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• Bioceramics such as hydroxyapatite (HA) are extensively used in the scaffold
development for the reconstructive treatment of bone defects.

• However, their low mechanical properties have become problems in real
surgical situation.

• In this study, HA based scaffold incorporating PLCL biodegradable polymer was
developed to enhance the mechanical properties of pure HA scaffold.

• In order to predict the mechanical behaviour of the composite scaffold, two
theoretical models were be developed and analyzed.
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RESULT AND DISCUSSION

• The introduction of PLCL polymer phase into the HA frame structure has  
provided ductility, thus preventing the entire structure from catastrophic 
fracture passing the yield load.

• The scaffold produced two types of well-developed interconnecting pore 
structure, i.e. (i) initial pore created by HA material and (ii) honeycomb-like PLCL 
pore formed during the freeze-drying process. 

• The scaffold was able to provide porosity and average outer pore size more than 
80% and 400µm, respectively, which is ideal for cell adhesion and nutrient 
transport. 

• The morphological structure of HA/PLCL shows two layers of interconnecting 
pores where the addition of polymer has enhanced the mechanical properties 
by providing ductility.

• HA/PLCL material is observed to have elastic-plastic deformation where Model II 
depicts better accuracy compared to Model I with 92.96% and 88.18%, 
respectively.
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The material is assumed to have non-
linear deformation using the Hollomon’s 
equation:

nF =

The loading-point displacement δ of a 
bending beam is given by: 
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where,

Model I Model II

Elastic deformation (0≤ P ≤ Py): 
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Plastic deformation (P ≥ Py): 
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METHODS AND MATERIALS

3. Coating of 

PU sponge

Apply pressure to 

remove excess slurry

48 hours drying

Glass plate

Conditions
‣320 RPM, 80 °C

‣Stir for 24 hours 

4. Heating (24 hours)

Conditions
1. Temperature rise to 400 °C in 

40 min
2. 6 hours isothermal at 400°C

3. Temperature rise to 1100 °C in 

1h 50 min
4. 4 hours isothermal at 1100°C

5. Cool to room temperature in 

furnace

5. PLCL solution

PLCL / Dioxane

3 wt%

1. Cutting of 

PU sponge

1 cm

7 cm

1 cm

2. Slurry adjustment (HA/PVA)

HA/PVA

5:7

Slurry

6. Dipping 7. Vacuuming 8. Freezing 9. Freeze drying

HA scaffold

PLCL solution

1 Hour

Conditions
-80 °C,24 hours

Conditions
-50 °C,

24 hours

10. Bending test

10N

L L

𝛿

P

11. Scanning Electron Microscope 

(SEM) analysis

sample

Electron source

condenser lens

objective lens

anode

scan coils

Secondary 

electron 

detector

The material is assumed to have elastic-
plastic deformation:

• The structural stability of brittle HA and its 
mechanical properties has been improved by 
introducing PLCL polymer 

• It is confirmed that the HA/PLCL scaffold 
exhibits elastic-plastic deformation.

• The strain hardening coefficients invoked in 
both models have become significant to 
address the non-linearity.

• Model II shows higher accuracy when 
compared to Model I and may be useful in 
predicting the stress-strain behavior of a non-
linear deformation of a material. 

CONCLUSION
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