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Abstract The aim of this study was to evaluate the

composite matrices prepared using Poly(lactic-co-glycolic

acid)- PLGA (85:15) by incorporating human bone matrix

(BM) powder or demineralized bone matrix (DBM) powder

with the weight ratio of polymer: BM or DBM (75:25) to

apply for bone repair. Murine Bone Marrow Stromal Cell

(BMSC) attachment was studied with different time points

at 30 min, 1 h, 2 h, 4 h, and 6 h for BM/PLGA, DBM/

PLGA and PLGA control matrices. All types of matrices

were linearly increased the BMSC attachment with the

increase of time. Significantly higher number of BMSCs

was attached to the both BM/PLGA and DBM/PLGA

matrices after 2 h compared to the controls. If BM or DBM

is incorporated into biodegradable PLGA matrices and

cultured with BMSCs, those composite matrices could be

potentially used for bone tissue engineering applications. In

addition, particle migration and handling difficulties in

DBM powder in clinical applications eliminate using a

PLGA matrix. Furthermore, we have observed that DBM/

PLGA matrices were structurally stronger compared to the

BM/PLGA or control PLGA matrices when they exposed to

physiological environment for 72 days.

1 Introduction

Mineralized and demineralized freeze-dried bone allografts

have been used for the regeneration of orthopaedic [1–6],

dental [7, 8], and craniofacial [9, 10], applications such as

bone injuries, defects and irregularities in humans. These

allografts provide osteogenic components such as a mixture

of proteins and growth factors including bone morphoge-

netic proteins (BMPs), a powerful regulator for bone

formation [11, 12]. Mineralized allograft consists mineral,

hydroxyapatite which provides osteoconductive properties,

and mechanical strength to the bone to bear the loads.

Demineralized bone matrix (DBM) is the least immu-

nologic of the allograft bone types [9] and extracted by

removing the mineral in the bones using acids, allowing the

organic and protein constituents to remain [9]. Urist dem-

onstrated cartilage and heterotopic bone formation after the

implantation of allogenic DBM at intra-muscular sites in

rodents. He hypothesized that the presence of a protein

(introduced as BMPs) was responsible for inducing carti-

lage and bone formation [11–13]. This hypothesis

suggested that BMP is released from a macromolecular

aggregate of noncollageneous proteins in the process of

normal bone turnover or in response to implantation. Reddi

et al. has been reported that bone induction is a sequential

biological chain reaction that consists of chemotaxis and

proliferation of mesenchymal cells and differentiation of

bone [14]. Undifferentiated mesenchymal cells migrate to

the surface of the matrix particles by chemotaxis, increase

their number by mitosis, and differentiate, first into chon-

drocytes producing cartilage and later into osteoblasts

producing bone. Some investigators have reported that

native insoluble BMP and noncollageneous protein induced

differentiation of mesenchymal cells into chondrocytes in

vitro [5, 15].

More extensive use of DBM powder in clinical applica-

tions is limited due to several reasons including difficulties

in handling and concerns about particle migration [5, 16].

Even though there are several forms of demineralized
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allograft bone products are commercially available, clinical

failure in orthopaedic applications are reported 50% [17].

Most of commercially available DBM forms use liquid such

as glycerol, and localized release of osteogenic components

may not expect because of their rapid diffusional excretion

from the site [18]. It is therefore necessary to contain the

osteogenic components in a carrier which does not disperse

immediately so that it will have a localized effect at the bone

healing site. One possible way for enhancing in vitro effi-

cacy is to achieve its controlled release over an extended

time period by incorporating the bone matrix (BM) or DBM

in a biodegedable polymer matrix.

Biodegradable Poly(lactic-co-glycolic acid)-PLGA

(85:15) co-polymers have been used extensively as sutures,

plates, and screws for repair of bone fractures [19, 20], drug

delivery systems and templates for tissue engineering

applications [21–23]. PLGA co-polymers hydrolytically

degrade into metabolic products (lactic, glycolic acid)

which are incorporated into metabolic pathways (tricar-

boxylic acid cycle) and eventually excreted as CO2 and H2O

[24]. Therefore, PLGA is biodegradable, biocompatible,

osteoconductive and United States Food and Drug Admin-

istration approved polymer material for clinical

applications. The biodegradation level of PLGA can be

regulated by choosing appropriate amount of copolymer

ratio. In addition, PLGA copolymers have been shown to

support osteoblast attachment, growth and function [25, 26].

In the present study, we hypothesized that incorporation

of BM and DBM powder into PLGA could be avoided the

particle migration and handling difficulties in clinical

applications. We have also evaluated the murine bone

marrow stromal cell (BMSC) attachment in BM/PLGA and

DBM/PLGA matrices in vitro for potential use in bone

tissue engineering applications.

2 Materials and methods

2.1 Preparation of DBM

Fresh freeze-dried human cadaver bone specimens were

used to obtain BM and DBM powder which were prepared

according to protocol published by Glowacki & Mulliken

and briefly as follows [9]. Bones were cleaned for muscle,

cartilage, connective tissue and then hammered to get small

pieces. The pieces of bone were cleaned free of marrow

and adherent soft tissues and washed thoroughly with cold,

deionized water. The extraction of cleaned tissue was

carried out with several changes of absolute ethanol for at

least 1 h. The DBM particles were dehydrated using

anhydrous ethyl ether in a fume hood for 1 h and then

stored at room temperature. The dehydrated material was

pulverized in a freezer impact mill (Spec, New Jersey). The

pulverized BM powder was demineralized using 0.5 M

HCl for 3 h at room temperature. The acid and free min-

erals were washed away with cold, deionized water. The

DBM particles were extracted with changes in absolute

ethanol for 1 h. The material was then extracted in a fume

hood with changes of anhydrous ethylether for 1 h and left

in the hood overnight in order to evaporate the remaining

ethylether.

2.2 Incorporation of BM/DBM into PLGA films

PLGA (85/15) copolymer Medisorb Alkerenes� amor-

phous with glass transition temperature (Tg = 55�C) was

dissolved in chloroform to fabricate films. After drying

thoroughly more than 24 h under air circulation hood fol-

lowed by vacuum oven, smooth transparent films were

peeled off from the petri dishes and kept in the desiccator

until use. The PLGA films were used as controls.

BM or DBM particles were added with the weight ratio

of PLGA:BM/DBM 75:25 while PLGA in the soluble state.

The BM particles were approximately in the range of 25–

50 lm. The BM or DBM in PLGA suspension was soni-

cated 10 min to disperse the particulates. Then BM/DBM

incorporated PLGA films were prepared casting suspension

into the Petri dish and final thickness of all matrices were

approximately 80 lm.

2.3 Morphology of matrices––scanning electron

microcopy (SEM)

Images of morphology in all types of matrices at different

time points were obtained using a Hitachi S3200 SEM

operating with 20 kV accelerating voltage under high

vacuum. Conventional secondary electron scintillator

detector was used with tungsten filament. Matrices were

coated with a 20 nm gold layer using a Denton vacuum

model Desk II sputter coater. For each matrix at each time

point, two matrices (n = 2) were used for SEM analysis

and observed at low magnification (509). Then the one of

the most similar area in two matrices at each time point

was selected and imaged with higher magnification

(2009). Therefore, SEM images represent the statistically

meaningful results. However, at 72 days, PLGA control

and BM/PLGA samples were partially broken and the large

pieces of matrices that remained were used for the SEM

analysis.

2.4 Evidence of having osteogenic and

osteoconductive components––fourier transform

infrared (FTIR) spectroscopy

A piece of film (*20 mg) was ground into a fine powder

of BM or DBM and blended with KBr and then pressed to
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get a pellet, which was used for FTIR measurements.

The same method was used to obtain FTIR spectra for

BM/PLGA and DBM/PLGA matrices.

2.5 BMSC isolation and culture

The C57/BL-6 strain, 6 weeks old, male mice were pur-

chased from the Charles Rivers Laboratory, Wilmington,

MA. The mice were housed in the animal care facilities of

University of Toledo Health Science Campus. One mouse

was euthanized by CO2 inhalation performed according to

the American Veterinary Medical Association (AVMA)

panel on euthanasia and the University of Toledo guide-

lines. Murine BMSCs were isolated by flushing the femurs

from the mouse using a-Minimum Essential Medium

(MEM) at 1000 rpm for 10 min and the cell pellet was

resuspended in fresh a-MEM. All preparations were

pipetted repeatedly to break up cell aggregates. Cells were

then cultured at 37�C, 95% humidity and 5% CO2 in flasks

containing 10 ml of growth medium with a-MEM, 10%

volume fraction of fetal bovine serum (FBS), 100 U/ml

penicillin and 100 lg/ml streptomycin sulfate. The result-

ing adherent cells were harvested as follows: cells were

washed twice with Hank’s balanced solution, treated with

two consecutive applications of trypsin EDTA for 3–5 min

each at 37�C, and washed with growth medium. BMSCs

were maintained in growth medium with media changes

every 3–4 days.

2.6 BMSC attachment

PLGA, BM/PLGA and DBM/PLGA solutions were casted

into glass coverslips (circular shape with diameter 12 mm)

and used for cellular experiments. All matrices were ster-

ilized applying UV radiation for 15 min under the cell

culture laminar hood. If PLGA films were subjected for

extended time for UV radiation the sample surface would

be damaged. Therefore, UV radiation was applied only

15 min to samples. Since Ethylene oxide is highly toxic

and c-irradiation would be changed the properties of

PLGA, we did not use those two methods to sterilize the

samples. Murine BMSCs from first passage was seeded

into PLGA, BM/PLGA and DBM/PLGA matrices in the 24

well plates with the cell culture media containing a-MEM

supplemented with 10% FBS and 1% penicillin-strepto-

mycin. Cell density used for experiments was 50,000 cells/

ml and 0.5 ml of media with cells pipetted into 24 well

plates. Cell attachment was tested for each time point at

30 min, 1 h, 2 h, 4 h, and 6 h after washing unattached

cells with phosphate buffered saline (PBS) and then

attached cells were tripsinized and counted using a Coulter

counter.

2.7 Statistics

The values on each graph represent mean and standard

deviation. The number of attached cells and mass of the

matrices were statistically analyzed with 1-way ANOVA

for effects of matrice type and time followed by Tukey post

hoc multiple comparisons using Sigmastat software version

13.0. Values of P \ 0.05 were considered as statistically

significant.

3 Results

3.1 Evidence of osteogenic and osteoconductive

components-FTIR

For the BM powder sample IR peaks appeared at

1645 cm-1 (m3) for Amide I (C=O stretching) and at

1536 cm-1 (m3) for Amide II (N–H bending) respec-

tively, due to the osteogenic components in the bone

matrix. The peaks at 1022 (m3), 602 (m4), and 560 cm-1

(m4) were characteristics peaks for PO4
3- (Fig. 1b). DBM

powder sample also exhibited the C=O stretching and

N–H bending peaks at 1648 and 1527 cm-1 (m3)

(Fig. 1a). BM/PLGA and DBM/PLGA matrices were

shown evidence of having osteogenic components similar

to BM and DBM powder appearing C=O stretching at

1648, 1646 and N–H bending bands at 1537, 1538 cm-1

respectively (Fig. 1c, d). Figure 1c and d exhibited the

characteristic IR peaks for PLGA: at 1000–1300 cm-1

for ester bond, at 1737 cm-1 for carbonyl peak (C=O

stretching), and at 2878–2994 cm-1 for methyl groups.

However, ester bond peaks in the range of 1000–

1300 cm-1 in Figure 1c and d appeared with poor

resolution.

3.2 BMSC attachment on matrices

All types of matrices, just after preparation, without sub-

jecting to any degradation, were linearly increased the

BMSC attachment with the increase of time. The BMSCs

grown in wells containing BM/PLGA and DBM/PLGA

demonstrated significantly higher BMSC attachment at 2 h,

4 h, and 6 h compared to cells grown in wells with controls

(P \ 0.05) (Fig. 2). However, there were no significant

difference of cell attachment was observed for the

DBM/PLGA matrices and BM/PLGA matrices at all time

points except 2 h (P \ 0.05). At 6 h, the attached number

of BMSCs were approximately 5000, 7500, and 7000

for the control, DBM/PLGA, and BM/PLGA samples,

respectively.
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3.3 Morphology changes-SEM

The SEM images of morphology for PLGA, BM/PLGA and

DBM/PLGA matrices at 0, 24, 48, and 72 days are shown in

Figs. 3, 4, and 5, respectively. Control PLGA is shown

smooth surface at 0 weeks, then gradually degraded features

appeared at 24 and 48 days, and circular shape of pores

appeared due to the further degradation at 72 days (Fig. 3).

BM powder was distributed homogeneously throughout the

PLGA matrix at 0 weeks (Fig. 4a). PLGA matrix seems to be

slightly ruptured exposing to PBS and BM particles can be

observed in the surface of BM/PLGA matrix at 24 days

(Fig. 4b) and further degraded surface appeared at 48 days

(Fig. 4c). There were more BM particles observed in the

surface of BM/PLGA with less of polymer matrix due to the

degradation at day 72 (Fig. 4d), compared with days 24 and

48. At 24 day, there were few holes presented due to the

degradation of PLGA/DBM (Fig. 5b) but it was unlike to the
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BM/PLGA at day 24. More degraded features were appeared

at day 48 with holes in the DBM/PLGA matrices. A day 72,

DBM/PLGA matrices exhibit more degradation features

compared with day 24 and day 48.

3.4 Mass loss

The dry mass of all types of matrices was measured before

and after placement in PBS at each time point. Normalized

mass loss was calculated (4 matrices at each time) from the

ratio of mass of matrices after exposing to PBS at each time

point to their initial mass. Normalized mass loss for each type

of films is shown in Fig. 6. BM/PLGA matrices start to

exhibit higher mass loss relative to other two types of

matrices. The significant mass loss was not observed for

DBM/PLGA matrices throughout the period exposure to

PBS. PLGA control films start to loss their mass significantly

after 60 days and then loss all most all mass around 80 days,

but DBM/PLGA matrices loss their mass less than 20% even

at 80 days.

4 Discussion

In the present study, we successfully prepared the BM,

DBM incorporated PLGA composite matrices using a

simple method. There are several advantages that can be

derived from these composite matrices when they are

applied to treat the bone: (1) The DBM or BM particle

migration, immediate dispersion with blood or handling

difficulties during the clinical applications can be avoided;

(2) Since the PLGA matrix is completely degradable, it

could be implanted close to the site where it is needed, such

as in the bone to treat bone fracture; (3) Osteogenic and

osteoconductive components in the matrices can be

released in a controllable manner when patients are treated

for long-term bone fractures; (4) Another unique feature of

these matrices is that it can be fabricated with different

sizes and variety of shapes according to the target site

because these PLGA polymers are very flexible.

We evaluated in vitro BMSC attachment at different

time points on control, DBM/PLGA, and BM/PLGA,

matrices. Both DBM/PLGA and BM/PLGA matrices

exhibit statistically significant higher amount of BMSC

attachment after 2 h and beyond compared to PLGA con-

trols. BMSCs seem to be favorable to attach DBM/PLGA

or BM/PLGA matrices than the control probably due to the

existence of osteoconductive and osteoinductive compo-

nents in BM or DBM. Some studies have shown induce

function of BMSCs which seeded in the matrices con-

taining DBM or partially DBM [27, 28]. Their results

demonstrate that partially demineralized bone can be

Fig. 3 SEM images of PLGA

controls at different time points

exposed to PBS a 0 days; b
24 days; c 48 days; d 72 days
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successfully used with human BMSCs to support osteo-

genic differentiation in vitro [27]. The expression of

osteocalcin increased up to 5-fold in DBM matrices com-

pared to the values of the ceramic matrices after 21 days

[28]. This difference has been explained that DBM consist

of collagen, a variety of adhered growth factors such as

BMPs or TGF-b. Another study has shown that active BMP

in DBM can stimulate osteogenetic differentiation of pre-

myoblasts by inducing (Alkaline Phosphatase) ALP activ-

ity [29]. Similar to our BMSCs attachment on BM/PLGA

and DBM/PLGA, we speculate that BMSCs seeded

BM/PLGA and DBM/PLGA matrices will be significantly

enhanced the osteoblast gene expression markers and

secretion of extracellular matrix, compared to PLGA con-

trol samples, since those samples possess osteoconductive

and osteoinductive components.

According to SEM images in Figures 3, 4, and 5, it

seems that both BM/PLGA and PLGA matrices degrade

faster than DBM/PLGA matrices. Agreeing with this result,

higher mass loss (Fig. 6) was observed for BM/PLGA

followed by PLGA matrices during the incubation. The

mineral particle leached out from the BM/PLGA matrices

(Fig. 4) and therefore, higher mass loss was observed in

BM/PLGA matrices. Degradation of PLGA is a hydrolytic

process. Cleavage of an ester bond yields a carboxyl end

group and a hydroxyl group [30–32]. Degradation of

semicrystalline polyesters in aqueous media occurs in two

stages [32]. The first stage consists of water diffusion into

the amorphous regions with random hydrolytic scission of

ester bonds. The second stage starts when most of the

amorphous regions are degraded. The hydrolytic attack

then proceeds from the edge towards the center of the

crystalline domains. Mass loss of DBM/PLGA depends on

the release of water-soluble oligomeric by products as well

as release of osteogenic components during the incubation

period. The DBM/PLGA matrix consists of osteogenic

components and it can affect the local environment inside

polymer matrix such as pH and hydration behavior. Due to

these reasons, DBM/PLGA matrix degradation seems to be

delayed and hence less mass loss was observed during the

80-day incubation period.

5 Conclusions

The composite PLGA matrices prepared in this study using

DBM or BM can be potentially applied for bone repair

applications in clinical orthopaedics and craniofacial tissue

Fig. 4 SEM images of BM/

PLGA controls at different time

points exposed to PBS a 0 days;

b 24 days; c 48 days; d 72 days
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regeneration. These novel composite formulations may

reduce the drawbacks caused by BM or DBM particles

when used in the clinical treatment of critical size bone

defects.

Acknowledgement The University of Toledo is greatly appreciated

by the authors for providing financial support for this research.

Authors also would like to acknowledge Dr. Vijay Goel in Bioengi-

neering Department at the University of Toledo for providing freeze-

dried bone specimens for this study.

References

1. Greenwald SA, Boden SD, Goldberg VM, Khan Y, Laurencin

CT, Rosier RN. Bone-graft substitutes: facts, fictions, and

applications. J Bone Joint Surg. 2001;83-A:98–103.

2. Iwata H, Sakano S, Itoh T, Bauer T. Demineralized bone matrix

and native bone morphogenetic protein in orthopaedic surgery.

Clin Orthop Relat Res. 2002;395:99–109. doi:10.1097/00003086-

200202000-00010.

3. Vaccaro AR, Chiba K, Heller JG, Patel TC, Thalgott JS, Tru-

umees E, et al. Bone grafting alternatives in spinal surgery. Spine

J. 2002;2:206–15. doi:10.1016/S1529-9430(02)00180-8.

4. Price CT. Comparison of bone grafts for posterior spinal fusion in

adolescent idiopathic scoliosis. Spine. 2003;28(8):793–8. doi:

10.1097/00007632-200304150-00012.

5. Maddox E, Zhan M, Mundy GR, Drohan WN, Burgess WH.

Optimizing human deminearlized bone matrix for clinical

application. Tissue Eng. 2000;6:441–8. doi:10.1089/107632700

418146.

6. Thalgott JS, Giuffre JM, Fritts K, Timlin M, Klezl Z. Instrumented

posterolateral lumbar fusion using coralline hydroxyapatite with

or without demineralized bone matrix, as an adjunct to autologous

bone. Spine J. 2001;1:131–7. doi:10.1016/S1529-9430(01)

00011-0.

Fig. 5 SEM images of DBM/

PLG controls at different time

points exposed to PBS a 0 days;

b 24 days; c 48 days; d 72 days

0

0.2

0.4

0.6

0.8

1

1.2

1.4

0 20 40 60 80

Time (days)

N
o

rm
al

iz
ed

 M
as

s

100

PLGA

DBM/PLGA

BM/PLGA

Fig. 6 Normalized mass loss for PLGA, DBM/PLGA and BM/PLGA

matrices as a function of time exposed to PBS

J Mater Sci: Mater Med (2009) 20:1637–1644 1643

123

http://dx.doi.org/10.1097/00003086-200202000-00010
http://dx.doi.org/10.1097/00003086-200202000-00010
http://dx.doi.org/10.1016/S1529-9430(02)00180-8
http://dx.doi.org/10.1097/00007632-200304150-00012
http://dx.doi.org/10.1089/107632700418146
http://dx.doi.org/10.1089/107632700418146
http://dx.doi.org/10.1016/S1529-9430(01)00011-0
http://dx.doi.org/10.1016/S1529-9430(01)00011-0


7. Mardas N, Kostopoulos L, Stavropoulos A, Karring T. Osteo-

genesis by guided tissue regeneration and demineralized bone

matrix. J Clin Periodontol. 2003;30:176–83. doi:10.1034/j.1600-

051X.2003.20031.x.

8. Babbush CA. Histologic evaluation of human biopsies after dental

augmentation with a demineralized bone matrix putty. Implant

Dent. 2003;12(4):325–32. doi:10.1097/01.ID.0000095466.18042.

31.

9. Glowacki J, Kaban LB, Murray JE, Folkman J, Mulliken JB.

Application of the biological principle of induced osteogenesis

for craniofacial defects. Lancet. 1981;1(8227):959–62. doi:

10.1016/S0140-6736(81)91730-X.

10. Mulliken JB, Glowacki J. Induced osteogenesis for repair and

construction in the craniofacial region. Plast Reconstr Surg.

1980;65(5):553–60. doi:10.1097/00006534-198005000-00001.

11. Urist MR, Dowell TA, Hay PH, Strates BS. Inductive substrates

for bone formation. Clin Orthop Relat Res. 1968;59:59. doi:

10.1097/00003086-196807000-00005.

12. Reddi AH. Morphogenesis and tissue engineering of bone and

cartilage: inductive signals, stem cells, and biomimetic bioma-

terials. Tissue Eng. 2000;6(4):351–9. doi:10.1089/107632700418

074.

13. Urist MR, Silverman BF, Burning K, Dubuc FL, Rosenberg JM.

The bone induction principle. Clin Orthop Relat Res.

1967;53:243. doi:10.1097/00003086-196707000-00026.

14. Reddi AH, Cunningham NS. Recent progress in bone induction

by osteogenin, bone morphogenetic proteins: challenges for

biomechanical and tissue engineering. J of biomech engi.

1991;113(2):189–90. (1991 May).

15. Cordewener F, Schmitz J. The future of biodegradable osteo-

syntheses. Tissue Eng. 2000;6(4):413–24. doi:10.1089/1076327

00418119.

16. Dall’Agnol R, Carvalho MB, Rapoport A, Silva MALG. Induction

of osteogenesis by demineralized homologous and xenograft bone

matrix. Acta Cir Bras. 2003;18(3):178–82. doi:10.1590/S0102-

86502003000300003. serial online.

17. Toriumi DM, Larrabee WF Jr, Walike JW, Millay DJ, Eisele

DW. Demineralized bone. Implant resorption with long-term

follow-up. Arch Otolaryngol Head Neck Surg. 1990;116(6):676–

80.

18. Gertzman AA, Hae Sunwoo M. A pilot study evaluating sodium

hyaluronate as a carrier for freeze-dried demineralized bone

powder. Cell Tissue Bank. 2001;2(2):87–94. doi:10.1023/A:

1014398514168.

19. Cutright DE, Hunsuck EE. fracture reduction using a biode-

gradable material, polylactic acid. J Oral Surg. 1971;29:393–7.

20. Vert M, Christel P, Chabort F, Leray J. Biresorbable plastic

materials for bone surgery. In: Hastings GW, Ducheyne P, edi-

tors. Macromolecular biomaterials. Boca Raton, FL: CRC Press;

1984. p. 120–42.

21. Gombotz WR, Pettit DK. Biodegradable polymers for protein and

peptide drug delivery. Bioconjug Chem. 1995;6:332–51. doi:

10.1021/bc00034a002.

22. Matsumoto A, Matsukawa Y, Suzuki T, Yoshino H. Drug release

characteristics of multi-reservoir type microspheres with

poly(DL-lactide-co-glycolide) and poly(DL-lactide). J Con Rel.

2005;106:172–80. doi:10.1016/j.jconrel.2005.03.026.

23. Yarmush M, Morgan J, editors. Tissue engineering methods and

protocols. New Jersey: Humana Press Inc; 1999.

24. Williams DF, Mort E. Enzyme-accelerated hydrolysis of poly-

glycolic acid. J Bioeng. 1977;1:231–8.

25. Ishaug-Riley SL, Crane GM, Gurlek A, Miller MJ, Yasko AW,

Yaszemski MJ, et al. Ectopic bone formation by marrow stromal

osteoblast transplantation using poly(DL-lactic-co-glycolic acid)

foams implanted into the rat mesentery. J Biomed Mater Res.

1997;36:1–8. doi:10.1002/(SICI)1097-4636(199707)36:1\1::

AID-JBM1[3.0.CO;2-P.

26. Vacanti CA, Kim W, Upon J, Vacanti MP, Mooney D, Schloo B,

et al. Tissue-engineered growth of bone and cartilage. Transplant

Proc. 1993;25:1019–21.

27. Mauney JR, Blumberg J, Pirun M, Volloch V, Vunjak-Novakovic

G, Kaplan DL. Tissue Eng. 2004;10:81. doi:10.1089/107632704

322791727.

28. Kasten P, Luginbuhl R, van Griensven M, Barkhausen T, Krettek

C, Bohner M, et al. Comparison of human bone marrow stromal

cells seeded on calcium-deficient hydroxyapatite, beta-tricalcium

phosphate and demineralized bone matrix. Biomaterials.

2003;24(15):2593–603. doi:10.1016/S0142-9612(03)00062-0.

29. Han B, Tang B, Nimni ME. Quantitative and sensitive in vitro

assay for osteoinductive activity of demineralized bone matrix. J

Orthop Res. 2003;21(4):648–54. doi:10.1016/S0736-0266(03)

00005-6.

30. Ding AG, Schwendeman SP. Determination of water-soluble acid

distribution in poly(lactide-co-glycolide). J Pharm Sci. 2004;

93(2):322–31. doi:10.1002/jps.10524.

31. Li S. Hydrolytic degradation characteristics of aliphatic polyes-

ters derived from lactic and glycolic acids. J Biomed Mater Res.

1999;48:342–53. doi:10.1002/(SICI)1097-4636(1999)48:3\342::

AID-JBM20[3.0.CO;2-7.

32. Li S, Girod HS, Vert M. Crystalline oligomeric stereocomplex as

intermediate compound in racemic poly(DL-lactic acid) degrada-

tion. Polym Int. 1994;33:37–41. doi:10.1002/pi.1994.210330105.

1644 J Mater Sci: Mater Med (2009) 20:1637–1644

123

http://dx.doi.org/10.1034/j.1600-051X.2003.20031.x
http://dx.doi.org/10.1034/j.1600-051X.2003.20031.x
http://dx.doi.org/10.1097/01.ID.0000095466.18042.31
http://dx.doi.org/10.1097/01.ID.0000095466.18042.31
http://dx.doi.org/10.1016/S0140-6736(81)91730-X
http://dx.doi.org/10.1097/00006534-198005000-00001
http://dx.doi.org/10.1097/00003086-196807000-00005
http://dx.doi.org/10.1089/107632700418074
http://dx.doi.org/10.1089/107632700418074
http://dx.doi.org/10.1097/00003086-196707000-00026
http://dx.doi.org/10.1089/107632700418119
http://dx.doi.org/10.1089/107632700418119
http://dx.doi.org/10.1590/S0102-86502003000300003
http://dx.doi.org/10.1590/S0102-86502003000300003
http://dx.doi.org/10.1023/A:1014398514168
http://dx.doi.org/10.1023/A:1014398514168
http://dx.doi.org/10.1021/bc00034a002
http://dx.doi.org/10.1016/j.jconrel.2005.03.026
http://dx.doi.org/10.1002/(SICI)1097-4636(199707)36:1%3c1::AID-JBM1%3e3.0.CO;2-P
http://dx.doi.org/10.1002/(SICI)1097-4636(199707)36:1%3c1::AID-JBM1%3e3.0.CO;2-P
http://dx.doi.org/10.1089/107632704322791727
http://dx.doi.org/10.1089/107632704322791727
http://dx.doi.org/10.1016/S0142-9612(03)00062-0
http://dx.doi.org/10.1016/S0736-0266(03)00005-6
http://dx.doi.org/10.1016/S0736-0266(03)00005-6
http://dx.doi.org/10.1002/jps.10524
http://dx.doi.org/10.1002/(SICI)1097-4636(1999)48:3%3c342::AID-JBM20%3e3.0.CO;2-7
http://dx.doi.org/10.1002/(SICI)1097-4636(1999)48:3%3c342::AID-JBM20%3e3.0.CO;2-7
http://dx.doi.org/10.1002/pi.1994.210330105

	Evaluation of bone matrix and demineralized bone matrix incorporated PLGA matrices for bone repair
	Abstract
	Introduction
	Materials and methods
	Preparation of DBM
	Incorporation of BM/DBM into PLGA films
	Morphology of matrices--scanning electron microcopy (SEM)
	Evidence of having osteogenic and osteoconductive components--fourier transform infrared (FTIR) spectroscopy
	BMSC isolation and culture
	BMSC attachment
	Statistics

	Results
	Evidence of osteogenic and osteoconductive components-FTIR
	BMSC attachment on matrices
	Morphology changes-SEM
	Mass loss

	Discussion
	Conclusions
	Acknowledgement
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [5952.756 8418.897]
>> setpagedevice


