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1. Introduction

Currently, metallic screws are the most commonly used ligament 
graft fixation devices in anterior cruciate ligament reconstruction 
(ACLR). Metallic screws provide solid fixations and are generally well 
tolerated by the body, although they can cause lacerations of the grafts 
while they are inserted [1].Their potential interferences with future sur-
geries such as ACLR revision [2] and interposition with any future mag-
netic resonance imaging (MRI) studies are some of their limitations [3]. 
Additionally, the carcinogenic potential and the possibility of corrosion 
manner of metallic screws prompted the surgeon to recommend their 
removal during a second surgery. To overcome such problems, polymer-
ic screws especially biodegradable ones may be a superior alternative 
for metallic screws [4]. Biodegradable screws are able to be resorbed 
during the determined time after implantation into the body and degra-
dation products will be disappeared via metabolic routes [5]. However, 
there are some concerns with the use of biodegradable screws includ-
ing breakage during insertion and inflammatory reactions which may 
cause absorption of the adjacent tissues. Moreover, they are not able to 
promote the bone ingrowths and subsequently leave voids in the tissue 

once the screws have been fully degraded [6]. Other limitations of bio-
degradable screws with respect to metallic ones are their relatively low 
values of Young modulus (E) and strength [7]. In this regard applying a 
screw with a thick diameter may be ensured the required stability. Also, 
reinforcing the polymeric matrix of biodegradable screws by adding a 
rigid phase could provide adequate strength and stiffness for bioscrews. 
In our previous studies, it was reported that the mechanical properties 
of poly(d/l)lactide (PDLLA)/polycaprolactone (PCL) blends including 
tensile strength, tensile modulus, flexural strength, and flexural mod-
ulus [8] as well as creep and creep recovery [9] improved by adding 
the sol-gel derived bioactive glass nanoparticles (BGn) into the matrix. 
Applying BGn can also stimulate bone ingrowth and provide a reser-
voir of calcium and phosphate ions, thus may accelerate the new bone 
formations and preventing void formations after screws removal [10]. 
Moreover, adjacent bones could interact with screws and attach to the 
bioactive fillers of bioscrews while the polymeric matrix is simultane-
ously degraded [11].  

With respect to biodegradable ACL screws, the tailoring of degra-
dation manners is significant, so, a harmonic trend between mechanical 
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The in vitro assessments suggested the essential features for the bio screws applications. The effects of bioactive 
glass nanoparticles (BG) during in vitro studies of the poly (D/L) lactide (PDLLA)/polycaprolactone (PCL)/
BG nanocomposites (PPB) were assessed. The PDLLA/PCL (PP) blends were chosen as control groups. Apatite 
formations capabilities, weight and pH variations, alkaline phosphatase activity (ALP), and MTT assay were 
assigned during different immersion times up to 6 months. The XRD and SEM results revealed the superior ap-
atite formation of PPB in simulated body fluids (SBF) compared to PP. The weight loss and pH variation results 
illustrated the highest values related to PP. Moreover, the MG-63 cells cultures determined the better cell viability 
of the PPB compared to the PP blends. Although, there are no statistically significant differences between the two 
groups. In addition, similar trends are shown for the ALP results where these amounts after 2 and 3 weeks incuba-
tion are considerable for PPB in comparison to PP. However, there are also no statistically significant differences 
between the two groups. Overall, the in vitro bioactivity and biodegradability confirmed that the PPB implants can 
be promised as a proper candidate for anterior cruciate ligament reconstruction screws.
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properties and ligament healing process should be existed [12]. The in 
vitro evaluations have been extensively used to study biocompatibili-
ty and degradation behaviors of biodegradable implants [13-15]. These 
studies typically consist of evaluating implant degradation properties 
such as mass loss, pH variations, bone growth capabilities, and biome-
chanical behaviors in simulated body fluid (SBF) or phosphate-buffered 
saline (PBS). 

There are many researchers who investigate the in vitro assessments 
of biodegradable polymeric materials and polymeric-based compos-
ites [19-20]. For example, in-vitro analysis in SBF solution for 1 week 
demonstrated that PLA/hydroxyapatite (HA) and PLA grafts have 
changed the pH, mass loss, morphology, and phase structure. This is due 
to the formation of the HA on the surface of the nanocomposites and the 
hydrolysis process of PLA after immersion in SBF solution [21]. Anoth-
er research [22] reported the fabrication of synthetic bone graft substi-
tutes composed of a polymer and a calcium-phosphate (Ca-P) ceramic. 
The in-vitro results showed that the weight loss for PLA/HA was greater 
than PLA particles upon 12-week immersion and PLA/HA strongly pro-
motes the alkaline phosphatase (ALP) activity for mesenchymal stem 
cell (MSC) at osteogenic medium. 

In the current work, PDLLA/PCL/BGn nanocomposites were de-
veloped using solvent casting manufacturing techniques. PLA as well-
known linear aliphatic polyester with desirable mechanical properties 
and degradation capability in biotic and abiotic conditions allows use 
in ACLR screws. PCL is biodegradable semicrystalline polyester which 
due to its chain flexibility, can give a toughness feature to its blends 
when it blends with PLA matrix. In-vitro studies including mass loss, pH 
variations, and apatite formation capability were assessed. Besides, the 
human osteosarcoma cells (MG-63) were cultured on the nanocompos-
ites and PDLLA/PCL as control, and cell proliferation and ALP activity 

were also evaluated. It is hypothesized that the bioactive glass nanopar-
ticles could enhance the bioactivity and biodegradation behaviors of 
PDLLA/PCL throughout the in-vitro assessments. According to the best 
of our knowledge, there are no or still few reports in the in-vitro studies 
of PDLLA/PCL/BGn triple nanocomposites for any bio-implants appli-
cations.

 

2. Materials and methods

2.1. Materials

The medical grade of PDLLA with CAS No. 26,023–30-3 used in the 
study  purchased from Changchun Sinobiomaterials Co., Ltd (China). 
The ratio of L-LA to D-LA in PDLLA structure was 90:0, and it pos-
sess the inherent viscosity of 0.75–1.25 dl/g, average molecular weight 
of 56,000 g/mol and density of 1.2–1.3 g/ml. The medical-grade poly-
caprolactone (PCL) was purchased from Sigma Aldrich Co. The den-
sity and average molecular weight of it were 1.146 g/ml and 80,000 
Da, respectively. The used BGn with chemical compositions of 64SiO2.
31CaO.5P2O5 was also produced using the sol-gel procedure which is 
reported in our previous work [8].    
2.2. Specimens preparation

The preparation details of PDLLA/PCL as control (PP) and PDL-
LA/PCL/BGn as nanocomposites (PPB) samples have been described 
in previous papers [8, 23]. Briefly, the control samples were produced 
by the introduction of the PCL phase into the PDLLA matrix phase in a 
portion of 20:80 dissolving in chloroform solvent. The nanocomposites 
samples were also prepared by adding 3 wt% BGn into PDLLA/PCL bi-
polymeric solution. After homogenization by stirring, the mixtures were 
cast and dried at 50 °C and 80 °C in an oven and vacuum oven, respec-
tively to remove the solvent. Finally, the dried samples were poured into 
molds, compressed under 30 MPa at 180 °C followed by water-cooling 
to room temperature. Meanwhile, all samples were pressed under heat-
ing for less than 3 minutes.

2.3. In vitro degradation studies

In vitro degradation behaviors of controls and nanocomposites sam-
ples are performed in SBF solution as an acellular solution whose chem-
ical composition is similar to that of blood plasma. The blood plasma 
composition is listed in Table 1 [24]. Samples were immersed into SBF 
at 37 oC at a pH of 7.4, keeping the ratio of the solution to the speci-
men 50:1 (ml:g) and followed for 8 weeks. The immersion solution was 
changed every 3 days up to 28 days. During the immersion time, each 
sample was studied in terms of phase, morphology, weight loss, and pH 
variations. Moreover, degradation behaviors of all samples in PBS were 
in a similar way compared with SBF. The compositions of PBS include 
sodium chloride, disodium hydrogen phosphate, and in some formula-

Fig. 1. Characterizations results of prepared BGn, (a) FESEM and (b) TEM 
micrographs, (c) FTIR spectrum analysis, and (d) BET and BJH measurements 

results.

Fig. 2. SEM micrographs of the cryogenically fractured surface of the (a) neat PP 
and (b) PPB nanocomposites.

Table 1.
The blood plasma cations and anions compositions [24]

Cations Concentration ( × 10-3 M) Anions Concentration ( × 10-3 M)

Na+ 142 Cl- 148.8

K+ 5.0 HCO3- 4.2

Mg2+ 1.5 HPO4
2- 1.0

Ca2+ 2.5
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tions contain potassium chloride and potassium dihydrogen phosphate 
which phosphate groups make pH of solution fix at 7.4.       

2.3.1. Phase and morphological studies

Morphological analysis of the controls and nanocomposites surface, 
as well as phase variations, were carried out by scanning electron mi-
croscopy (SEM, Stereoscan S360 Cambridge) and X-ray diffraction 
(XRD, pw3710 Philips) analysis, respectively. For these reasons, the 
samples after soaking into SBF and PBS solutions at each following 
time period were removed from the solution, rinsed with deionized wa-
ter, and dried at room temperature.

2.3.2. Weight loss variations and pH changes

The weight variations of controls and nanocomposites samples were 
studied at both SBF and PBS solutions. In this respect, all samples 
weights were measured using a balance with a sensitivity of 0.01 mg be-
fore and then after soaking for identified period times in biological solu-
tions. In this procedure, the samples were taken from solutions, dried at 
room temperature for 24 hours, and were again weighted. The percent-
age of weight loss was estimated according to the following equation:

 % 100f i
t

i

W W
W

W
−

= ×  

where,  is the initial dry weight of the sample and  is the dry weight of 
the sample at studying time periods. Values are expressed as the average 
of three replicates. Besides, the pH of solutions at each evaluating time 

period was measured. For in-vitro tests, the samples were chosen in disk 
shape with 3 and 8 mm in diameter and 1 mm in thickness. 

2.4. Cell viability assays

2.4.1. Cell toxicity 

To evaluate the cell adhesion and proliferation on control and nano-
composites cell behaviors, the human osteosarcoma (MG63) cell lines 
were prepared from the National Cell Bank of Iran (NCBI C 116). The 
derived cells were cultured in tissue culture polystyrene flasks (Falcon, 
USA) at 37 °C under 5% CO2 atmosphere in Dulbecco’s Modified Ea-
gle’s Medium (DMEM) with L-glutamine, supplemented with 10% fetal 
bovine serum (FBS) and antibiotic (100 units penicillin G sodium, 100 
mg streptomycin sulfate, and 0.25 mg amphotericin B in saline) until 
the cell population into cultured flask reach to 70-80% density. After 
that, the cell lines were carefully washed with PBS solution followed 
harvested after the treatment with 0.05% trypsin–EDTA into an incu-
bator medium for 3 minutes. The solution contains confluent cells that 
were centrifuged to separate. After removing the PBS solution, the FBS 
was added to cells, and cells were precisely pitajed to be utilized for the 
tests. The samples were disinfected using 70% ethanol and cells with a 
density of 1.2 × 104 cells per cm2 were seeded on them. The specimen/
cell constructs were then placed into 96-wells culture plates and kept 
undisturbed in an incubator at 37 °C in a humidified atmosphere of 95% 
air and 5% CO2 for 24 h to allow the cells to adhere to the substrates. 
Finally, 300 μl culture medium was added into each well and then, the 
plates were put back into the incubator and left for 24, 72, and 168 hours. 
The medium was changed every 3 days. These tests were performed 3 
times for each sample. At the end of each evaluating time period, the me-
dium was taken out and 150 μl of 3-{4,5-dimethylthiazol-2yl}-2,5-di-
phenyl-2H-tetrazolium bromide (MTT) solution with a concentration of 
0.5 μg/ml was added to each well. During each time period of studying, 
the plates were precisely covered by foil preventing light and incubated 
at 37 °C for 4 hours in the incubator. In fact, during these 4 hours, the 
succinate dehydrogenases as mitochondria enzymes give an opportunity 
to reduce into insoluble purple formazan granules. It should be noted 
that these formazan purple crystals have obviously been detected by 
optical microscopy. Subsequently, the medium was discarded and 350 
μl dimethylsulfoxide (DMSO) was added to tetrazolium blue crystals 
converted to formazan purple crystals. Finally, the plate medium was 
transferred into other plates and the optical density of the solution was 
measured using a microplate spectrophotometer (BIO-TEK Elx 808, 
Highland Park, USA) at a wavelength of 570 nm.

2.4.2. Cell attachments

To observe the morphologies of the cells adhered to the surfaces of 
the specimens with dimensions of 5 mm in diameter and 1 mm in thick-
ness, the cells were cultured on the specimens as described above. After 
48 hours, the culture medium was removed, the cell-cultured specimens 
were rinsed with PBS twice and then the cells were fixed with 500 ml/
well of 2.5% glutaraldehyde and 2% paraformaldehyde. After 30 min, 
they were again rinsed and kept in PBS at 4 °C. Specimens were then 
fixed with 1% Osmium tetroxide (Polyscience, Warmington, PA, USA). 
After cell fixation, the specimens were dehydrated in ethanol solutions 
of varying concentrations (50, 60, 70, 80, 90, and 100%) for about 10 
minutes at each concentration. The specimens were then dried in the air, 
coated with gold, and analyzed by SEM.

2.4.3. Alkaline phosphatase (ALP) activity 

The amount of level of alkaline phosphatase enzyme may be related 
to the osteoblast activity of samples. This enzyme could degrade the 

Fig. 3. SEM images of PPB nanocomposites and PP blends during different immersion 
times in SBF solutions.
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inorganic pyrophosphate and provide a sufficient local concentration of 
phosphate and pyrophosphate which is crucial for the calcifying process 
of samples. For this purpose, the cells seeded on the samples under the 
same culturing condition as described above, the level of ALP was deter-
mined on days 3, 7, 14, and 21. ALP activity was determined at 405 nm 
using p-nitrophenyl phosphate in diethanol amide buffer as chromogenic 
substrate.

3. Results and discussions

3.1. Characterizations 

The characterizations results of BGn bioactive phase are represented 
in Figure 1. 

As can be seen in Figure 1a, the field emission SEM micrograph 
illustrates that the large particles of prepared BGn (with a size of about 
1 μm) consist of many fine particles aggregated with each other which 
represented random-sized particles smaller than 50 nm. The TEM im-
age of BGn (Figure 1b) shows a mesostructure composed exclusively of 
wormlike aggregates with acceptable interconnectivity morphology. In 
the BGn FTIR spectrum (Figure 1c), the wide and strong peak apeaered 
at 1063 cm-1 could be related to the stretch vibration of Si-O-Si groups. 
The bands at 809 and 478 cm-1 determin the typical symmetric stretch 
vibration of Si-O and the bending vibration of Si-O, respectively. The 
outspread peak observed at 570 cm-1 is ascribed to the bending vibra-
tion of amorphous P-O. Moreover, the peak that observed at 3450 cm-1 
is indicative of the hydroxyl group at BGn surface. Figure 1d demon-
strates the N2 adsorption-desorption isotherm diagrams of BGn and the 
corresponding pore size distribution curve determined from the BJH 
desorption illustrated in its inset graph. In accordance with the IUPAC 
hysteresis loops classification, the hysteresis loop of prepared BGn is 
categorized as an H3 type. The hysteresis loop curve is given by non-rig-

id aggregates of plate-like particles or possibly the pore network consists 
of mesopores with split-like pores having adsorption high energy. The 
pore size distributions obtained by BJH measurement revealed the mes-
opores in the range of 1.2–6.9 nm peaked around 2 nm. The total pore 
volume of the prepared BGn was 0.17 cm3/g and the specific surface area 
of the prepared BGn was also determined 121 m2/g. SEM analysis of the 
cryogenically fractured surface of PP and PPB specimens is shown in 
Figure 2. It is observed that the PCL phase forms the spherulite-like 
phase with uniform dispersion throughout the PDLLA matrix. In PPB 
the distribution of BGn throughout the PDLLA/PCL matrix is also ap-
propriate which is evidenced by EDS line scan profiles (Not shown) [8].

3.2. In vitro bioactivity studies

3.2.1. Morphological and phase characterization

The SEM images of PPB nanocomposites and PP blends incubated 
in SBF solution following for 0, 1, 2, and 4 weeks are illustrated in 
Figure 3.

The as-received SEM results (before incubation in SBF) obtained 
from PPB and PP specimens illustrated no significant difference in sur-
face morphology where the PPB nanocomposites possess some smalls 
and narrow pores at the surface which could be resulted from air entrap-
ping during the sample preparation. After 1 and 2 weeks of soaking, the 
amounts of porosities in PP specimens were increased which may be 
related to the biodegradation feature of PDLLA and PCL presented in 
PP blends. Moreover, the morphology of the surface in PP blends was 
roughed. The snowflake-like microstructure at the PP blend surface can 
be observed after 28 days of immersion. This could be due to the precip-
itation process of apatite layers at PP surfaces, however, the flake-like 
texture is not grown and is widely spread throughout the surface. In the 
case of nanocomposites, after one-week immersion in SBF, some pores 
owing to the degradation feature of PPB nanocomposites are shown. 
Besides, the formation of apatite precipitates after a one-week follow-up 
reveals that PPB nanocomposites are able to form more volume apatite 
at its surface in comparison with PP blends (white precipitates). The 
changes in nanocomposites surface morphology after 2 weeks of immer-
sion are strongly obvious where spherical precipitates morphology on 
the surface are indicated. So that, 4 weeks follow-ups of SBF incubation 
revealed that the formed apatite crystals are widely grown and covered 
whole surfaces of PPB nanocomposites. That is clear because when 
a bioactive material is exposed to a physiologic solution, the calcium 
phosphate precipitates initiate to form on its surface. On the other hand, 
the addition of solid containing calcium phosphate compositions leads 
to supersaturate solution composition which is soluble into SBF, hence, 
local supersaturating changes toward apatite formation. Taking the case 
of amorphous bioactive glass, its alkaline cations make an increase in 
the pH of SBF. This increase in pH may lead to a notable decrease in 
HA solubility and consequently form abundant apatite nuclei. Besides 

Fig. 4. XRD patterns of, (a) PPB 
nanocomposites and (b) PP blends im-
mersed into SBF solutions for different 

time intervals of 1, 2, and 4 weeks.

Fig. 5. Exhibitions of weight loss variations for PP and PPB specimens in SBF 
and PBS solutions during different immersion times up to 6 months.
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a pH change, the local solution composition can be modified by using 
a soluble material into SBF that can release large quantities of calcium 
and phosphate ions. This feature could be explained that how an implant 
containing Ca-P compositions could be directly bonded to living bone.

In Figures 4, the XRD patterns of PPB and PP specimens after im-
mersion into SBF solution for different time intervals are shown. The 
peaks at 21 and 24 degrees may be related to the PDLLA matrix which 
is observed in whole patterns. The XRD patterns of PPB nanocompos-
ites throughout the 1, 2 and 4 weeks follow up, display the some extra 
peaks which became more apparently by increasing in immersion times 
(Figure 4a). These peaks may be attributed to semi crystalline apatite 
calcium phosphate precipitates (JCPDS No: 24-0033). These low in-
tensity and broadness of the bands can be understood since the XRD 
signal comes from a thin deposited layer. In contrast, in PP blends XRD 
patterns (Figure 4b), there are no peaks which confirm the presence of 
calcium phosphate precipitates on blends surfaces even after 4 weeks 
incubation in SBF.

3.2.2. Weight loss and pH assessments

Figure 5 displays the weight variations of PP and PPB specimens in 
SBF and PBS biological solutions during immersion times (4320 hours 
is equal to 180 days). The maximum weight loss changes in PBS solu-
tion are related to PP blends during whole evaluating times. In PBS, 
no weight gain of PP and PPB are identified and weight loss follows a 
constant trend up to 1440 hours. From 1440 to 2880 hours, the weight 
loss of whole specimens is increased and further increment in the fol-
lowing time up to 4320 hours presents a sharply rising trend for all of 
them. Overall, the PP and PPB specimens reveal 64% and 55 % weight 
loss at the end of immersion times in PBS solution, respectively. The 
weight loss evaluations of all specimens immersed into SBF show to-
tally different behaviors. In the SBF, the weight loss percentages have 
firstly the falling trend. It means that by increasing the immersion time, 
weight gain occurs. These trends for PP blends and PPB nanocomposites 
continue up to 336 and 666 hours, respectively. After these sessions, the 
weight loss for both specimens shows increasing trends with a lower rate 
of up to 2880 hours and a higher rate of up to 4320 hours. In accordance 
with obtained results, the total weight loss of PP blends into SBF is high-
er in comparison with PPB nanocomposites. So, these values are about 
45% and 36% for PP and PPB specimens at the end of the following time 
into SBF, respectively. Increasing in the weight loss rate after 1440 and 
2880 hours may be ascribed to make porosities into the specimen’s body. 
These findings occurred due to the degradation of the PDLLA phase into 
the structure of PP and PPB. These degradations may be caused to in-
crease the exposing surface area of specimens with biological solutions 
and is therefore accelerated the weight loss rate. 

This claim is evidenced by SEM images of specimens incubated in 
PBS (Figure 6). As is also found in Figure 5, the total weight loss of 
whole specimens in SBF in-vitro evaluations is lower than PBS one. 
This is due to the that the SBF is a calcium and phosphorus ions rich 
solution which causes to form calcium phosphate precipitates more 
probable on specimens surfaces immersed into SBF. This capability 

for PPB nanocomposites is more likely. Since the PPB nanocompos-
ites have calcium and phosphorus ions in their compositions, these ions 
could thermodynamically stimulate the calcium and phosphorus ions to 
precipitate formations. In addition, the calcium and phosphorus compo-
nents in nanocomposites may provide proffered sites for apatite nucle-
ation. These claims are evidenced by XRD patterns and SEM images of 
nanocomposites where the presences of apatite phases are obvious. This 
is while in PP XRD patterns are not realized any crystalline phases and 
also SEM images show the spares precipitates on specimen surfaces. 
However, the SEM images of PP obtained after 4 weeks show some nar-
row precipitates on its surface. It could be found that the initial weight 
gain for both PP and PPB specimens may be related to Ca-P precipitates 
on their surfaces. Polymeric phase degradations and calcium phosphate 
precipitate dissolutions cause lost weight of specimens while the pre-
cipitation phenomena cause gain weight of specimens. For PP and PPB 
specimens, weight loss commenced after 336 and 1440 hours, respec-
tively. On the other hand, after these times, the degradation of polymeric 
and inorganic phases could be dominant rather than the Ca-P precipitates 
formation process. However, the weight loss for PPB nanocomposites 
is lower than PP blends. This may be due to inhibiting effect of Ca-P 
precipitates from the degradation process which is in high volumes on 
the surface of PPB nanocomposites. In addition, Ca-P precipitates could 
buffer the localized acidic pH resulting from acidic by-products of poly-
mers degradation. The acidic circumstance could stimulate polymers’ 
degradation. During in-vitro follow-up, the weight loss percentages of 
nanocomposites are about 9% lower than blends. The high amounts ca-
pabilities of Ca-P precipitates formation on nanocomposites surface into 
in-vitro solutions indicate the higher its bioactivity rather than blends 
specimens. 

Figure 6, presents the SEM images of nanocomposites and blends 
after 17 weeks follow up in PBS media. As can be seen, the large voids 
(5 to 20 μm) could be related to the degradation process. In composites, 
one, the spheres-like phases are also observed. It seems that the precipi-
tating and degradation processes simultaneously occur in PBS. 

The pH variations of nanocomposites and blends specimens as a 
function of immersion times into SBF are presented in Figure 7. At first, 
the variation trends of both specimens show that the neutral pH of the 
solution moves initially toward acidic ranges as a function of immersion 
time where these decreases in pH of PP are more than of those nanocom-
posites. This may be owing to the release of acidic products resulting 
from PDLLA degradation as a major phase of both systems. While these 
materials were immersed into the SBF solution, hydrolysis of the PDL-
LA leads to generate lactic acid and the release of H+ ions. The falling 
trend of pH variations for PP is initially sharp and after that have a rising 
trend due to Ca-P precipitates formations, however at the end of evaluat-
ing time is placed in acidic ranges. Whereas, the PPB specimens due to 
the introduction of BGn as an alkaline phase into its composition as well 
as Ca-P precipitates have a strong rising trend after the initial decrease. 
Moreover, the presence of BGn in the component of the nanocomposites 

Fig. 6. SEM images of PPB and PP after immersion in PBS for 17- weeks follow up.

Fig. 7. PH variations of composites and control specimens as a function of immersion 
times into SBF.
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may be acted as crystal nuclei which could promote the process of apa-
tite crystals forming on the surface of the material. The formation of new 
apatite crystal also avoids accessing SBF solution to nanocomposites in-
terface, leading to slow hydrolysis of PDLLA phase in nanocomposites. 
This is caused to reach pH 7.7 at the end of the following time. 

3.2.3. Evaluation of Adhesion and Morphology of human osteoblast 
cell line (MG-63)

Remodeling of bone is assumed that the progenitor cells whether 
transferred or formed at damaged bone sites able to remodel or recon-
struct the damaged or lost bone tissues [25]. The cell supplier for bone 
tissue engineering according to differentiation capabilities were catego-
rized into: stem cells, bone marrows, and osteoblast cells. Regarding the 
formation of extracellular matrix (ECM), the osteoblast cells are more 
effective [26]. Figure 8 compares the morphology of osteoblast cells 
attached to PP (figure 8(a, b)) and PPB (figure 8(c, d)) with different 
magnifications after 1 day of culture. As can be found, the cytoplasmic 
membrane of MG-63 cells is attached and spread in spindle-like mor-
phology on the surface of both PP and PPB after 1 day of incubation. 
Also, cytoplasmic membrane creates filopodial structures with polyhe-
dral morphology. It is also seen that migrating cells form ECM which 
may be displayed the good cell migration and osteoconduction charac-
teristics of implants. Level of cell attachments and proliferation in order 
to evaluate the biocompatibility included: cell adhesion or attachment, 
filopodia extension, cross-linking, and spreading levels. The obtained 
results reveal that our implants in terms of biocompatibility are laid on 
the forth level.

Generally, the principle of MTT assay is based on the conversion 
of MTT into formazan crystals which reflects the mitochondrial activ-
ity. For most cells, the mitochondrial activity is constant and thus, the 
increase or decrease in viable cells population possesses a linear trend 
with mitochondrial activity. Since the total mitochondrial activity of the 
cell population depends on the number of viable cells, this assay can 
be applied to in-vitro solutions that contain cell lines or initial patient 
cells in order to evaluate the biomaterials cytotoxicity effects [27]. In 
this regard, the conversion of the tetrazolium salts MTT into formazan 
crystals by cell mitochondrial activities can be assumed as a measuring 
criterion. Thus, any increase or decrease of viable cells number can be 
calculated using measuring of formazan concentration by optical density 
(OD). The MTT assay results illustrate that both PP and PPB specimens 
follow the increasing trends of cell formazan population as a function of 
culturing times (Figure 9a). However, the number of viable cells on PP 
during 1-day and 3-day of culturing times is higher in comparison with 

PPB, and increasing in culturing times up to 14 days led to the most 
viability of cells is belonged to PPB, there are no statistically significant 
differences between the obtained results (P>0.05). The MTT assay re-
sults demonstrate the desirable cell proliferation in the vicinity of whole 
specimens.

Figure 9b shows the ALP activity of PP and PPB specimens. The 
ALP is considered to be an initial marker of osteoblast differentiation 
and suggests bone formation activity. As demonstrated in Figure 9b, af-
ter 3 days, the cell activity on PP is more than that on PPB, although 
there is no statistically significant difference. By increasing in culturing 
times up to 21 days, the secretion of ALP enzymes on PPB implants is 
remarkably increased in comparison with PP. On the other hand, after 1, 
2, and 3 weeks, the osteoblast cell grows and the mineralization capabil-
ity of PPB has been increased in comparison with PP. Generally, in order 
to obtain results of MTT assay and ALP studies, it can be concluded that 
the introduction of BG nanoparticles in PPB implants is able to stimu-
late the proliferation and activity of osteoblast cells as well as play an 
effective role in bone formation especially after high incubation times 
in culture medium. 

4. Conclusions

From the results of this study, the following conclusions can be 
pointed out:

•	 The studies of morphology and phase variations throughout the 
SBF and PBS solutions confirm the high capabilities of PPB 
implants rather than PP ones on Ca-P precipitates formation 
due to the presence of bioglass.

•	 The degradation rate, weight loss changes, and pH variations 
of PP implants during different times of in-vitro evaluations are 
more considerable rather than PPB ones. 

•	 The MTT assay reveals no toxicity for both implants, and cell 
proliferation as well as cell attachment results determine that 
the cells can easily proliferate and attach with filopodial ex-
tension morphology on PPB surfaces compared to PP blends. 

•	 The ALP results obtained from 3 weeks of follow-ups ap-
prove the more activity of osteoblast cells on bone formation 
throughout the PPB implants in comparison with PP ones.

Fig. 8. Morphology of MG-63 cell line adhesion on (a and b) PP as a control group and 
(c and d) PPB as composite groups at different magnifications after 1 day of culture.

Fig. 9.  (a) MTT assay of PPB nanocompos-ites and PP blends as control 
as function of different culture times. (b) ALP activity of PPB and PP 

after 3 day, 1 week, 2 week and 3 weeks of culturing times (*P>0.05 and 
**P<0.05).
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