surgery revealed more newly
formed bonewithin defects implantedwith PPS scaffolds than PLGA/TCP scaffolds (p< 0.05). His-
tologically, the PPS group had more newly mineralized bone than controls (p < 0.05). The in-
creases in new bone areas (total implant regions) in the PPS and PLGA/TCP groups were 19.42%
and 5.67% atweek 4 and 48.23% and 28.93% atweek 8, respectively. The percentages of remaining
scaffold material in total implant regions in the PPS and PLGA/TCP groups were 53.30% and 7.65%
at week 8 and 20.52% and 2.70% at week 12, respectively.
Conclusion: Our new PPS composite scaffold may be an excellent orthopaedic substitute; it ex-
hibits good biocompatibility and may potentially have clinical utility.
Translational potential of this article: Magnesiumandbeta-tricalciumphosphate hadosteoinduc-
tion. It is significant to print a novel bone composite scaffold with osteoinduction to repair
segmental bone defects. This study evaluated efficacy of PPS in the rabbit radius segmental bone
defect model. The results showed that the novel scaffold with good biocompatibility may be an
excellent graft and potentially have clinical utility.
ª 2019 The Authors. Published by Elsevier (Singapore) Pte Ltd on behalf of Chinese Speaking Or-
thopaedic Society. This is an open access article under the CC BY-NC-ND license (http://
creativecommons.org/licenses/by-nc-nd/4.0/).
Introduction

Repair of segmental bone defects caused by trauma,
infection, tumours and other conditions is orthopaedically
challenging because bone regeneration potential is low
with or without bone grafting. Improved osteogenesis of
bone grafts and reductions in the amounts of autologous
bone required are urgently needed. Bioceramics, such as
calcium phosphate, exhibit good bioactivity, biodegrad-
ability and biocompatibility and serve as efficient and safe
bone repair materials [1,2]. Magnesium has recently been
reported to constitute an excellent biodegradable ortho-
paedic implant, heralding potential applications in terms of
fixation of bone fractures and treatment of pseudoarthrosis
[3,4]. Mg is essential for bone health [5,6]. Mg is bioactive
and exhibits the mechanical strength required for bone
healing. The use of additive manufacturing technologies by
bone tissue engineers has greatly accelerated research on
and development of bone regeneration [7,8].

Scaffold biomaterials have various orthopaedic applica-
tions [9]. Polymeric materials such as polylactide-
coglycolide (PLGA) can be dissolved in organic solvents to
form pastes and then serve as basic biomaterials for the
formation of porous three-dimensional (3D) scaffolds by
spinning technology with the addition of tricalcium phos-
phate (TCP), which buffers the low pH associated with
PLGA degradation, reducing inflammation and enhancing
the mechanical properties of the scaffold [10e13]. In the
present study, PLGA and TCP served as carriers for the
fabrication of composite porous scaffolds incorporating Mg
(PLGA/TCP/Mg porous scaffolds; hereafter, PPSs) by
established, low-temperature rapid-prototyping technology
[14e18]. As Mg has an osteogenic effect that is useful for
orthopaedic applications, Mg incorporation into PLGA/TCP
to form composite porous scaffolds may encourage
research on and development of biomaterials incorporating
a relevant bioactive metal [18,19]. We recently showed
that implant-derived Mg induced local neuronal production
of calcitonin gene-related peptide, improving osteoporotic
fracture healing in rats [20]. In the present study, we
further investigated bone repair augmentation by Mg, using
a standard, rabbit, radial segmental defect model. We
systemically evaluated bone repair using radiography and
micro-computed tomography (micro-CT) and histologically.
Materials and methods

Preparation of composite bioactive scaffolds

Porous PLGA/TCP scaffolds incorporating Mg were fabricated
by a low-temperature rapid-prototyping process (CLRF-2000-
II instrument, Tsinghua University, China) following an
established protocol [18,21]. Briefly, PLGA and TCP powders
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Fig. 1 Creation of radial segmental bone defects in rabbits
and implantation of porous composite scaffolds. (A) Fifteen-
millimeter defects were created in the midshafts of adult New
Zealand white rabbits; (B) PLGA/TCP-based porous scaffold
with size 3 � 3 � 15 mm3 was implanted into the defect region.
PLGA Z polylactide-coglycolide; TCP Z tricalcium phosphate.
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(weight ratio 4:1) were dissolved in 1,4-dioxane to form a
homogeneous solution. PLGA was added according to the
recommended powder weight:solution volume ratio of
13:100. The Mg:TCP ratio was 2:1, similar to that used in a
recent in vitro study [21]. Because 1,4-dioxane is volatile, it
was completely removed over 24 hours of freeze-drying at
an ice condenser temperature of �30�C and a negative
pressure of 500 Pa. All scaffolds were trimmed to
3 � 3 � 15 mm3 for fitting into bone defects.

Characterization of PT and PPS scaffolds

Morphology and porosity
The longitudinal surface morphologies of the scaffolds were
examined using a scanning electron microscope (SEM; JSM-
6390; JEOL, Tokyo, Japan) operating at 15 kV and 5.0 mA.
The average pore size was determined by analysing mi-
crographs. Porosities were measured using micro-CT.

In vitro cytocompatibility
MC3T3-E1 osteoblastic cells (Subclone 14, CRL-2594) were
purchased from the American Type Culture Collection,
Manassas, VA, USA, and used to investigate in vitro scaffold
cytocompatibilities. Cells were cultured in a-Modified Eagle
Medium (a-MEM) (Hyclone, Thermo Scientific, USA) supple-
mented with 10% (v/v) foetal bovine serum (GibcoBRL,
Grand Island, NY, USA) and a 1% (w/v) antibiotic solution
(100 U/mL penicillin and 100 mg/mL streptomycin sulphate;
GibcoBRL) at 37�C in a humidified atmosphere under 5% (v/v)
CO2; the culture medium was changed every 3 days.

A cell-counting kit-8 assay was used to measure cell
adhesion to scaffolds after 6, 12 and 24 hours. Cells were
seeded at 6 � 104/cm2 into a 48-well plate containing
scaffold samples (a-MEM served as the negative control)
followed by coincubation at 37�C in a humidified atmo-
sphere under 5% (v/v) CO2. At each time point, 40 mL of
cell-counting kit-8 solution (Dojindo Molecular Technologies
Inc., Kumamoto, Japan) was added to each well, followed
by incubation for 3 hours at 37�C; then, optical density (OD)
values were read at 450 nm and 620 nm using a microplate
reader (Synergy HT, BioTek, USA). The mean ODs of the
negative controls were subtracted from the ODs of the test
groups. Cell proliferation was also explored at 1, 3 and 7
days. Cells were seeded at 2 � 104/cm2. The OD values on
days 3 and 7 were normalised to those on day 1.

In vitro assessment of osteogenesis
MC3T3-E1 cells were obtained and cultured in the same
way. Four different scaffolds were prepared, PLGA, PLGA/
5% Mg (mass fraction of Mg is 5%), PLGA/10% Mg and PLGA/
15% Mg. The cells (2 � 105) were planted on each scaffold,
and b-glycerol phosphate (10 mM) and ascorbic acid (50 mg/
mL) were added into the basic medium. Refreshing the
differentiation medium every 3 days, after induction of
differentiation medium for 28 days, alizarin red staining
was performed, and the results are shown in Figure S1.

Establishment of radial segmental defects in rabbits

We created segmental, radial bone defects in adult male
New Zealand white rabbits [22e25]. A 15 mm segment of
the radius midshaft was surgically removed to create a
critically sized defect (Fig. 1A). Right mid-radius osteoto-
mies were performed on 3.5-month-old New Zealand white
male rabbits weighing 2e2.5 kg [26]. Two types of scaffolds
were tested, the pure PLGA/TCP scaffold (control) and the
test PPS scaffold (Fig. 1B). A total of 36 forelimbs (four
samples per time point) of 36 rabbits were divided into
three groups, with 12 forelimbs in each group. Twelve
forelimbs were subjected to decalcification and histological
examination (four at each of weeks 4, 8 and 12). Defect
healing was monitored in all 36 rabbits by X-ray imaging at
weeks 2, 4, 8 and 12 and by micro-CT at weeks 4, 8 and 12.

Under general anaesthesia (ketamine 2 mg kg�1 body
weight and xylazine hydrochloride 50 mg kg�1 body weight;
1:1 v/v), the right forelimbs were shaved and prepared with
povidone; then, 20mm long incisionswere created above the
radii. The soft tissue was resected, and a 15 mm segment of
each radius was removed using an oscillating saw (Synthes;
Mathys AG, Bettlach, Switzerland) followed by saline irriga-
tion. Scaffolds were press-fitted into the radial defects, and
the wounds were flushed with saline and closed with several
layers of sutures. Pain was managed via postsurgery in-
jections of Temgesic three times over the first 72 hours;
benzylpenicillin sodiumwas injectedon eachof the following
7 days to prevent infection. Animals were allowed free ac-
cess to food and water, and movement was not restricted.
The animal experimental ethics committee of the corre-
sponding author’s institution approved the study protocol.

Radiography and evaluation of new bone areas

High-resolution radiographs of the radii were taken immedi-
ately after implantation (baseline) and on postoperative
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weeks 2, 4, 8 and 12 using a machine made by the Faxitron X-
ray Corporation, USA. The exposure time was 10 seconds, the
tube voltage was 58 kV and the magnification was 1.5�. All
images were saved in tagged image file format (TIFF) format.
Newly formed bone was quantified in terms of size and area
using the Image-Pro Plus software, version 6.0 (Media Cyber-
netics, USA). New bone evident in radiographs of each time
point was graded 1e4 [i.e., area fraction of new bone: 0e25%
(1); 25e50% (1e2); 50e75% (2e3) and 75e100% (3e4)] [27].

CT evaluation

At the postoperative time points mentioned previously,
newly formed bone was evaluated by micro-CT (GE, USA)
using a published protocol [28]. Briefly, all defect regions
were scanned at a spatial resolution of 45 mm, and the bony
compartments were segmented from marrow and soft tis-
sue for subsequent analyses using the global threshold
procedure. A threshold of 1200 reflected bony tissue, and
thresholds <1200 reflected marrow, soft tissue and the
implanted composite scaffolds [29]. New bone was evalu-
ated in terms of bone mineral density (BMD), tissue volume
(TV), bone volume (BV). And remaining scaffold volume
(SV) was also evaluated.

Histological evaluation

After micro-CT evaluation, all samples were fixed in 4% (v/
v) paraformaldehyde (pH 7.2) for 24 hours, decalcified in
ethylenediaminetetraacetic acid at 37�C for 2 months,
dehydrated in an automatic tissue hydroextractor (Leica-
ASP200S, Germany) and embedded in paraffin using an
embedder (BMJ-1; Tianjin Tianli Aviation Electromechan-
ical, China). Fine-micrometre-thick sections were prepared
along the radial long axes and coronal planes using a
microtome (Leitz model 1516; Germany). Serial sections
were stained using two methods, as described in the
following, before microscopic evaluation.

Statistical analyses

All quantitative data are presented as means � standard
deviations (SDs). Data were compared using two-way
analysis of variance, and bone marrow recanalisation
Fig. 2 Morphologies of the PPS. (A) Photograph of the PPS; (B) CT
PPS (50�).
CT Z computed tomography; PLGA Z polylactide-coglycolide; PP
microscope; TCP Z tricalcium phosphate.
rates were compared using the Chi square test with SPSS
software, version 22.0 (SPSS, Chicago, IL, USA). Statistical
significance was set to p < 0.05.

Results

All rabbits survived to the end of the experiment. No
postoperative fractures or infections were noted.

Scaffold morphologies and porosities

Photographs and SEM images of the PPS scaffolds are shown
in Figure 2. The macropore diameter was about 450 mm.
The porosities were >85% and 76%, respectively. The con-
nectivities of both scaffolds were almost 100%. Phase sep-
aration revealed many micropores (2.5e90 mm in diameter)
on the scaffold walls.

In vitro cytocompatibility

The results of in vitro cytocompatibility testing are shown
in Figure 3. ODs reflect the numbers of cells adhering to
specimen surfaces. Significantly more cells were adhering
to PLGA/TCP scaffold than PPS scaffold at 6, 12 and
24 hours (Fig. 3A, p < 0.01). The proliferation rate of cells
of PLGA/TCP was higher than the rates of PPS at 3 and 7
days (Fig. 3B, p < 0.01).

In vitro assessment of osteogenesis

After induction of differentiation medium for 28 days,
calcium nodules were formed in three kinds of Mg-
containing scaffolds, which was confirmed by alizarin red
staining. But PLGA/15% Mg scaffold formed the most cal-
cium nodules (Figure S1).

Radiographic area fractions of new bone within
defects

As shown in Figure 4, defects that were not filled with
scaffold contained scattered bony structures, and the bony
ends gradually closed commencing at 4 weeks. After im-
plantation of PLGA/TCP scaffolds and PPSs, complete
bridging of the bony ends was evident along the border of
micrograph of the PPS; (C) A representative SEM image of the

S Z PLGA/TCP/Mg porous scaffold; SEM Z scanning electron



Fig. 3 Adhesion and proliferation of MC3T3-E1 cells on the scaffolds: (A) Cell adhesion at 6, 12 and 24 hours; (B) Cell proliferation
at 1, 3 and 7 days. The modified OD values are the ODs at 450 nm minus the ODs at 620 nm. The modified OD values at 3 and 7 days
were normalized to those at 1 day. **p < 0.01.

Fig. 4 (A) Representative radiographs of radial segmental
defects implanted or not with porous scaffolds taken at weeks
0 (baseline), 2, 4, 8 and 12 postoperatively. The P/T and PPS
groups exhibited more bone-filling than the control. (B) Mean X-
ray scores at weeks 2, 4, 8 and 12 postoperatively. The P/T and
PPS groups exhibited more bone formation than the control
(*p < 0.05, **p < 0.01 for comparisons between the P/T and PPS
groups and the control at each time point; n Z 6).
PLGA Z polylactide-coglycolide; PPS Z PLGA/TCP/Mg porous
scaffold; TCPZ tricalcium phosphate.
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the ulna, extending approximately halfway through the
defects. At each evaluation time after operation, the X-ray
scores of new bone formation in the PLGA/TCP and PPS
groups were higher than those of the control group
(*p < 0.05, **p < 0.01, n Z 4), although statistical signifi-
cance was not attained at the 2-week time point. Moreover
(although statistical significance was not attained), at each
evaluation time after operation, the X-ray score of new
bone formation in the PPS group was greater than that in
the PLGA/TCP group (p-values 0.36, 0.98, 0.64 and
0.23 at weeks 2, 4, 8 and 12, respectively). At 12 weeks
after operation, the mean percentages of newly formed
bone in the defect regions were 56.5% for the control group
and 86.8% and 93.0% for the PLGA/TCP and PPS groups,
respectively (Figure 4B).

Measurement of newly formed bone via micro-CT

The 3D images obtained after micro-CT reconstruction
(Fig. 5A) revealed newly formed bone at weeks 4, 8 and 12
after scaffold implantation. At week 4, the bone volume
fraction (BV/TV) of the PPS group was significantly greater
than that of the PLGA/TCP group. In addition, the BMD of
the PPS group was usually greater than that of the PLGA/
TCP group, although statistical significance was not
attained at the 4-week time point. At week 8, the BV/TV
and BMD of the PPS group were significantly greater than
those of the PLGA/TCP group. At week 12, the BMD and BV/
TV of the PPS group were lower than those of the PLGA/TCP
group, but statistical significance was not attained
(Fig. 5B1-2). Moreover, the bone marrow recanalisation
rates in the PPS and PLGA/TCP groups were 50% and 0% at
week 8 and 100% and 50% at week 12, respectively
(Fig. 5B3). The percentage of remaining SV in the PPS group
was less than that in the PLGA/TCP group at each time
point (p < 0.05) (Fig. 5B4). At each time point, the PPS
group exhibited more new bone than the control group
(p < 0.05). At week 12, the PLGA/TCP group exhibited more
new bone than the control group (p < 0.05); however, at
weeks 4 and 8, no significant differences were apparent
between the PLGA/TCP and control groups.

Histological analyses of new bone formation

No notable healing was evident up to week 2 after surgery.
The scaffold pores were filled with loose fibrous connective
tissue. Figure 6 illustrates in vivo osteogenesis at weeks 4, 8
and 12. Newly formed woven bone was observed at week 4.
At weeks 4 and 8, the PPS group exhibited large bone
islands within the scaffolds. Defects lacking implants
exhibited only concave fibrous tissue. In defects with
scaffolds, newly formed tissue (viable osteocytes within
lacunae embedded in a bony matrix) was deposited directly
on the porous surfaces, and osteoblast-like cells lined the
surface of newly formed bone, creating a bony matrix
within the scaffolds.

Haematoxylin and eosin (H&E; Fig. 6) staining revealed
new bone growth in the pores of both scaffold groups,
which suggests that the scaffolds exhibited good osteo-
conductivity and osteoinduction.

In addition, Masson’s trichrome staining (Fig. 7) revealed
significantly more new bone in defects treated with the PPS
scaffold (compared to other materials) at week 4
(p < 0.01). At week 8, the PPS group also exhibited more
new bone formation than the PLGA/TCP group (p Z 0.09),
although statistical significance was not attained. At week
12, the PPS group exhibited less new bone formation than



Fig. 5 (A) Representative 3D micro-CT images of the radial segmental defects at weeks 4, 8 and 12 after implantation. The PPS
group exhibited more new bone than the control at all three time points. (B) Bone volumes and remaining scaffold volumes in bony
defects and the BMDs of implanted scaffolds evaluated by micro-CT at weeks 4, 8 and 12. The BMD of the PPS group was generally
higher than that of the P/T group, although statistical significance was not attained at week 4. At week 8, the BV/TV and BMD of the
PPS group were significantly greater than those of the P/T group. At weeks 8 and 12, the bone marrow recanalization rates were 50%
and 0% and 100% and 50% in the PPS and P/T groups, respectively (*p < 0.05, **p < 0.01 for comparisons between the PPS and P/T
groups at each time point; n Z 4).
BMDZ bone mineral density; BV/TVZ bone volume fraction; CTZ computed tomography; PLGAZ polylactide-coglycolide; PPSZ
PLGA/TCP/Mg porous scaffold; TCP Z tricalcium phosphate.
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the PLGA/TCP group. In addition, the percentages of
remaining scaffold material in the implantation area of the
PPS group were lower than those of the PLGA/TCP group at
weeks 4, 8, and 12; however, only the differences at weeks
8 and 12 were statistically significant.

From weeks 4e12, new bone wrapped around the scaf-
fold, gradually changed to lamellar bone, formed marrow
cavities of various sizes and became gradually fused.
Discussion

We evaluated a unique, biodegradable, PLGA/TCP-based
porous scaffold incorporating pure Mg powder in terms of
enhancement of bone regeneration within segmental radial
defects in rabbits. The scaffold materials did not inhibit
in vitro bone marrow stromal cell (BMSC) proliferation [30].



Fig. 6 Representative sagittal sections of decalcified, radial
segmental bonedefects. Newly formedbone is evident in thePPS
and PLGA/TCP groups (H&E staining; blue arrows, scaffold; yel-
lowarrows, newbone; orange capital letters “BM”, bonemarrow
tissue; black hashes, bone marrow cavity; barZ 100 mm).
H&EZHaematoxylin andeosin;PLGAZpolylactide-coglycolide;
PPS Z PLGA/TCP/Mg porous scaffold; TCP Z tricalcium
phosphate.

Fig. 7 Representative sagittal sections of decalcified histol-
ogy of radius segmental bone defects. (A) Masson trichrome
staining of sections at week 4 revealed more new bone growth
(yellow arrows) in the PPS scaffold than in the PLGA/TCP group
(black arrow, scaffold; yellow arrow, new bone; black hashes,
bone marrow cavity; bar Z 100 mm). (B) New bone areas and
remaining scaffold areas at weeks 4, 8 and 12. (**p < 0.01 for
comparisons between the PPS and PLGA/TCP groups at each
time point; n Z 4).
PLGA Z polylactide-coglycolide; PPS Z PLGA/TCP/Mg porous
scaffold; TCP Z tricalcium phosphate.
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This is not surprising; both PLGA and TCP are medical-grade
materials used in clinical applications. Mg is osteogenic
[18,19], and we incorporated Mg into a scaffold before
evaluation of biocompatibility and biosafety in vivo, a
necessary preliminary test when clinical applications are
planned. When MC3T3-E1 cells were planted on scaffolds,
significantly more cells were observed in PLGA/TCP group
than those in PPS group. The most likely reason was that
Mg-containing scaffold was slightly toxic to cells. We
monitored bone healing via X-ray imaging, micro-CT and
ex vivo histology, with a focus on the osteogenic potential
of a PLGA/TCP scaffold incorporating Mg powder. Radiog-
raphy showed that, compared to the control, scaffold im-
plantation triggered bone formation 4, 8 and 12 weeks
later. Micro-CT showed that, compared to the PLGA/TCP
group, the PPS group exhibited more bone formation at
weeks 4 and 8. The reason was that Mg ions released by
composite scaffold made the local microenvironment
alkaline and enhanced the activity of osteoblasts [31].
Therefore, more new bone was formed at 4 and 8 weeks
after scaffold implantation, and the callus was formed
more quickly. Then, callus remodelling progresses rapidly.
When long bone callus was remodelled completely, new
bone cortex and marrow cavity were formed, and the new
bone in Mg-containing group was less than that of PLGA/
TCP group at 12 weeks. However, as bone remodelling
progressed, the PPS group exhibited less new bone at week
12 than the PLGA/TCP group but a higher marrow recan-
alisation rate, although the statistical significance of the
latter observation cannot be assessed because of the small
sample size. Thus, PLGA/TCP scaffolds are suitable basic
biomaterials for incorporation of Mg powder, forming
bioactive, porous composite scaffolds.

The PLGA/TCP composite scaffolds facilitated new
bone formation and growth. Polymer/ceramic compos-
ites are mechanically strong, and their pore sizes and
degradation rates favour new bone formation and vessel
ingrowth [32e34]. The mechanical properties and
degradation rates of scaffolds are both important when
developing bone substitutes. During healing after scaf-
fold implantation, scaffold trabeculae are degraded and
replaced by new bone, marrow and fibrous connective
tissue over time, accompanied by new bone formation
and gradual scaffold replacement. The scaffold trabec-
ulae provide the mechanical strength and space required
for the formation of new tissue. Biocompatibility is also
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very important when evaluating biomaterials. PPS facil-
itated cell adhesion and proliferation. We implanted
both PLGA/TCP scaffolds and PLGA/TCP scaffolds con-
taining Mg powder (of macropore sizes 450 mm and po-
rosities >85%) into bone defects 15 mm in length. Micro-
CT and histological results showed that new bone grew
or migrated into the scaffold centres through the mac-
ropores, and the PPS group exhibited better osteogenic
results than both the control and the PLGA/TCP group.
Histologically, compared to the PLGA/TCP group, the
PPS group exhibited more osteoid tissue and mineralised
and mature lamellar bone at weeks 4 and 8, which in-
dicates that the use of PPS may assist bone repair. The
release of Mg ion from PPS could enhance bone healing
[20,35,36]. The PPS was degraded more rapidly than the
PLGA/TCP scaffold at weeks 8 and 12, as reflected by
the percentages of residual SVs revealed by micro-CT,
which indicates that the local microenvironment fav-
oured rapid new bone formation with replacement of
the scaffold.

Our study had certain limitations. The histomorpho-
metrical data exhibited more variation than the micro-CT-
based volumetric quantifications of new bone formation. A
larger sample size would have rendered the statistical an-
alyses more robust.
Conclusion

We developed a new, composite bioactive scaffold
combining Mg powder with PLGA/TCP to enhance bone
regeneration in segmental bone defects and investigated its
utility in vivo. As Mg is biocompatible, PPSs exhibited the
desired osteogenic potential in radial bone segmental de-
fects in rabbits. The scaffold exhibited good biocompati-
bility and may find clinical applications.
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