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ABSTRACT 

Tissue engineering (TE) scaffold is an artificial structure that is implanted in our body on which tissue grows to 

solve the problem of a missing or damaged organ. A wide range of biomaterials can be used to produce the TE scaffolds. 

This study reports the comparison of chitosan coated and uncoated three-dimensional composite scaffolds composed of 

Hydroxyapatite (HA) and polycaprolactone (PCL)) via thermally induced phase separation (TIPS) and freeze-drying 

method. Three types of the scaffolds, namely, PCL and PCL/HA were coated with hydrophilic chitosan polymer. 

Characteristics such as wettability, morphological structure and water uptake in coated and non-coated scaffolds were 

studied and compared using a contact angle, a Scanning Electron Microscopy (SEM), an Energy Dispersive X-Ray (EDX). 

The composite scaffolds were porous and had interconnected pore structures. The ranges of pores were different from 

several microns to a few hundred microns. The coated layer improved the wettability of composite scaffolds. These results 

shows that the chitosan coated composite scaffolds were more favourable for TE application than their uncoated 

counterparts. 

 

Keywords: thermally induced phase separation (TIPS) technique, polycaprolactone, hydroxyapatite, tissue engineering, SEM, water 

contact angle. 

 

1. INTRODUCTION 

Tissue engineering is a growing field which 

combines scientific and technical aspects from material 

science and engineering interfaced with biological 

sciences to generate structures or implants to fulfil clinical 

requirements by aiding in the natural repair process of the 

body. The diseased, damages or malfunctioning tissues are 

substituted or restored via tissue engineering. A wide 

range of material classes can be used to produce scaffolds 

which are suitable for tissue engineering [1]. It can be 

classified into four main classes of materials; (i) ceramics, 

(ii) metals, (iii) polymers, and (iv) composites [2-4]. Some 

of the important features of biomaterials are 

biocompatible, biofunctional and sterilizable. 

One of the important materials which are used for 

biomedical application is polymer. It is commonly used 

for tissue engineering due to its biodegradability, 

biocompatibility, bioactivity, unlimited source and 

synthetic polymers also have versatility [2]. It can be 

either natural (such as chitosan and collagen) or synthetic 

(such as poly-caprolactone (PCL) and polylactic acid 

(PLA) [2, 5]. Often, in order to make use of advantages of 

different materials, composites are used.  

Another material used for biomedical application 

is bioceramics, because of their resemblance to bone 

minerals [6]. They can either be natural (eg: 

hydroxyapatite) or synthetic (eg. Calcium phosphate) and 

can be synthesized to different porosities, forms and 

topographies [7]. It is known to have good 

biocompatibility, biodegradability, bioactivity, 

osteoconductivity. 

The biomaterial used depend on its structure and 

properties and what type of application they are intended 

for [2]. Hence the material used for implants in certain 

areas must be compatible with the materials present in 

those areas. With regards to this, polymer and calcium 

phosphate ceramic composites have been especially 

attractive for the scaffold fabrication due to their 

composition combines favourable properties of the both 

phases [8]. 

Chitosan is one of the biopolymer, which is 

commonly used for bone tissue engineering [9]. Chitosan 

is a linear polysaccharide which is composed of 

glucosamineand N-acetyl glucosamine units. The suitable 

properties of this polymer such as; bioresorbability, 

antibacterial activity, and haemostatic characteristics being 

as interesting factors to use it for coating layer on a 

fabricated composite scaffold [10]. This study compared 

the fabricated three-dimensional composite scaffolds 

composed of Hydroxyapatite (HA), Polycaprolactone 

(PCL) via thermally induced phase separation (TIPS) and 

freeze-drying method. The pore morphology could be 

controlled by the thermally induced phase separation 
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(TIPS) method [11, 12]. Morphology and wettability 

properties are important for extracellular matrix (ECM). 

Analytical tools such as SEM, EDX and contact angle 

were used to investigate surface morphology, elemental 

analysis and wettability of composite scaffolds. In this 

paper, the scaffold samples of PCL and HA/PCL were 

coated by chitosan using dip coating method and 

lyophilised by freeze-drying technique. The coated and 

uncoated scaffolds were characterised by using different 

techniques. The uncoated scaffolds were compared with 

coated ones. 

 

2. MATERIALS AND METHODS 

 

2.1 Materials 

Poly (caprolactone) (PCL) (MW: 70, 000-90, 

000), Chitosan (medium molecular weight) were 

purchased from Sigma. HA was fabricated in-house using 

a nano-emulsion technique [13]. Chloroform and dimethyl 

formamide (DMF) were analytical grade which were used 

as solvents. 

 

2.2 Chitosan coating on composite scaffolds 

Chitosan solution was prepared by dissolving 

0.2g chitosan in 50ml distilled water containing 1ml of 2% 

acetic acid with the aid of magnetic stirrer.  After the 

chitosan solution was made, the scaffolds which were PCL 

and HA/PCL was dip-coated inside the chitosan solution 

for 5 minutes before freeze them at low temperature for 24 

hours. The chitosan coated scaffolds was then freeze dried 

for 24 hours. 

 

2.3 Characterization 

 

Morphology: The composite scaffolds 

morphology was examined with a Scanning Electron 

Microscope (SEM, TM3000). 

 

Energy dispersive X-Ray spectroscopy: The 

elemental analysis was conducted by using a Scanning 

Electron Microscope coupled with an energy dispersive X-

ray (EDX) analysis system by Hitachi Table-top 

Microscope (TM300).  

Contact angle: The wettability of the samples 

were calculated with the help of VCA Optima contact 

angle measuring unit. A water droplet in the size of 1 μL 

was used; and the photographs were taken immediately 

after placing the droplet. Finally, the degree of angle 

formed was analysed using computer integrated software. 

 

Water uptake: In this experiment, the water 

uptake for each sample before and after coated with 

chitosan was investigated. The scaffold samples was 

coated and uncoated PCL and HA/PCL scaffolds. Each of 

the samples were weighed and then immersed in distilled 

water for 5 minutes. After that, the sample was weighed 

again after removing the excess water. The water uptake 

for each sample was calculated using the equation:  

 Water uptake %  =  �� − �� /�� ×  

 

Where �� and �� are the sample weight after 

and before soaked in distilled water. The data was then 

tabulated. 

 

3. RESULTS AND DISCUSSIONS 

 

3.1 Morphology 

The SEM images of coated and uncoated are 

given in Figure-1. Chitosan coated scaffolds had an 

additional porous surface indicating the presence of 

chitosan. The uncoated and coated scaffolds show 

homogenous structure with pore sizes over few hundred 

microns and reasonable thickness of pore walls. The 

coated sample illustrated highly interconnected porous 

structures. The scaffolds exhibited very good connectivity 

among the pores, which is useful for tissue ingrowth. 

These structures are vital to tissue engineering applications 

as they allow the protecting of cells, cell penetration and 

migration, vascularization, and nutrient supply inside the 

targeted region [14]. 
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Figure-1. SEM micrographs of non-coated scaffolds of (a) PCL (d) PCL/HA and Chitosan coated PCL scaffolds (b, c) and 

PCL/HA scaffolds (e, f). 

 

3.2 Energy dispersive X-Ray (EDX) analysis 

Using EDX analysis, the presence of elements for 

coated and non-coated scaffolds can be differentiated by 

determining the energy absorbed by the elements present 

in the scaffold. Figure-2 shows the EDX spectrum and 

elemental analyses at the different locations of scaffolds. 

Presence of C and O confirms the PCL in PCL scaffolds, 

whereas, the existence of Ca and P confirms the presence 

of HA particles in HA/PCL composite scaffolds. The Ca/P 

ratio was within 1.5-1.70 in HA/PCL scaffold, which is 

suitable for medical approaches [13]. 

 

(a) 

Element Weight % 
Weight 

% σ 

Atomic 

% 

Carbon 64.810 0.831 71.042 

Oxygen 35.190 0.831 28.958 
 

(b) 

Element 
Weight 

% 

Weight 

% σ 

Atomic 

% 

Carbon 64.318 0.808 71.368 

Oxygen 33.359 0.816 27.789 

Phosphorus 0.721 0.092 0.310 

Calcium 1.602 0.124 0.533 
 

 

Figure-2. EDX spectra and elemental analysis of PCL (a) and HA/PCL (b) scaffold. 

  

e 

a 

d 

b c 

f 
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3.3 Water Contact Angle (WCA) 

Figure-3 shows the contact angles of coated and 

uncoated PCL and HA/PCL scaffolds. PCL is 

hydrophobic, so the PCL scaffold had high contact angle. 

With the incorporation of HA, the contact angle of 

HA/PCL decreased significantly. After coating with 

chitosan, the contact angle again significantly decreased. 

Recent studies show that more hydrophilic surface of 

material will enhance cell adhesion on the surface. 

Therefore, good spreading, proliferation and 

differentiation of cells can be shown on the hydrophilic 

surface [14]. 

 

 Non-Coated 
Contact 

Angle (°) 
Coated 

Contact 

Angle (°) 

PCL 

 

116.8 ± 

2.6 

 

97.9 ± 3.1 

PCL/ HA 

 

79.9 ± 

5.2 

 

70.29 

 

Figure-3. The image of contact angle measurement. 

 

3.4 Water uptake 

In this study, the water uptake properties of 

coated and uncoated PCL and PCL/HA were evaluated 

and compared. Table-1 compares the effect of chitosan on 

the water uptake of the prepared PCL and HA/PCL 

composite scaffolds. It can be clearly seen that for each 

sample, which were coated had a higher water uptake than 

the uncoated samples. Because of hydrophilic property of 

chitosan which was observed from the water contact angle, 

coated samples showed increased water uptake than non-

coated samples. Besides, the pore geometry and pore size 

also had influence on water uptake [14-17]. 

 

 

 

 

 

 

 

 

Table-1. Comparison of water uptake between the coated 

and non-coated scaffolds. 
 

Sample Water uptake (%) 

Uncoated 

PCL 94.87 

PCL-HA 270.56 

  

Coated 
PCL 271.71 

PCL-HA 279.52 

 

4. CONCLUSIONS 

Chitosan was successfully coated on PCL and 

HA/PCL scaffolds. Chitosan improved the wettability of 

the scaffolds. The SEM images proved an additional 

chitosan porous surface on the PCL and HA/PCL scaffold. 

EDX analysis confirmed the presence of elements in PCL 

and HA/PCL scaffold. The water uptake results also 

revealed that chitosan layer increased water uptake 

properties.  Chitosan layer improved the surface properties 
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of scaffolds which will provide proper environment for 

cell growing for bone regeneration in TE application.  
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