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Development of a new degradable bioglass-based bone cement for osteoporotic compressive

fractures: an in vitro experimental study
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Abstract: Objective To develop a new type of bone cements by adding bioglass (BG) into calcium phosphate cement ( CPC)
and evaluate its material properties and bioactivity. Methods Different proportions of the CPC-BG composite were mixed to obtain
an injectable, self-solidified, and degradable alternative material. The osteoblasts (OB) were seeded onto the CPC-BG composite
disks and the adhesion, proliferation, morphology, and differentiation abilities of the OB were observed. Results The setting
times of CPC-BG were prolonged as the content of BG increased. The injectability of CPC-BG composite paste improved
significantly compared to that of CPC paste (P <0.05). The compressive strength of CPC-BG composites was higher than that of
CPC significantly (P <0.05). In addition, the degree of cell attachment, proliferation and differentiation, and biocompatibility
increased by adding BG into CPC. Conclusion CPC-BG with injectability and high strength and good bioactivity, may become a
new material for vertebroplasy in the treatment of osteoporotic compressive fractures.
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1.1 AP e B S 4l

4 45S5 BG( bioglass,45S5 NovaBone, Alachua,
S A CPC( AAT i #8 ) B BRI 5 ARAT WAL KL AR 2
10 WK B9 MR, $2AS [6) 3 i e fE A 4 B (3%
1) USRI 1 mol/L BiR — S F AR = — 41
VEBAR , #2 AR R 5 WOAH 1Y He B 2.0 g/mL, FiE
il L E R B AL AR ] 7R 100% AH X EE
kA T 37°C [ 4k
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Table 1 Experimental grouping

il BG &FH (%) CPC & (%)
A 10 90
B 20 80
C 30 70

CPC 0 100

1.2 FAEH:E e

(D#E [E B ] AR HE ASTM C187-98 47 i ik 5
2%, M 1SO 7K U s o A 32 45 235 B [ ) e S (T It
T FAER VAT PR 7)) ) A [ s [ 2
TE 6 W HOFHIE,

QRIS 4y BIFEA BHY B RAHIR A 1.3.5.,
7.10 A1 15 min JG#EA 2.5 mL —RPET 5T 2564
PR AR R S AR
W, WM (%) = HEH AR S T T AR
i, MR EE N 6 I, BCFE,

@72 i 38 3 B LA A A v KA ) R R
FECEAZ S mm S 10 mm) . 7E[E4L 1d f17d )5,
F T RE 1R HLLL 1 mm/min N2 28 B 4 T
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MR T 24 FLA P IHRELF A AR T A2 it
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ZLREFE 4 b /NG SRR, BUL A RL, BT 24
LA AL BE SR AR, BR LTI DMSO 600 pL, 7237 10
min, FEFLIZER 3 43 150 pl B FEE] 96 FLETFR AR
B4 DMSO BT A 25 FLFL IR, FH I e 2 Az il
AXAE 490 nm PEAME OD {H, B 4 MI3G 56 55 55
(RN 555 7 IR IR, A BIAE R R 1 4 S 7d )5,
FHBEEE S 2 AU AE 490 nm P E OD {H .,
BRI R 6 NFEA, O ME, AR
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ALP 35 PRI - 85 0 40 L 2.0 x 10° /4L 1Y
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EREFRWH PBS /NNEDE3 K, H 1% TritonX100
TSR AN B, 4°C 2 T E 12 h, I ALP
I 6 I SR 4 v il 3 L 1 405 nm
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1.4 SEil2ghba

T TERER FH mean + SD 27, 2R SPSS 19. 0
HEET 7 2243 B ( ANOVA ) |, A [7] 2H #4 %% 2 1] 5%
SNK-q R 31 TP PR LA, Ay SO 20 ] LR
FEDRUN ¢ Ao 535 5% 5 PRV 3R 5 22 43 AF (ANOVA ) , P <
0.05 INAHAGIT2E2ER
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2.1 e
BAURPRL A B C 2 B B RL CPC 4 [
IR 2, BEE AR BG 4173 Ry,
B AR BE [ I [R] 2 A
T2 ANIRSEIRLH BE ] [H) 25
Table 2 The results of the setting time in

different groups

! % [ B[] ( min )
A 21+1.4

B 25+0.9

C 34+1.1
CPC 15 0.8

2.2 ishtk
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Fig.1 Comparison of the injectability among different groups
* P <0.05, compared with CPC group
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Fig.2 Comparison of compressive strength among
different groups

“P<0.05, compared with CPC group
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Fig.3 Comparison of cell attachment on different surface

of the material and different time-points
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Fig.4 Comparison of cell proliferation on different

surface of the material and different time-points
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Fig.5 Comparison ALP activity in cells on different surface

of the material and different time—points
3 i

FHIAST OVCFs RMEIRIE FERTRL 28 K 2 B2
R EENIRIR NG . SR, AR R ] R A B -
FAUR) H o S AN BRSBTS ek
B BHA WO AR SR s, R
PMMA ‘K Je e ah B "o PRI, 361 U 55—
BT AIHEA B AR, X B R SR 1A 2 %
J12ESCAE RN 30 7T 38 i B A% S A R A
PEFITRIAS .

W5 R #5 ‘H 7K J& ( calcium phosphate cement,
CPC) A7 WAZREST , BEWEIANTIAN , Jo A w51k , R o
BN P T HER R 7 L (E T g
SFOR B 2E IR MR [E A PRI ME | TR L il
AR N BB A A 3T AR5 B2 A8 B0
P2 FAR R A R A BT ™

A R — 2R IS S E AL R RS
S BRAAEAT R Y LS AR B A R T LA
WIS R B MR L SRSl KRR R
FALE, A=Y EAT P O0 A (1) 2R DB al i
FERS T TEAPRE I 5 B 2L (W Al 2
B, XL R e B SR A TR S AR S
B S BRRE TE , o e SO TR A8 K AT 5 (2)
AP A AT DL ) kAR A 2 ) B AR T AR )
e AL LS HUAERE , B UEAT % M RR IR D) e
(ORI 5 JE A TR A I R BESR L (R, B
A AW A A AN RE S A b HE AR i Y Bk
PR IR, [, BUA A Y B3 14 R ) 2%
SHR AR, A3 G P 3 A A i R E AR A
MBBE . ABFFE 0 A Y RS AT SRS
(HARAG D Bl 5 A, 1T ELRAT — 5 19 ) 2 5
RAFHLE YT TE RS R HEM BB AR B ESR

fdi ] PMMA 57K R 8 78 2 s 4 - I U HEIR Y

SR 3 RS S M P B0 AR R I e, A g 2
FasE R B R Y LAY (H X i A 1 5 B 4
A, ARSIy L BN S A
J5 B AORPRRE OD BB 55 T CPC 20, 3R A= 8
IPRHI S AT BT e AR Ve . LT R
BT hy A 0 B 3 5 4 fh s T A LR TR AR
Si0, J2, T A o A 7R 3 o R T ot 9 2 A
S ATRPRE R D I R R IR, R
HAE CPC R A bR 2 THI A5 1E 10 4 I 250
ST EORY v  1) 1 i A S e N O O & <
FEEHAIE £ A0 RS R AE 4 IE S8 R B B 4
A

B M A R R R 3% 44 1 7d S5, ALP
LR T CPC 4L, I B I IS K | ALP 355 14 12 7
BN, B A MBI CPC | T 2 25 40 43
WHAPART CPC B E T, TEA SR Bt
FER AT B 88 T AT S 40 4R L T 5 Ca
Jo Si BT RS A F T 40 MO A A K BB 43
A6 B SRR 4585 A M B s xE A
BESLTR T4 ALP 3G VEROE & R AR e (HE
TEAR PN S0 v F A W B 0 0 R 08 35 4 R P2, LT
BEJS PTE T AN O TOER 542 2 (4 22 i 20 LA
o KR, RN BG e P A o A 41
PERIHLEN 42 2% | AT REASAL S i £ 115 i T
AN AR SE IR B — TBE Y R B,
PLGA-S-BG B AUAH AT A R #E N -6 32 5 14
B AT UL, FTRT S T B A
BEHL T T 40 M AR A — S 20, S I
T B X B B T A M) A B B s
FMRHI AR W2 S REHEA T HIRARIBESE

4 e

B G R D WS K e B B
TN S AR SRR TRl B RAF I 2R AR 2
P, A A BN — PR YT OVCFs 18T B HE IR 1B
kL

[ 2 % x o ]

[ 1] JAE W, KA, 5 MRS DB AR IR 9T B 0GR M 1
FEGRPEB IR B [T]. B BUs R 2K ,2012,18(5) -
429-433.

Zhou Y, Hai Y, Su QJ, et al. Clinical analysis of percutaneous

kyphoplasty for osteoporotic vertebral compression fracture. Chin J

Osteoporosis ,2012,18 (5) :429433. ( in Chinese)
(THE55 696 11)



696

[18]

G RNES= A Wi A

2015 4F 6 45 21 %% 6 1] Chin J Osteoporos, June 2015 ,Vol 21, No.6

Journal of Guangzhou Medical College,, 2007 ,35.31-33.

Gokhan G, Fatma S M, Zeynep Y et al Evaluation of vertebral
bone marrow fat content by chemical-shift MRI in osteoporosis
Skeletal Radiology.2011, 40 577-585.

M. A. Fischer, D. Nanz, A. himakawa,et al. Quantification of

muscle fat in patients with low back pain; comparison of multi—

[19]

echo MR imaging with single-voxel MR spectroscopy,2013,1674-
1897.
Ojanen X, Borra RJ,Havu M, et al. Comparison of vertebral bone
marrow fat assessed by | HMRSand inphase and out-ofphase MRI
among family members. Osteoporos Int,2013:2472-9.

(ki H . 2014-08-07)

( 3% 686 11)

[2]

(7]

[9]

[10]

Denaro V, Longo UG, Denaro L. Vertebroplasty versus
conservative treatment for vertebral fractures. Lancet,2010, 376
(9758) :2071.

Klazen CA, Lohle PN, de Vries J, et al. Vertebroplasty versus
conservative treatment in acute osteoporotic vertebral compression
fractures ( Vertos II) : an open-abel randomised trial. Lancet,
2010, 376(9746) :10854092.

Vargas GE, Mesones RV, Bretcanu O, et al. Biocompatibility
and bone mineralization potential of 4585 Bioglass-derived glass—
ceramic scaffolds in chick embryos. Acta Biomater, 2009, 5.
374380.

Niichterlein M, Bail HJ. A rare complication of kyphoplasty is
PMMA —cement loosening — case report and literature review. Z
Orthop Unfall, 2013, 151(5) :463467.

Verron E, Pissonnier ML, Lesoeur J, et al. Vertebroplasty using
bisphosphonatedoaded  calcium  phosphate  cement in a
standardized vertebral body bone defect in an osteoporotic sheep
model. Acta Biomater, 2014, 10(11) :4887-4895.

Nakano M, Hirano N, Ishihara H, et al. Calcium phosphate
cement-based vertebroplasty compared with conservative treatment
for osteoporotic compression fractures; a matched case-control
study. J Neurosurg Spine,2006, 4(2): 110417.

Maestretti G, Sutter P, Monnard E, et al. A prospective study of
percutaneous balloon kyphoplasty with calcium phosphate cement
in traumatic vertebral fractures: 10-year results. Eur Spine J,
2014, 23(6) :13544360.

Blattert TR, Jestaedt L, Weckbach A. Suitability of a calcium
phosphate cement in osteoporotic vertebral body fracture
augmentation ; a controlled, randomized, clinical trial of balloon
kyphoplasty calcium

polymethylmethacrylate. Spine, 2009, 34(2) . 108114.

comparing phosphate versus
Nandi SK, Kundu B, Datta S, et al. The repair of segmental

bone defects with porous bioglass : an experimental study in goat.

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

Res Vet Sei,2008, 2: 162473.
Bretcanu O, Misra S, Roy I, et al. In vitro biocompatibility of
4585 Bioglass ( (R) ) —derived glass—ceramic scaffolds coated with
poly ( 3-hydroxybutyrate ) . J Tissue Eng Regen Med, 2009, 2.
139448.

Reilly GC, Radin S, Chen AT, et al. Differential alkaline
phosphatase responses of rat and human bone marrow derived
mesenchymal stem cells to 4585 bioactive glass.

2007, 28: 4091-4097.
Lee MH, Ducheyne P, Lynch L, et al. Effect of biomaterial

Biomaterials ,

surface properties on fibronectin-alpha (5 ) beta (1) integrin

interaction and cellular attachment. Biomaterials, 2006, 27.
19074916.

Xynos ID,Edgar AJ,Buttery LD, et al. Gene-expression profiling
of human osteoblasts following treatment with the ionic products of
Bioglass 4585 dissolution. J Biomed Mater Res, 2001, 55(2):
151457.

Hoppe A, Guldal NS, Boccaccini AR. A review of the biological
response to ionic dissolution products from bioactive glasses and
glass-ceramics. Biomaterials, 2011, 32(11) :27572774.

Reilly GC, Radin S, Chen AT, et al. Differential alkaline
phosphatase responses of rat and human bone marrow derived
mesenchymal stem cells to 4585 bioactive glass. Biomaterials,
2007, 28 4091-4097.

Gerhardt LC, Widdows KL, Erol MM, et al. The pro-angiogenic
properties of multifunctional bioactive glass composite scaffolds.
Biomaterials, 2011, 32(17) :4096-4108.

Pamula E, Kokoszka J, Cholewakowalska K, et la.

,
Degradation, bioactivity, and osteogenic potential of composites
made of PLGA and two different sol-gel bioactive glasses. Ann

Biomed Eng, 2011, 39:21142129.
(ks H 191 .2015-0331)



