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The Effect of Porogens on the Properties of Ceramic for Bone 
Tissue Engineering
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ABSTRACT
Aim of the study: The aim of this study was to test the influence of, Lentil, sago and naphthalene as a porogens on pore distri-

bution, size and topography as well to test cell growth in the biphasic calcium phosphate (BCP) to improve it as a scaffold for 
bone tissue engineering. 

Materials and Methods: A randomized control trial was conducted between January and May 2019 in Alfarabi University 
College and characterization was performed in university of Technology Baghdad. BCP was synthesized and macroporosity was 
created using lentil, sago and naphthalene, characterized using X ray diffraction (XRD) and Scanning electron microsco-
py(SEM). In vitro cytotoxicity was performed. Kruskal-Wallis was used for data analysis, a P value < 0.05 was considered to be 
significant.

Results: XRD results showed two phases Hydroxyapatite and β tricalcium phosphate and no changes occurred after the 
addition of the porogens. SEM showed well distributed macropores range 200-400 mm as the initial size of the porogens. 
Naphthalene was the best porogen with open and interconnected pores. All the samples of BCP with different porogens were bio-
compatible with variable degree. Statistically there was significant difference between the three samples and control P=0.015.

Conclusion: Lentil can be used as alternative to naphthalene also sago to a lesser degree.
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INTRODUCTION

Tissue engineering is the application of life sciences and engineer-
ing together to develop a biosubstitutes that replace, maintain or 
improve lost or damaged tissues (Meyer et al., 2009; Gregor et al., 
2017). It requires porous scaffolds seeded with cells and growth factors 
which are known as the tissue-engineering triad (Dlaska et al., 2015; Yu 
et al., 2018). Synthetic biomaterials for bone substitution should mimics 
bone morphology, structure, and function, the key requirement in bone 
regeneration is a scaffold for cells to migrate, proliferate and differenti-
ate with new bone synthesis (Elham and Sarit, 2017). Pore size distribu-
tion, porosity, interconnectivity and surface area are critical, parameters 
of scaffold, however; they are not always presented in the studies. 
Researchers try to develop a scaffolds made of bioactive materials that 
mimic the natural environment, improve cell adhesion, proliferation, 
and differentiation (Dhandayuthapani et al., 2011; Stratton et al., 2016). 
Scaffold properties should be designed for a specific application, 
depending on the type of tissues that need repair, hard tissues as bones, 
or soft as neural tissues. Another scaffold property required for healing 
are, size, shape, porosity, biocompatibility, surface morphology, degra-
dation rate, and mechanical stability (Foong and Sultana, 2017; Roseti 
et al., 2017). Porosity is considered the most important character in 
manufacturing bone scaffolds, which are related to the structure and 
function of the scaffold (Chang et al., 2000; Pei et al., 2017). 
Appropriate pore size is required to improve cell migration, water 
absorption and passage of oxygen (Abdelaal and Darwish,2013; Yang et 
al., 2017). Microporosity (pore size less than 10 μm) plays important 
role in enhancing the osteoinduction of scaffolds (Li et al., 2011; 
Bohner et al., 2017), macropororosity (pore size more than 100 μm) is 
required for osteogenesis and angiogenesis (Murphy et al., 2010), it 
should be interconnected, necessary for tissue fluid transfer and cell 

migration to all parts of the scaffold (Reinwald et al . , 2014). 
Biomaterials must be biocompatible in the body and does not induce 
immune response (Hulbert et al., 1983), without inflammation or for-
eign body reaction in the living tissue. Several materials are used for 
clinical applications such as polymers, metals, and ceramics (Hulbert et 
al., 1987). Calcium phosphate-based ceramics such as biphasic calcium 
phosphate(BCP), which are present in a natural human bone, have been 
used as a suitable biomaterial (Kanazawa et al., 1975). It is biocompati-
ble osteoconductive and osteoinductive, they aid in mesenchymal stem 
cells differentiation in to osteogenic (Muller et al., 2008; Shih et al., 
2014). Their bioactivity plays important roles in cell adhesion and tissue 
formation by affecting the adsorption of extracellular matrix proteins on 
the surface, so degradation and ion release in calcium phosphates are 
important (Tsapikouni et al., 2008). In this study, pores were created in 
biphasic calcium phosphate ceramic (BCP) using 3 different porogens, 
characterized using X ray diffraction (XRD) and scanning electron 
microscopy (SEM), then In vitro cytotoxicity was performed to test cell 
viability. We hypothesized that lentel and sago are better porogens and 
safer than naphthalene, therefore; the aim of this study was to test the 
influence of these porogens on pore size, distribution and cell growth in 
the BCP for better scaffold in bone tissue engineering.

MATERIALS  AND  METHODS

Study design: A randomized control trial was conducted between 
January and July 2019 in Alfarabi University College Department of 
Chemistry and characterization was performed in Technology 
Department of Applied Sciences.
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Synthesis and characterization of biphasic calcium phos-
phate

BCP was synthesized and characterized following a previously 
described protocol (A. Amera et al., 2011). Phase composition of the 
calcined powders was studied by XRD (XRD; X-ray diffractometer, PW 
1729 Philips Geiger Counter). Compounds were identified by compar-
ing with the international center for Diffraction Data (ICDD) cards in 
the conventional way.

Preparation of macroporosity
Compaction method was used to create macroporosity. Crushed cal-

cium phosphate blocks were sieved to a size of 200- 400 μm, mixed 
with 3 porogens, naphthalene (M. K.Industries, India), Lentel (Iraqi 
Market) and Sago (Nee Seng Ngeng & Sons Sago Industries, Sarawak, 
Malaysia),. The porogen particle size was identical to that of ceramic 
with 3:1 wt% ratio porogen to ceramic. Alumina balls was used with the 
mixture, mixed for 2 hours then pressed at 146 MPa in a 32 mm die to 
form 6 mm thickness pellets, fired at 500℃ for 2 hours with 0.5℃/min-
ute heating rate to remove the porogen. The pellets were further sintered 
at 850℃ for 2 hours with 5℃/minute before cooling down to room tem-
perature. 

Characterization of porosity
Microporosity was seen before adding the porogen under 10.00 KX 

magnification while macroporosity assessed after adding the porogen 
using SEM micrograph with 25X magnification. Total porosity percent-
age was measured following Archimedes principle. The sample was tied 
by nylon string and weighed in the air (Wa) by electronic balance 
(Precisa XT 220A) which has accuracy up to four decimal places. The 
sample was placed in a beaker containing water in a vacuum glass con-
tainer. The container was vacuumed to release the air from porosities of 
the sample for 1 hour, the sample was weighed in such a way while it 
sunk in the water (Wb). The excessive water on the surface of the sam-
ple was wiped by filter paper and weighed in air (Wc). The percentage 
of porosity value was calculated based on the equation, Porosity % (Pa) 

=
  (Wc-Wa)  x 100 %,    (Wc-Wb)

In vitro  cytotoxicity of Calcium phosphate
Extract dilution method was used to test the biocompatibility of the 

samples.

Preparation of extracts
Seven days at 37℃ extraction was chosen (Dagang, 2010). A total 

of 1gm of each sample was autoclaved, added to a universal glass flasks 
loaded with 10 ml MEM alpha-FBS culture medium containing 10% 
(vol/vol) of bovine foetal serum (pH = 7.2). A total of three flasks were 
simultaneously incubated in a humid atmosphere of 5% CO2 at 37℃ for 
7 days. After incubation the supernatant was filtered through a mem-
brane and serial dilutions of 100, 50, 25 and 12.5 (vol/vol) pure extracts 
were prepared respectively. 

Preparation of cell 
Stem cells from human exfoliated deciduous teeth (SHED) was 

used in this study, 1 x 104 cells/ml, inoculated in a 96-well plate with 
200 μl of suspension per well and incubated 24 hrs for cell adhesion. 

Cytotoxicity test (Extract dilution method)
Different dilutions of granules sample extract were added to a 

SHED cell cultured in a 96-well plate. Samples with sago and lentil was 
compared with naphthalene as a porogens in the cytotoxicity test with a 
control which was free cell culture. Three replicates of each sample 
under the same conditions were tested to obtain a mean value.

MTT assay MTT solution preparation
Solution was prepared as 5 mg/ml, 12.5 mg MTT (3-[4,5-dimeth-

ylthiazol-2-yl] - 2,5-diphenyltetrazolium bromide), (Calbiochem, 
Germany) in 2.5 ml PBS mixed well andfiltered through a 0.22-μm 
syringe filter (Scieicher and Schuell, Germany). 

Cell viability/proliferation
After incubation for 72 hours, 20 ul methyl thiazol tetrazolium 

(MTT) solution was added to each well plate and reincubated for 4 
hours. The supernatant was discard by gently inverting and tapping the 
plates, 150 μl dimethyl sulfoxide (DMSO) (Sigma, France) was added 
to all well plates and the plates were shacked for 10 minutes to dissolve 
formazan salts which was indicated by changing to purple color. A 

Table 1. Optical density (wave length 492 nm) and relative 
growth rate of the cells

MOD1 MOD2 MOD3 MODC RGR1 RGR2 RGR3

1.722 2.170 2.501 0.160 107 135 156

MOD1, MOD2, MOD3 and MODC = Mean Optical absorbance of Sago, Lentil, 

Naphthalene and control respectively. RGR1, RGR2 and RGR3 = Relative growthrate 

for, Sago, Lentil and Naphthalene respectively

Table 2. Statistic results comparing OD between the three groups
 Test Statisticsa,b
 VAR00001

Kruskal-Wallis H 10.421

df 3

Asymp. Sig. .015

a. Kruskal Wallis Test

b. Grouping Variable: OD

Table 3. Multiple comparisons Post Hoc test between the 3 poro-
gens

Groups Control Naphthalene Lentil Sago

Sago P < 0.001   P < 0.001   P = 0.001

Lentil P < 0.001 P = 0.007  P = 0.001

Naphthalene P < 0.001

Figure 1. XRD result of the synthesized BCP

A B C

Figure 2. SEM 25X, showing macroporosity of BCP after adding 
porogens, A, sago, B naphthalene and C, Le
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DG3022 Enzyme Linked Immunosorbent Machine with a wave length 
of 492 nm was used to determine the optical absorption data (OD) of 
each well which was used to calculate the relative growth rate (RGR) of 
SHED cells using the following equation. 

RGR(%) = E/C x100% ( Dagang et al., 2010).

Where E, is the absorbance of each group, C is the average absor-
bance of the control. The highest absorbance indicated a high viability.

Data collection and Statistical analysis
All data was analyzed using SPSS version 25 by nonparametric 

tests Kruskal-Wallis test followed by Post Hoc Multiple comparisons to 
determine significance of difference between the groups, a P value of < 
0.05 was considered to be significant. 

RESULTS

3.1 X Ray Diffraction result of synthesized Biphasic calcium 
phosphate

The results showed two phases Hydroxyapatite and β tricalcium 
phosphate (Figure 1). 

3.2 Micro and Macrostructures of BCP after adding the poro-
gen 

Micropores were still present and macropores creation with differ-
ent poeogens does not affect them, however their size was decreased 
with larger grain size specially with lentil group. Regarding macropo-
rosity, BCP with naphthalene showed random pore size distribution 
ranging between 200 and 400 μm., generally open and, the pores are 
well interconnected through fenestrations with (much) smaller sizes 
than pores. Irregular, Oval to round in shape resembling original poro-
gen with total porosity of 78% as measured by Archimedes method. 
Lentil group showed more irregularly shaped pores that were generated 
with lesser interconnection than Naphthalene group, while sago group 
showed mostly rounded isolated pores with very few interconnection 
(Figure 2). 

5.3 In vitro  biocompatibility results
The highest absorbance was seen in naphthalene, followed by Lentil 

and the lowest in sago this variable represent viability of the cells (Table 
1). 

Statistically Kruskal-Wallis test significant difference between the 
groups, P = 0.015 (Table 2).

Multiple comparisons Post Hoc showed significant differences 
between the groups (Table 3).

Relative growth rate was the highest was in naphthalene group fol-
lowed by Lentil and lastly sago which was statistically significant P = 
0.018.

DISCUSSION

The results of this study showed different characteristic features, 
high total porosity was produced in all samples (78%) which is within 
cancellous bone porosity range 30-90% (Elham and Sarit, 2017). The 
final porosity depends on chemical composition, particle size and quan-
tity of the porogen used (Bouler et al., 1996). Several parameters such 
as chemical composition and granulometry of raw material; compres-
sive stress and time under pressure; and calcination temperature may 
affect material integrity (Gauthier et al., 1998; Sous et al., 1998). High 
porosity facilitate the resorption process, external and internal surface 
areas of the pores’ are exposed to the medium which increases Ca and P 
ion release into the intercellular medium or several microns beyond the 
graft (Doernberg et al., 2006). After addition of porogen there were still 
micropores in the material, this is attributed to low sintering temperature 
as calcination at 850 C was used. This is in agreement with Elham and 
Saart, they stated that incomplete sintering of powders may lead to 
micropore formation (Elham and Sarit, 2017). Microporosity is required 
to increase surface area, Rezwan et al reported that larger surface area 
induce protein adsorption which enhance cell adhesion over all the scaf-
fold provides more bone formation (Rezwan et al., 2006), bone growth 

into micropores at the periphery and deeper into strut and rodes of the 
scaffolds (Porter et al., 2006; Simon et al., 2007; Grandfield et al., 
2012). Naphthalene was the best porogen used as the pores have an 
open and evenly distributed with interconnected pores, this is may be 
due to suitable pyrolysis temperature of 500C was used which lead to 
complete removal of the porogen from BCP leaving pores in their place. 
The sample with lentil as a porogen showed lesser interconnections than 
that of naphthalene group, while the sample using sago showed mostly 
closed porosity with few inter connection. This may be due to chemical 
composition of the porogen (Gauthier et al., 1998; Sous et al., 1998), or 
may be due to low pyrolysis temperature was used, more studies are 
needed to use higher temperature. Several researchers reported different 
pore size necessary for continued bone ingrowth, Hulbert et al., reported 
that biomaterial for bone substitute must possess minimum pore size of 
100 μm (Hulbert et al., 1970), Frayssinet et al found that it must be at 
least 100-150 μm diameters (Frayssinet et al.,1993). Murphy et al., 
reported that an early high cell number was seen for the scaffolds with a 
mean pore size of 120 um up to 48 h post-seeding (Murphy et al., 
2010). This finding shows the importance of small pore size in scaffold 
for initial attachment of the cells and bigger one for cell penetratio and 
proliferation therefore; gradient scaffolds were developed recently 
which have shown higher cell seeding efficiency compared to mono-
modal scaffolds (Sobral et al., 2011). Salerno et al found that at 14 day 
of seeding, higher proliferation and differentiation of MSCs on a mono-
modal scaffolds were observed, this may be due to more nutrition reach 
for cell proliferation (Salerno et al 2010), also Baksh and Davies, rec-
ommend larger pores for cells incorporation with synthetic material 
(Baksh and Davies, 2000). Choi et al., reported that scaffolds with uni-
form sizes showed higher diffusion rate, a uniform distribution of cells, 
and a higher degree of differentiation (Choi et al., 2010). Initial angio-
genesis that lead to osteogenesis is needed in vivo for bone replacement, 
therefore scientist search for optimum pore size. It has been found that 
functional capillary density is higher in pore sizes between 210-280 μm 
and lesser in 140 μm while β-TCP showed that the amount of fibrous 
tissue ingrowth increases with the decrease pore size, the study pro-
posed that a pore diameter of smaller than 400 μm limits the growth of 
blood vessels and results in a smaller blood vessel diameter (Klenke et 
al., 2008; Feng et al., 2011). The interconnectivity depends mostly on 
the proportion of porogen in the mixture, it reflect the probability of 
meeting of porogen with each other and coalesce to form a chan-
nel-shaped pores. (SHIHONG LI et al., 2003). Interconnectivity is 
needed to permit nutrients and wastes transportation for bone growth, it 
depends on pore shape, orientation, and size (Ho et al., 2006; Bohner et 
al., 2017). In Hydroxyapatite (HA) and β-tricalcium phosphate, a 20 μm 
interconnection size only allows cell penetration and chondroid tissue 
formation in vivo and over 50 μm the size of the interconnections is 
needed for new bone ingrowth inside the pores (Lu et al., 1999). 

Biocompatibility
High proliferation of cells was seen in all samples, suggesting that 

these materials are well accepted without compromising in vitro biologi-
cal performance. Several researchers reported that calcium phosphate 
ceramic biomaterials is safe and effective for clinical application and 
hydroxyapatite (HA) and tricalcium phosphate (TCP), both are the com-
ponent of BCP have received attention because they contain minerals 
composition close to that of normal bone and biocompatible (Valiathan 
et al., 1994; `Krithika Datta et al., 2008). Calcium phosphate biomateri-
als are free of local or systemic toxicity without inflammatory or foreign 
body responses and well integrated with natural bone without fibrous tis-
sue formation (De Groot, 1980). However adding toxic material such as 
naphthalene may compromise cell growth, an alternative porogen is 
needed. This study showed that all the porogens including naphthalene 
have increased cell viabili ty and growth at various levelsis. 
Naphthaalene was the best with highest cell growth which attributed to 
well distributed open and sutable size interconnected pores. The slightly 
lower proliferation of cell in sago samples could be due to the different 
size and topography of the pores created which attributed to the chemical 
composition of the porogens used (Bouler et al., 1996). Burg et al dis-
cuss the effect of pore shape and topography on the attachment and sur-
vival of cells on a surface (Burg et al., 2000). Nano/ micro pores in a 
scaffold with interconnection cause a rough topography that encourages 
more focal adhesion sites for cells to attach, proliferate and differentiate 
resulting in osteoconductivity and osteoinductivity of scaffolds (Lord et 
al., 2010; Cox et al., 2015). In conclusion all the porogens used in this 
study enhanced cell growth and naphthalene still was the best one for 
better pore creation and highest biocompatibility. However; lentil can be 
used as an alternative to naphthalene also sago can be used to a lesser 



Alkaisi A. 429

degree. I recommend more studies in this regard using different pyrolysis 
temperature aiming to have ideal scaffold for bone tissue engineering.

CONCLUSION

In conclusion Naphthalene detected to be the best porogen regard-
ing pore properties and biocompatibility followed by lentil and lastly 
sago, more study is needed to confirm this finding.
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