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Abstract: Objective: The present study aimed to evaluate the mechanical performance of calcium alginate or PVA/
DCPP scaffolds and their compatibility with the tooth germ cells in jaw bone defect repair. Methods: We prepared
a Calcium alginate or PVA (polyvinyl alcohol)/DCPP scaffolds and observed, the ability of resistance to dissolution,
setting time and mechanical property. Tooth germ cells from Sprague Dawley (SD) rats were cultured and then co-
cultured with two types of scaffolds, respectively. Result: In the test for resistance to dissolution, 3%, 4%, 5% and 7%
calcium alginate/DCPP scaffolds and 15%, 20% and 25% PVA/DCCP scaffolds did not show obvious deformation.
The calcium alginate/DCPP scaffolds had shorter setting time. PVA/DCCP scaffolds had higher shear strength which
was proportional to the concentration of PVA. By scanning of electron microscopy, two scaffolds presented with
inner and surface morphology similar to porous volcanic rock. The calcium alginate/DCCP scaffolds exhibited bet-
ter compatibility with tooth germ cells from SD rats. Conclusion: Calcium alginate/DCCP scaffolds can be used for
tissue-engineered bone repair or tissue-engineered denture repair after improvement of mechanical performance.
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Introduction

The incidence of jaw bone defect is rising in
recent years due to trauma, tumors and peri-
odontal diseases. Since jaw bone defect may
be combined with dentition defect, convention-
al repair techniques such as oral implants and
fixed or removable denture can hardly achieve
the desired effect. Jaw bone defect not only
affects the patients’ life quality, but also brings
challenges to practitioners in oral implant, max-
illofacial surgery and periodontics [1, 2]. At
present, the common materials used for jaw
bone defect repair are autogenous bones [3],
allogenic bones, heterogenous bones or artifi-
cial materials. However, these materials have
shared problems including poor mechanical
performance, low hardness and toughness,
slow degradation, potential risk of rejection or
mismatch with the growth rate of bone tis-
sues [4]. It is necessary to develop new bone
graft materials that are fit for jaw bone defect
repair.

Complex morphology of jaw bone defect and
high mechanical load borne by the implants are
the main reasons for difficulties in jaw bone
defect repair. Sodium alginate (SA) possesses
the advantages of good biocompatibility, gell-
ing property, degradability and film forming
property [5, 6]. SA compounded with hydroxy-
apatite usually has enhanced mechanical per-
formance. Polyvinyl alcohol (PVA) is a water-
soluble polymer formed by the hydrolysis of
polyvinyl acetate and alcohol. It has high wa-
ter solubility, excellent film forming property,
adhesion, strength and toughness as well as
good biocompatibility and plasticity [7, 8].
Double crystal ceramic powder (DCCP) is com-
posed of hydroxyapatite and a small amount of
B-tricalcium phosphate and presents with the
reticulated porous structure observed in bone
tissues. DCCP can be used as a scaffold for
guiding bone growth with high biocompatibility
and excellent performance [9-11]. Thus DCCP
scaffolds reinforced by SA or PVA may serve as
the candidate materials for jaw bone defect
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repair due to their high mechanical perfor-
mance and biocompatibility.

Materials and methods
Materials and equipments

The experiment was carried out from June
2013 to October 2014 in Infection and Im-
munity Laboratory at Scientific Research Cen-
ter of the First Affiliated Hospital of Xinjiang
Medical University. The experimental animals
were 6 juvenile SD rats (clean grade, 8-10
g). Thereagents used during this experiment
includes SA (Sigma, USA), PVA (Guangdong
Guanghua Chemical Factory Co., Ltd., China),
calcium chloride (Sigma, USA), and CCK-8 kit
(BestBio, China). The equipments utilized in
the experiment include Electronic Universal
Testing Machine WDW-20E (Jinan Fangchen
Instrument & Equipment Co., Ltd.), bone crush-
er (multi-functional rocking crusher, XY-400A,
Xiaobao), standard sample screener (200 me-
sh, Guangliang Sifter Plant, China), muffle fur-
nace (AX-4-10, Tianjin Aixin Medical Equipment
Co., Ltd.), SEM (Joel jsm63901v, Japan), and
ZEIZZ microscope (Carl zeiss, Germany).

Methods

Preparation of DCPP: The vertebrae were har-
vested from adult goat and the periosteum and
cortical bone were removed, leaving only the
cancellous bone, which was cut into blocks
of about 0.5 x 0.5 x 0.5 cm. The bone blocks
were repeatedly washed with running water
until there was no more blood leached and
then washed ultrasonically 3-5 times, 30 min
for each time. Then the bones were treated
with 5% sodium hydroxide solution and 15%
hydrogen peroxide, dried at 70°C and calcinat-
ed at 800°C for 2 h to obtain the ceramic
bovine bone. After the addition of proper am-
ount of sodium pyrophosphate, the ceramic
bovine bone was further calcinated at 800°C
for 1 h and then left to cool to room tempera-
ture. The ceramic bovine bone was washed
with distilled water ultrasonically for 15 min
and dried using vacuum pump. After encapsu-
lation, the ceramic bovine bone was disinfected
by 60 Co (20 kGy) irradiation for 36 h. Finally,
DCPP was obtained using bone crusher and
passed through the 200-mesh sieve.

Preparation of calcium alginate/DCCP scaffold:
SA powder of 0.3 g, 0.4 g, 0.5 g and 0.7 g was
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weighed respectively and mixed with 10 ml
of ultra-pure water in a conical flask. The pow-
der was heated in the 70°C water bath, mixed
for 30 min and left to stand for 20 min. This
process was repeated twice until the powder
was completely dissolved, with the air bubbles
removed by oscillation. Thus the 3%, 4%, 5%
and 7% SA gel was obtained and mixed res-
pectively with DCPP at the proportion of 1 ml
for 0.1 g DCPP. Then the mixture was poured
into the metal mold (cylindrical, diameter 9
mm, height 13 mm) and dried to obtain 3%,
4%, 5% and 7% SD/DCCP scaffolds. These
scaffolds were immersed into 0.4 mol/L, 0.8
mol/L, 1.0 mol/L, 1.5 mol/L, 2.0 mol/L and
3.0 mol/L Cacl, solution for 48 h, respectively.
After that, the scaffolds were washed with
ultra-pure water for 3 times and preserved at
-80°C for 24 h. Finally, the scaffolds were calci-
nated in the muffle furnace at 120°C for 20
min and left to cool to room temperature.

Preparation of PVA/DCCP scaffold: PVA powder
of1g,1.5g,2gand 2.5 g was weighed respec-
tively and mixed with 10 ml of ultra-pure water
in the conical flask. The powder was heated in
the 90°C water bath, mixed for 30 min and left
to stand for 20 min. This process was repeated
twice until the powder was completely dis-
solved, with the air bubbles removed by oscil-
lation. Thus the 10%, 15%, 20% and 25% PVA
gel was obtained and mixed respectively with
DCPP at the proportion of 1 ml for 0.1 g DC-
PP. Then the PVA/DCCP scaffolds were pre-
pared using the same method as with calcium
alginate/DCCP scaffolds. Finally, the scaffol-
ds were calcinated in the muffle furnace at
120°C for 20 min and left to cool to room
temperature.

Detection of resistance to dissolution: The
scaffold samples were immersed in 3 mL of
ultra-pure water in the culture flask for 30 min,
1 h, 3 h, 24 h and 48 h, respectively. Dental
explorer was used to test the softness of the
surface of the scaffolds.

Dissolution and deformation of the scaffolds
were classified into three grades: grade 1, no
obvious dissolution or deformation of the sur-
face of the scaffolds; grade 2, dissolution of
the surface but not the inside of the scaffolds
with no significant deformation; grade 3, disso-
lution of the surface and the inside of the scaf-
folds with severe deformation.
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Testing for setting time: Six calcium alginate/
DCCP scaffolds with calcium alginate concen-
tration being 3%, 4%, 5% and 7% respectively
were used for the testing, 24 scaffolds in total.
Gillmore needles were used, including light
needle (113.4 g, diameter 2.13 mm) and heavi-
er needle (454.6 g, diameter 1.2 mm). The ini-
tial setting time (IT) and the final setting time
(FT) were tested and recorded. The initial set-
ting time was defined as the time of light needle
leaving a mark on the surface of scaffolds, and
the final setting time was the time of heavier
needle leaving a mark.

Testing for shear strength: Four calcium algi-
nate or PVA/DCCP scaffolds were prepared
using the cylindrical mold described above and
tested for shear strength using the electronic
universal testing machine at the rate of 0.5
mm,/min.

SEM: The scaffolds were made into round thin
slices with the diameter of 9 mm and height of
1 cm. The scaffolds were dried with vacuum
pump, and metal spraying was performed using
an ion sputter. Then surface and inner morphol-
ogy of the scaffolds as well as the average pore
diameter were observed.

Proliferation and cytotoxicity assay of rat tooth
germ cells: Two juvenile SD rats aged four days
were sacrificed by cervical dislocation. The jaw
bones were dissected using the ophthalmic
scissors under the upright microscope. The
tooth germ was harvested, placed in the 25
mm culture dish and cut into pieces using the
ophthalmic scissors. The cells were digested
with 0.25% trypsin and then centrifuged to
remove the trypsin. The cells were resuspen-
ded in complete culture medium (DMEM con-
taining low glucose, 10% FBS, 1% penicillin-
streptomycin solution) and inoculated to a 25
cm? culture flask. The culture medium was
replaced every 3 days, and cell passage was
performed every 7 days. The tooth germ cells of
the third generation were used for subsequent
experiment.

Preparation of leaching liquor of scaffold:
According to the standard S010993-1 (surface
area of the sample/volume of the leaching
agent =3 cm?/ml), 8 scaffolds were placed into
the complete culture medium described above
to prepare the leaching liquor, namely, 3%, 4%,
5% and 7% calcium alginate/DCCP scaffolds,
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and 10%, 15%, 20% and 25% PVA/DCCP scaf-
folds. The scaffolds were treated in the 37°C
water bath for 72 h, then filtered and disinfect-
ed and preserved at 4°C.

Proliferation and cytotoxicity assay of rat tooth
germ cells: Tooth germ cells of the third genera-
tion were made into 5 x 10%/ml cell suspension
and inoculated to a 96-well pate at 100 ul per
well. The cells were then cultured at 37°C in a
5% CO, incubator so that the cells grew to form
a single layer covering the base of the plate.
The culture medium was discarded at 24 h
after initial culture. For the blank group and
the control group, 100 ul of complete culture
medium was added, and for the experimental
groups 100 ul of the leaching liquor of 8 dif-
ferent scaffolds was added, with 5 replicate
wells for each group. At 1 d, 3 d and 5 d of cul-
ture, the cell growth was observed under the
inverted microscope. Into each well 10 ul of
CCK8 reagent was added to culture the cells at
37°C for 3 h. Absorbance (OD) was detected
using the microplate reader at 450 nm, and
relative growth rate (RGR) was calculated as
by the following formula: RGR=(0OD value of
experimental group-OD value of blank group)/
(OD value of negative control group-OD value
of blank group) x 100%. Cytotoxicity was evalu-
ated based on the value of RGR: grade O,
RGR>100%; grade 1, RGR=75%-99%; grade 2,
RGR=50%-74%; grade 3, RGR=25%-49%; grade
4, RGR=1%-24%; grade 5, RGR=0.

Statistical analysis

SPSS 14.0 was used for statistical analysis.
ANOVA was carried out for the measurements
in each group and at each time point. P<0.05
indicated significant difference.

Results
Resistance to dissolution

The 10% PVA/DCCP composite scaffold sho-
wed severe dissolution and deformation from
0.5 h to 48 h of treatment, and the dissolution
and deformation belonged to grade 3. The scaf-
fold was no longer suitable for the deposition of
tooth germ cells at later stage. In comparison,
the 3%, 4%, 5% and 7% calcium alginate/DCCP
scaffolds and 15%, 20% and 25% PVA/DCCP
scaffolds showed no significant dissolution and
deformation. They were classified as grade 1 in
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Table 1. Setting time of calcium alginate or PVA/DCCP scaffolds
(min, Mean + SD)

Group Initial setting time  Final setting time F P
SA 3% 67.00+12.13 75.00+13.97 5.7 0.005
4% 70.00+19.80 76.67+20.84
5% 94.67+23.75" 103.33+24.08"
7%  102.67+15.00"# 110.00+£15.07"#
PVA  10% 57.67+11.13 66.67+10.93 5.426 0.007
15% 88.17+35.54>"" 99.33+35.392""
20% 93.83+33.19**#  107.00£33.8120#*

25% 112.67+24.67*>¢" 125.67+25.78* e

Note: ANOVA was used to compare the difference among each concentration
groups. LSD test was used to compare the difference between each two groups.
“compared to 3% group, P<0.01; *compared to 5% group, P<0.01; 2icompared
to 10% group, P<0.01; ®’compared to 15% group, P<0.01; ‘compared to 20%
group, P<0.01; “"‘compared to 7% group, P<0.01; *#*compared to 5% group,
P<0.01; “*compared to 4% group, P<0.01.

Table 2. Shear strength of calcium alginate or PVA/DCCP scaf-
folds.

strength of the calcium alginate/
DCCP scaffold cannot increase
all the way with the increasing of
SA concentration, but only within
a certain range of SA concentr-
ation.

As the concentration of PVA in-
creased, the shear strength of
10%, 15%, 20% and 25% PVA/
DCCP scaffolds also increased.
According to the experimental
results, the concentration of PVA
was proportional to the shear
strength of PVA/DCCP scaffold
within the concentration range
tested (Table 2).

SEM

It was observed under the SEM
that the surface and inner mor-
phology of calcium alginate/DC-

N Mean + SD F P ale

Shear force 3% 6  83.95+27.95  30.3 0.000 CP scaffolds was similar to po-
1% 6 208.85:223.78 rous vo!oanlc rock. The pores

5% 6 2154946.30 wgre of irregular shapes and va-

rying sizes, about 18.38-174.01

% 6 134.55+92.92 um. The surface and inner mor-

Compressive force 3% 6 227.43+67.43 30.8 0.000 phology of the PVA/DCCP scaf-
4% 6  348.78+49.49 folds was similar to that of the

5% 6 690.89+289.84 calcium alginate/DCCP scaffol-

7% 6 427.98+231.43 ds, with pore size of about 11.18-

terms of dissolution and deformation, so they
were qualified as scaffolds.

Setting time

As the concentration of SA and PVA increased,
both initial setting time and final setting time
were prolonged. Compared with 15%, 20% and
25% PVA/DCCP scaffolds, the 4%, 5% and 7%
calcium alginate/DCCP scaffolds took less time
to achieve final setting (Table 1).

Shear strength

The diameter of the electron probe was 1 mm
for 4 samples. As the concentration of SA in-
creased, the shear strength of 3%, 4% and 5%
calcium alginate/DCCP scaffolds also increas-
ed. But when SA concentration was increased
to 7%, the shear strength of 7% calcium algi-
nate/DCCP scaffold decreased, probably due
to the addition of excess SA. Thus, the shear
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241.63 um (Figure 1).
Cell proliferation-cytotoxicity assay

Cultured rat tooth germ cells were used as
shown in Figure 2A. According to the result of
cell proliferation-cytotoxicity assay, the 3%, 5%
and 7% calcium alginate/DCCP scaffolds had
poor compatibility with the tooth germ cells,
and the cytotoxicity was of grade 2-3. The cyto-
toxicity was not enhanced with time. The cyto-
toxicity of 20% and 25% PVA/DCCP scaffolds
was of grade 3-4, and the cytotoxicity was not
enhanced with time either (Figure 2).

Discussion

To achieve a good repair effect for jaw bone
defect, the bone implants should have high
plasticity and mechanical performance. DCPP
reinforced by SA or PVA may serve as an ideal
material for the repair of jaw bone defect. We
tested for the resistance to dissolution, setting
time, shear strength, SEM characteristics and
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Figure 1. The surface and inner morphology of calcium alginate/DCCP scaffolds under SEM. A. Surface morphology
of 3% calcium alginate/DCCP scaffold (x 200); B. Inner morphology of 3% calcium alginate/DCCP scaffold (x 200);
C. Surface morphology of 4% calcium alginate/DCCP scaffold (x 200); D. Inner morphology of 4% calcium alginate/
DCCP scaffold (x 200); E. Surface morphology of 5% calcium alginate/DCCP scaffold (x 200); F. Inner morphology
of 5% calcium alginate/DCCP scaffold (x 200); G: Surface morphology of 7% calcium alginate/DCCP scaffold (x
200); H. Inner morphology of 7% calcium alginate/DCCP scaffold (x 200); I. Surface morphology of 10% PVA/DCCP
scaffold (x 200); J. Inner morphology of 10% PVA/DCCP scaffold (x 200); K. Surface morphology of 15% PVA/DCCP
scaffold (x 200); L. Inner morphology of 15% PVA/DCCP scaffold (x 200); M. Surface morphology of 20% PVA/DCCP
scaffold (x 200); N. Inner morphology of 20% PVA/DCCP scaffold (x 200); O. Surface morphology of 25% PVA/DCCP

scaffold (x 200); P. Inner morphology of 25% PVA/DCCP scaffold (x 200).

RGR‘° T
“ T
FELELLLS

cell proliferative activity and evaluated the me-
chanical performance, microscopic morpholo-
gy and biocompatibility of the calcium alginate
or PVA/DCCP scaffolds. These were important
parameters that indicated the feasibility of the
scaffolds for jaw bone defect repair.

We found that 3%, 4%, 5% and 7% calcium algi-
nate/DCCP scaffolds and 15%, 20% and 25%
PVA/DCCP scaffolds had good resistance to
dissolution in liquid. As the concentration of
SA or PVA increased, both the initial setting
time and the final setting time increased. With
in the concentration range under testing, SA
had shorter final setting time. In shear strength
test, 3%, 4% and 5% calcium alginate/DCCP
scaffolds had higher shear strength, and the
shear strength increased with the increasing
concentration of SA. This was consistent with
the findings by Liu et al. [12]. Moreover, the
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Figure 2. Tooth germ cells in different groups (100 times magnifica-
tion). A. 3%; B. 4%; C. 5%; D. 7%; E. 10%; F. 15%; G. 20%; H. 25% .
Comparison of calcium alginate and PVA/DCCP bracket Cytocompat-
ibility. Note: The above was the general variation of RGR each material
with different concentration over time. Both calcium alginate and PVA
had cytotoxicity on tooth germ cells, which was classified as grade 3-4.
The confidence interval is marked by the cross line.

shear strength increased obviously with the
increase of PVA concentration. The shear st-
rength of PVA/DCCP scaffolds was directly pro-
portional to PVA concentration. Compared with
calcium alginate/DCCP scaffolds, PVA/DCCP
scaffolds had higher mechanical strength [13,
14].

As shown by SEM observation, both two scaf-
folds shared similar inner and surface morp-
hology which resembled the porous volcanic
rock with irregular pore shape and non-uniform
pore size. These pores provided the space for
the growth of cells. According to cell prolife-
ration-cytotoxicity test, the calcium alginate/
DCCP scaffolds had better biocompatibility [15,
16]. However, the cytotoxicity of the scaffolds
was still of grade 2-3, which indicated the need
to optimize the preparation process so as to
improve the biocompatibility. The cytotoxicity
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may arise from the calcination process and
the use of calcium chloride to treat the cal-
cium alginate/DCCP scaffolds. More studies
are needed to reveal the origin of cytotoxicity.

To conclude, PVA/DCCP scaffolds have better
mechanical performance, while calcium algi-
nate/DCCP scaffolds have better biocompati-
bility. The preparation process can be optimiz-
ed in the direction of integrating the advan-
tages of SA and PVA so as to create more suit-
able scaffolds for jaw bone defect repair.

Acknowledgements

This work was supported by The Natural Scie-
nce Foundation of Xinjiang Uygur Autonomous
Region, The title is Experimental Study of
Three-Dimensional Printing Protein Composite
Ceramic Bone and its Repairing Ability of Man-
dibular Defect (grant No. 2014211C037).

Disclosure of conflict of interest
None.

Address correspondence to: Hui-Yu He, Department
of Prosthodontics, The First Affiliated Hospital of
Xinjiang Medical University, NO. 137, South Liyu-
shan Road, Wulumugqi 830054, Xinjiang, P.R. China.
Tel: +86-15099161286; Fax: +86-15099161286;
E-mail: joe98344@126.com; huyangdr@163.com

References

[1] Ye P, Ma LK, Huang WL, She RF, Tian RY
and Deng J. Repairing rabbit radial bone de-
fects with three-dimensional tissue-engineered
bone composite scaffold. Zhong Guo Zu Zhi
Gong Cheng Yan Jiu Yu Lin Chuang Kang Fu
2014; 18: 383-388.

[2]  Xun SW, Cha ZG, Yang P, Wu H, Liu N, Zhao JH,
Xiong GX and She GR. Poly (propylene car-
bonate)/chitosan nanofibers three-dimension-
al porous scaffolds of mesenchymal stem cells
in repairing rabbit bone defect. Zhong Guo Zu
Zhi Gong Cheng Yan Jiu Yu Lin Chuang Kang Fu
2011; 15: 2889-2894.

[3] Tang M, Zhao X, Chen X, Cui XD, Wen JC and
Gao HH. A porous silk fibroin scaffold is requr-
ied for repair of critical-size mandibular de-
fects in rabbits. Zhong Guo Zu Zhi Gong Cheng
Yan Jiu Yu Lin Chuang Kang Fu 2013; 17:
1337-1343.

[4] Li XL. Bionic controlled release BMP-2 and ex-
perimental studies to develop and repair of
bone defects in rats BMP7 microsphere scaf-
fold. Guang Zhou: Nan Fang Yi Ke Da Xue
2014.

15407

[5] Zhang LP, Tu GH, Lian XL, Li YN and Dai XH.
Preparation and cytotoxicity evaluation of chi-
tosan-sodium alginate composite gel. Zhong
Guo Zu Zhi Gong Cheng Yan Jiu Yu Lin Chuang
Kang Fu 2014; 18: 3311-3315.

[6] Jiang HL, Cui YL, Qi XJ, Qi Y and Ding S. Algi-
nate-chitosan microcapsule in tissue engineer-
ing research. Zhong Guo Zu Zhi Gong Cheng
Yan Jiu Yu Lin Chuang Kang Fu 2014; 18: 412-
419.

[7] LiZG, TuY, Qi YY, Che XQ and Liu B. Polyvinyl
alcohol and its composite materials for tissue
engineering scaffolds. Zhong Guo Zu Zhi Gong
Cheng Yan Jiu Yu Lin Chuang Kang Fu 2013;
17: 6193-6199.

[8] Chen GY, Pang DW, Hwang SM, Tuan HY and
Hu YC. A graphene-based platform for induced
pluripotent stem cells culture and differentia-
tion. Biomaterials 2012; 33: 418-427.

[9] CuoJ, LiZ, He HY and Hu Y. The microstructure
of antigen-extracted heterologous bone. Zhong
Guo Zu Zhi Gong Cheng Yan Jiu Yu Lin Chuang
Kang Fu 2013; 14: 7425-7429.

[10] Xu HF. Study on biocompatibility of bone scaf-
fold materials prepared by different methods.
Zhong Guo Zu Zhi Gong Cheng Yan Jiu Yu Lin
Chuang Kang Fu 2011; 15: 8749-8752.

[11] Xu HF, He HY and Tang XX. Cytocompatibility
of bone marrow mesenchymal stem cells and
antigen-extracted xenogeneic cancellous bone
scaffold treated by physiochemical or chemical
method. Zhong Guo Zu Zhi Gong Cheng Yan Jiu
Yu Lin Chuang Kang Fu 2012; 16: 958-962.

[12] LiuY, Ren L, Ji PH and Wang JJ. Purification of
sodium alginate and preparation of porous cal-
cium alginate scaffolds. Hua Nan Li Gong Da
Xue Xue Bao 2012; 40: 143-147.

[13] Linh NTB, Lee KH and Lee BT. Fabrication of
photocatalytic PVA-TiO2 nano-fibrous hybrid
membrane using the electro-spinning method.
J Mater Sci 2011; 46: 5615-5620.

[14] LiuY, ZhangL, Zhou G, Li Q, Liu W, Yu Z, Luo X,
Jiang T, Zhang W and Cao Y. In vitro engineer-
ing of human ear-shaped cartilage assisted
with CAD/CAM technology. Biomaterials 2010;
31:2176-2183.

[15] Sun Z, Meng CF, Zhang ZQ, Li SC and Zhou Y.
Nano-hydroxyapatite/chitosan/alginate for re-
pairing mandibular defects. Zhong Guo Zu Zhi
Gong Cheng Yan Jiu Yu Lin Chuang Kang Fu
2013; 17: 8815-8820.

[16] Guo HY, Wang XL, Xu P, Zhu XY and Yang C.
Constructing a tissue-engineered dental root
by seeding dental papilla cells into poly (lactic-
co-glycolic acid)/sodium alginate hydrogel.
Guo Zu Zhi Gong Cheng Yan Jiu Yu Lin Chuang
Kang Fu 2013; 17: 7389-7395.

Int J Clin Exp Med 2017:10(11):15400-15407


mailto:joe98344@126.com

