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Abstract—Allografts and autografts are widely used to repair 
damaged hard tissue. Various limitations such as immune 
response, long recovery times, and loss of mechanical and 
biological properties are frequently encountered in the clinic as a 
result of using grafts. The regenerated tissue should be 
biomechanically durable and effective. 3D synthetic scaffolds 
help the cells create their own matrices and integrate into the 
host tissue with the implant degradation over time. β-TCP has 
been the most preferred bioceramic in recent years due to  its 
high osteocompatibility and high mechanical strength. Flexibility 
is also critical in clinical practice to facilitate the surgeon's 
desired shape of the graft material in the surgical area during the 
operation. Shaping the graft material in the surgical field during 
the procedure prolongs the surgical time and increases the 
probability of infection. Ideal synthetic bone grafts should 
increase the adhesion and osteogenesis of bone cells while being 
degraded with body fluids. A certain concentrations of silicate 
additive have been shown in studies that increase bone 
regeneration capacity and increase osteogenesis. Within the scope 
of this study, osteoconductive β-TCP and osteoinductive silicate 
additive tissue scaffolds were prepared by mixing with PLA in 
order to provide flexibility and mimic the extracellular matrix. 
After testing the biocompatibility of the scaffolds produced in 
vitro, mouse fibroblast cell was used to examine the effect on stem 
cell differentiation. For this purpose, cells were cultured into the 
produced scaffolds and the analysis of proliferation and viability 
of cells were done by using MTT assay and live and dead 
analysis. 
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I. INTRODUCTION 

Allografts and autografts are considered the treatment 
standards to treat bone defects and bone diseases[1, 2]. More 
than 2 million bone grafts are used worldwide each year due to 
traffic accidents, wars or tumors [3]. Various limitations are 
frequently encountered in the clinic as a result of the use of 
grafts such as immune response, long healing times, loss of 
mechanical and biological properties [4]. Alternative treatment 
strategies are being investigated in order to overcome these 
problems. Bone tissue engineering, as an alternative to existing 
strategies, relies on the principle of conserving a 3D (3- 
dimentional) material to replace damaged tissue with tissue 
scaffolds supporting cells. The number of biological and 

mechanical factors influences regular cellular events to repair 
and rebuild bone in the tissue engineering process. Synthetic 
scaffolds that act naturally or as passive 3D structural matrices 
support this process by improving cell attachment, 
proliferation, and differentiation. They enhance the bone 
healing response to progression through defects by helping 
cells to create their own matrices and to integrate into the host 
tissue as the implant degrades over time [5] . 

Many bioceramic materials are widely used as bone 
substitutes, including β-tricalcium phosphate (β-TCP), 
hydroxyapatite (HA) and calcium sulphate. β-TCP has become 
the most preferred bioceramic in recent years due to its high 
osteocompatibility. Moreover, β-TCP can respond to 
physiological environments well with significant biological 
activity and affinity [6]. In addition, β-TCP has a porous and 
degradable structure and high biocompatibility [7]. A major 
shortcoming of existing synthetic graft materials such as β-TCP 
is that they are in a sintered solid and hard form. Due to their 
solid and hard form, it is difficult to give the desired shape to 
the graft material in the surgical area during surgery. Shaping 
the graft material in the surgical area during the application 
prolongs the operation time and increases the possibility of 
infection [8, 9]. Therefore, flexibility is critical in clinical 
applications such as spinal fusion for the surgeon to facilitate 
the desired shape of the graft material in the surgical area 
during application. 

Polylactic acid or polylactide (PLA) is a biodegradable, 
bio-adsorbable polymer. PLA Biomaterials based on PLA are 
considered as a gold standard in many orthopedic, regenerative 
medicine applications due to their biodegradability and 
compatibility with biomolecules and cells [10]. 

Silicate is often preferred in bone tissue engineering due to 
its osteoinductive properties. Silicate, a biodegradable 
biomaterial, provides an osteoinductive property to the material 
and enhances bone regeneration [11]. Silicate-based 
bioceramics possess a bioactivity that increases osteoblast 
proliferation [12]. Although silicate has many advantages, it 
has failed to fulfill all the desired properties for bone 
regeneration due to lack of mechanical strength, mechanical 
incompatibility with the surrounding tissue or biological 
degradation problem [13]. Therefore, there are studies in which 
silicate is substituted into ceramic scaffolds. A certain 

 
 
 
 

978-1-7281-8073-1/20/$31.00 ©2020 IEEE 

Proliferation and Viability of L929 Cells in 
Synthetic Flexible Bone Grafts 

 
İlker GÜRGİT, Oğuzhan GÖKMEN, Aybike 

KOCATÜRKMEN 
Biomedical Engineeering 

İzmir Katip Çelebi University 
İzmir, TURKEY 

ilkergurgit@gmail.com, gokmennoguzhann@gmail.com, 
aybikekocaturkmen@gmail.com 

İlayda NAMLI, Günnur ONAK, Ozan 
KARAMAN* 

Biomedical Engineeering 
İzmir Katip Çelebi University 

İzmir, TURKEY 
ilaydanamli96@gmail.com, onakgunnur@gmail.com, 

ozan.karaman@ikc.edu.tr 
*Corresponding author. 

 

Abstract—Allografts and autografts are widely used to repair 
damaged hard tissue. Various limitations such as immune 
response, long recovery times, and loss of mechanical and 
biological properties are frequently encountered in the clinic as a 
result of using grafts. The regenerated tissue should be 
biomechanically durable and effective. 3D synthetic scaffolds 
help the cells create their own matrices and integrate into the 
host tissue with the implant degradation over time. β-TCP has 
been the most preferred bioceramic in recent years due to  its 
high osteocompatibility and high mechanical strength. Flexibility 
is also critical in clinical practice to facilitate the surgeon's 
desired shape of the graft material in the surgical area during the 
operation. Shaping the graft material in the surgical field during 
the procedure prolongs the surgical time and increases the 
probability of infection. Ideal synthetic bone grafts should 
increase the adhesion and osteogenesis of bone cells while being 
degraded with body fluids. A certain concentrations of silicate 
additive have been shown in studies that increase bone 
regeneration capacity and increase osteogenesis. Within the scope 
of this study, osteoconductive β-TCP and osteoinductive silicate 
additive tissue scaffolds were prepared by mixing with PLA in 
order to provide flexibility and mimic the extracellular matrix. 
After testing the biocompatibility of the scaffolds produced in 
vitro, mouse fibroblast cell was used to examine the effect on stem 
cell differentiation. For this purpose, cells were cultured into the 
produced scaffolds and the analysis of proliferation and viability 
of cells were done by using MTT assay and live and dead 
analysis. 

 
Keywords—β-Tricalcium Phosphate; silicate; flexible bone 

graft; osteogenic differentiation; bone tissue engineering 

I. INTRODUCTION 

Allografts and autografts are considered the treatment 
standards to treat bone defects and bone diseases[1, 2]. More 
than 2 million bone grafts are used worldwide each year due to 
traffic accidents, wars or tumors [3]. Various limitations are 
frequently encountered in the clinic as a result of the use of 
grafts such as immune response, long healing times, loss of 
mechanical and biological properties [4]. Alternative treatment 
strategies are being investigated in order to overcome these 
problems. Bone tissue engineering, as an alternative to existing 
strategies, relies on the principle of conserving a 3D (3- 
dimentional) material to replace damaged tissue with tissue 
scaffolds supporting cells. The number of biological and 

mechanical factors influences regular cellular events to repair 
and rebuild bone in the tissue engineering process. Synthetic 
scaffolds that act naturally or as passive 3D structural matrices 
support this process by improving cell attachment, 
proliferation, and differentiation. They enhance the bone 
healing response to progression through defects by helping 
cells to create their own matrices and to integrate into the host 
tissue as the implant degrades over time [5] . 

Many bioceramic materials are widely used as bone 
substitutes, including β-tricalcium phosphate (β-TCP), 
hydroxyapatite (HA) and calcium sulphate. β-TCP has become 
the most preferred bioceramic in recent years due to its high 
osteocompatibility. Moreover, β-TCP can respond to 
physiological environments well with significant biological 
activity and affinity [6]. In addition, β-TCP has a porous and 
degradable structure and high biocompatibility [7]. A major 
shortcoming of existing synthetic graft materials such as β-TCP 
is that they are in a sintered solid and hard form. Due to their 
solid and hard form, it is difficult to give the desired shape to 
the graft material in the surgical area during surgery. Shaping 
the graft material in the surgical area during the application 
prolongs the operation time and increases the possibility of 
infection [8, 9]. Therefore, flexibility is critical in clinical 
applications such as spinal fusion for the surgeon to facilitate 
the desired shape of the graft material in the surgical area 
during application. 

Polylactic acid or polylactide (PLA) is a biodegradable, 
bio-adsorbable polymer. PLA Biomaterials based on PLA are 
considered as a gold standard in many orthopedic, regenerative 
medicine applications due to their biodegradability and 
compatibility with biomolecules and cells [10]. 

Silicate is often preferred in bone tissue engineering due to 
its osteoinductive properties. Silicate, a biodegradable 
biomaterial, provides an osteoinductive property to the material 
and enhances bone regeneration [11]. Silicate-based 
bioceramics possess a bioactivity that increases osteoblast 
proliferation [12]. Although silicate has many advantages, it 
has failed to fulfill all the desired properties for bone 
regeneration due to lack of mechanical strength, mechanical 
incompatibility with the surrounding tissue or biological 
degradation problem [13]. Therefore, there are studies in which 
silicate is substituted into ceramic scaffolds. A certain 

 
 
 
 

978-1-7281-8073-1/20/$31.00 ©2020 IEEE 



365

19-20 Kasım 2020
ONLINE

concentration of silicate additive has been demonstrated in 
studies that increase bone regeneration capacity and increase 
osteogenesis. 

In the study, it is aimed to determine the effect of silicate 
contribution to the ceramic based composite flexible scaffolds 
that increase cell adhesion with its polymeric structure and can 
imitate natural bone with its ceramic structure. Another 
mechanically targeted issue is to add flexibility to the produced 
graft by mixing it with the PLA polymer. In this way, it is 
aimed to give the desired shape to the graft during surgical 
application by the help of flexibility. Within the aim of this 
study, osteoconductive β-TCP and osteoinductive silicate- 
based tissue scaffolds were prepared by mixing with PLA in 
order to provide flexibility and mimic the extracellular matrix. 
Flexible graft, β-TCP based ceramic graft that produced with 
PLA polymer, is the control group; non-silicate-additive 
flexible graft and 0.1% and 0.08 % silicate-additive flexible 
graft are the experimental groups. After testing the 
biocompatibility of the scaffolds produced in vitro, mouse 
fibroblast cells were used to examine the effect on cell 
proliferation. For this purpose, cells were seeded on the 
produced scaffolds and the examination of cell viability and 
proliferation were done by using MTT test and Live and Dead 
assay. As a result of the tests and analyzes performed, it was 
observed that flexible β-TCP grafts had a positive effect on cell 
adhesion, viability and proliferation and provided a efficient 
microenvironment for cells. In conclusion, it is believed that 
the produced flexible β-TCP/silicate based graft might be the 
potential and promising method for the clinical application. 

II. METHOD 

A. Production of Synthetic Flexible Bone Graft 
The flexible bone grafts are produce in Bonegraft Biyolojik 

Malzemeler San. ve Tic. A.Ş. (Fig.1.) First, 100 mg silicate and 
10 g beta-tricalcium phosphate (β-TCP) were mixed to obtain 
100 mL solution during the synthetic flexible bone graft 
production phase. Then two different sizes (100-250 µm and 
250-500 µm ) of sucrose were added to the mixture in an equal 
amount of 70 g in total to give a porosity structure. These 
materials were mixed until they become homogeneous. Then, it 
was prepared in 0.7% wt/v (weight/volume) PLA chloroform 
and added to the mixture. 

 

 
Fig.1. The production of synthetic flexible bone grafts. The process of the 

casting the material into teflon mold and after the casting process material dried 
into fume hood. 

Since the contribution of silicate to osteogenic 
differentiation during the Flex construction phase, non-silicate 
in the control group, 0.08% silicate in the first experiment 
group, 0.1% silicate in the second experiment group. The 
resulting material was mixed thoroughly in the beaker and then 
poured into teflon coated molds. After this step, the chloroform 
in the material was remained in the fume cupboard for 24 hours 
to remove and dry the material. The suspended material was 
kept in distilled water in a shaking water bath after 24 hours in 
order to remove the sucrose in the environment and obtain a 
porous structure. For 4-6 hours, the material was examined 
under a microscope and sucrose was observed. For studies to 
be performed in a sterile environment, grafts were used after 
exposure to UV for 1 hour and were stored for subsequent 
characterizations. 

B. Cell Cultivation and Reproduction 
Throughout the project, L-929 (Mouse fibroblast cell line) 

was cultured in DMEM medium, 10% fetal bovine serum 
(FBS), 100 U/mL penicillin, 100 mg/mL streptomycin and 
added to polystyrene cell culture dishes. Then, it was incubated 
in an environment containing 5% CO2 at 37ºC and the cultures 
reached 90% density and passaged with 0.25% trypsin/EDTA 
solution [14]. 

C. Transplantation of Cells on Synthetic Flexible Bone Graft 
After reaching a certain number of cells, the cells were 

removed from the flasks where they were seeded. Before 
grafting process, bone grafts were cut in accordance with the 
96 well plates, and medium was added to condition the cells 
and waited for 1 hour. The removed cells were seeded on 
grafts as 5x105 cells/cm2 and 10% FBS, 100 units/mL 
penicillin, 100 μg/mL streptomycin added to induce cell 
proliferation. 

D. Cell Proliferation Analysis 
The viability of cells cultured on the Synthetic Flexible 

Bone Graft was tested using MTT [(Vybrant ® MTT Cell 
Proliferation Assay Kit (Invitrogen)]. For this, 3-(4,5- 
dimethylazol-2-yl)-2,5-diphenoltetrazole bromide (MTT) was 
dissolved in 5 mg/mL phosphate buffered saline solution and 
filtered using a 0.22 mm syringe. 90 µL of medium and 10 µL 
of MTT solution was added to each well. The plates was 
incubated at 37°C for 2 hours and then the medium was 
removed from the wells. After adding DMSO (Sigma Aldrich, 
St. Louis, Missouri, USA) to each well, the optical density  
was measured at 570 nm using a microplate reader (Synergy 
™ HTX-BioTek, Winooski, VT, USA) [15]. 

E. Cell Viability Analysis 
Live and dead assay (Biovision, Live/Dead Cell Viability 

Assay Kit) was conducted to observe cell viability of the cells 
within the flexible structure. Briefly, staining solution A and 
solution B were prepared at dark. Cell medium was removed 
and hydrogel was washed with PBS for 3 times. Dye mixture 
was added to each well and incubated for 30 minutes at 37°C. 
After incubation, remaining dye solution was removed, and 
hydrogels were washed with PBS for 3-5 times. Cell images 
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were taken by using fluorescent microscope (Olympus 
CKX41, Tokyo, Japan). 

 
III. RESULTS 

The number of viable cells for each group was determined 
with the help of MTT assays on the 1st, 4th, 7th days after the 
cells were seeded into scaffolds. As shown in Fig.2., control 
group was observed to have fewer cell numbers compared to 
0.1% silicate and 0.08% silicate-subtituted flexible graft 
groups. When the number of cells of each group was compared 
on the 7th day, it seems that the number of cells of the all group 
demonstrated a statistically significant decrease compared to 
the other groups. These results show that non-silicate, 0.08% 
and 0.1% silicate-substituted flexible graft groups do not have 
any cytotoxic effects on cell viability and that silicate 
contribution have a positive effect on cell proliferation. 

 
 

 
Fig.2. Cell numbers of L-929 that were seeded on different silicate level 

flexible bone graft. 
 
 

The cell viability analysis was evaluated with live/dead 
assay at day 7 to determine the viability of cells on silicate- 
additive flexible grafts. After Live and Dead assay, images 
that were obtained with fluorescent microscope were showed 
in Fig.3. Results indicated that silicate-additive grafts supports 
cells viability better compared to control group. As it is seen  
in Fig. 3, 0.1% silicate-additive flexible graft has higher green 
color intensity that means live cells than non-silicate and 
0.08% silicate-additive and control group. As a result, red 
color intensity that means dead cells is greater in control 
group. 

 

 
Fig.3. Combined pictures of cells at the end of Live and Dead assay; image of 

cells encapsulated inside the control group β-TCP-PLA (A), image of cells 
encapsulated inside the group β-TCP-PLA-0.08% Si (B) and image of cells 

encapsulated inside the group β-TCP-PLA-0.1 % Si (C). 

IV. DISCUSSION 
In the study, different silicate level flexible bone grafts 

were produced. Then, the effect of different amount of silicate 
on flexible bone grafts on cell proliferation and viability was 
evaluated. According to results, the number of L-929 cells was 
increased and they did not show any toxic effect on L-929 
cells. The number of cells of each group was compared 0.1% 
of silicate group shows that statistically significant increase 
than the other group. However at the end of the day 7 excess 
cell proliferation within the scaffold caused cell death due the 
limited area. The cells that could not attach to the surface were 
unable to proliferate, which affected the MTT day 7 result as a 
decrease. These results showed that the silicate-added flexible 
grafts allow the cells to proliferate and stimulate the cells to 
proliferate. In addition, cells cultured in a flexible graft 
containing 0.1% silicate showed a positive remarkable result in 
terms of proliferation. 

Live and Dead assay results shows that both silicate groups 
include live and dead cells. However 0.1% of silicate group, 
green color intensity is higher than the other groups. The non- 
silicate group has a higher red color intensity than the other 
group. It means that 0.1% of silicate group has higher cell 
viability and the non-silicate group has the less viability. The 
results were affiliated with MTT assay result and it showed that 
the 0.1% of silicate group has more proliferation and more 
viability to the other groups. These results revealed that 
flexible bone grafts with 0.1% silicate bone grafts provide a 
more suitable environment for the cell, allowing the cells to be 
alive more. Fluorescent images indicated that the cells were 
migrated through the inside of the scaffolds and created 3D 
structure. Due to the 3D structure and excess fluorescent 
intensity, the morphology of individual cells couldn't be 
observed. However, more fluorescence intensity for alive cells 
was obtained in silicate containing groups. 

All these results show that flexible bone grafts with silicate 
mimic natural bone ECM very well by creating a suitable 
adhesion surface for cells. In addition, attached cells to the 
scaffolds proliferated and continued their vitality on flexible 
bone grafts. In particular, it has been reported that cell 
proliferation and viability in flexible bone graft with 0.1% 
silicate are notable compared to other groups. It has been 
observed that flexible bone grafts with silicate, which are easy 
to shape at the time of surgery with their flexible structure, can 
be a promising method for bone tissue engineering. 

V. CONCLUSION 
In summary, the contribution of silicate to cell viability 

and proliferation in synthetic flexible bone grafts was 
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investigated. For this purpose, the effect of silicate amount 
into flexible bone grafts on mouse fibroblast cells that seeded 
on these grafts was investigated for three groups. Afterwards, 
cell viability and proliferation were observed. 

 
The results indicated that, L-929 were capable to attach, 

adhere, kept cell-cell signaling and keep viability within the 
produced structure for each sample group. In cell viability 
tests, it was determined that none of the groups had cytotoxic 
effects. The results showed that synthetic flexible bone grafts 
are suitable biomaterials for bone tissue regeneration. 
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