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Abstract 
      This study aims to increase the tensile strength and elongation of the collagen chitosan 
membrane by adding various concentrations of polyvinyl alcohol (PVA).  
      Membrane samples were made in four treatment groups by adding different concentrations of 
PVA. The compositions of collagen-chitosan-PVA were 3-2-3, 3-2-5, 3-2-7.5, and 3-2-10, and the 
prepared study samples were tested for water absorption, FTIR, Scanning Electron Microscope, 
tensile strength, and membrane break elongation. Meanwhile, the four groups were analyzed for 
tensile strength and elongation at break of the membranes using the ANOVA statistical test, at a 
significance of p <0.05.  
      The PVA-collagen-chitosan membrane had a porous surface, and higher percentages of PVA 
addition could produce a dense membrane. The range of tensile strength and break elongation of 
the membrane were 9.75 MPa - 21.35 MPa and 10.25% - 40.97%, respectively. Also, the sample 
with the composition of collagen composition-chitosan-PVA at 3-2-3 was significantly different from 
that of 3-2-7.5 and 3-2-10 but not 3-2-5.  
      The tensile strength and elongation at break of the collagen-chitosan membrane were higher 
with the addition of polyvinyl alcohol. 
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 Introduction 
 
 Collagen is the most popular barrier 
membrane used in Guided Tissue Regeneration 
and Guided Bone Regeneration procedures.1 

The main function is to guide the 
regeneration of soft and hard tissues separately 
while avoiding epithelial and connective tissue 
growth in the bone compartments.2,3 Major 
advantages of the collagen membrane are 
absorbability by the body, the main constituent of 
the natural extracellular matrix (ECM), and an 
essential alternative to synthetic polymers 
because of its excellent cell affinity and 
biocompatibility.4 The principal sources for 

commercial membranes today are bovine and 
pork collagen, while the limitations are the high 
cost of raw materials, difficulty in controlling 
degradation, and mechanical properties.5  

Meanwhile, the characteristics of GBR 
and GTR membranes include good compatibility 
in tissues and cell occlusivity, meaning it should 
serve as a physical barrier. Also, it should be 
easy to apply for clinical use, have integrative 
properties, and have sufficient strength to avoid 
collapse.6,7 The membrane barrier is a 
biomaterial that functions as a barrier for a 
certain period until the desired bone is remodeled 
and becomes integrated with the surrounding soft 
tissue. Generally, membranes can serve as a 
barrier within four weeks of attaining structural 
integrity in periodontal regeneration, while a 
longer time, up to 6 months, is required for bone 
tissues.6,8  

Chitosan has been developed in various 
fields, including medicine, and one of its 
technological products is used as a membrane 
for topical drug delivery systems. It is widely 
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utilized in the medical field due to its 
biocompatible, biodegradable, non-toxic, 
antimicrobial, and hydrating agent 
properties.9,10,11,12 Meanwhile, polyvinyl alcohol 
(PVA) is a synthetic polymer with advantages, 
such as hydrophilicity, compatibility, non-toxicity, 
high water absorption, strong mechanical 
properties, good chemical stability compared to 
other synthetic polymers, and biodegradability. 
These advantages promote its extensive use in 
the biomedical field.13 

One of the main problems associated with 
the application of biomembranes is the 
mechanical strength required to withstand cyclic 
forces, actively participate in the regeneration 
process, and function as a site for cell growth 
and differentiation.14,15 Previous studies have 
shown that collagen-chitosan membranes exhibit 
a relatively low tensile strength of less than 1 
MPa,16 while the results of the tensile strength 
analysis of various commercial collagen 
membranes ranged from 3.4 to 11.4 MPa.17,18  
Therefore, this study aims to increase the tensile 
stress and elongation at the break of collagen-
chitosan membranes by adding PVA of various 
concentrations.  
 

Materials and methods 
 

This study used several ingredients, 
including DD 80-90% chitosan powder, collagen 
powder from bovine tendon, alongside polyvinyl 
alcohol, and acetic acid, both from Merck, 
Germany. Then, the samples were prepared and 
tested for water absorption, FTIR, Scanning 
Electron Microscope (SEM), tensile strength, and 
membrane elasticity. The membrane samples 
were made in four treatment groups, with the 
addition of PVA at different concentrations, 
namely 3%, 5%, 7.5%, and 10%. 

 
Preparation of the Collagen-Chitosan-PVA 

Membrane  
a. Preparation of 2% chitosan solution 

A total of 2 grams of the DD 80-90% chitosan 
powder was dissolved in 98 ml of 1% acetic acid 
(b/v) solution and stirred at 500 rpm at room 
temperature (±25°C) for 24 hours. 

b. Preparation of 3% collagen solution 
3g of collagen powder was mixed in 97 ml of a 
1% (b/v) acetic acid solution and stirred at 500 
rpm at room temperature (±25°C) for 48 hours 
until completely dissolved. 

c. Preparation of PVA 3 solution; 5, 7.5, and 
10% 

A total of 3, 5, 7.5, and 10 grams of PVA powder, 
respectively, were put into four different screw 
bottles. Next, distilled water was added to 
prepare 3; 5; 7.5, and 10% (w/v). These mixtures 
were then autoclaved for 15 minutes at 121°C 
until completely dissolved. 

d. Manufacture of a chitosan-collagen-PVA 
composite membrane 

 
The chitosan-collagen-PVA composite 

solution was prepared by mixing the three 
components at a volume ratio of 1: 1: 1. This 
mixture was stirred at a speed of 500 rpm until 
complete dissolution. Then, as much as 10g of 
the utterly mixed solution was put into a 7x7 cm 
polyacrylic mold which was prepared previously 
and dried at room temperature (±25°C) until a 
membrane was formed. The dry membrane was 
soaked in 1 M NaOH solution for 1 hour and 
washed with sterile distilled water until it reached 
a neutral pH. Finally, the membranes were frozen 
at -80°C overnight and then placed in a freezer 
for 3 hours. 

Determination of the Water Absorption of 
the Collagen-Chitosan-PVA Membrane  
The determination of water absorption (SA) was 
performed by weighing the sample in a dry state, 
then immersing it in distilled water for 5 to 30 
minutes at 25oC. Then, the sample was removed 
from the water every five minutes, the surface is 
dried with filter paper and weighed.19 These 
steps were repeated for up to 30 minutes and 
followed by the calculation of the sample’s water 
absorption, according to the formula: 
 

 
Where: 
SA = Water Absorption 
Bt = Weight After Soaking 
B0 = Initial Weight. 
 

Characterization with FTIR 
Infrared Fourier Transform (FTIR) 

spectroscopy was used to identify the chemical 
structure or functional groups and possible 
interactions between the Poly Vinyl Alcohol 
(PVA) - Collagen (Coll)-Chitosan composite 
membrane components. The FTIR spectrum of 
the membrane was evaluated by a Shimadzu 
spectrophotometer (Shimadzu IR Prestige 21) 
from Japan. Then, several pureed potassium 
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bromide (KBr) were inserted into the holder and 
the sample placed on it, followed by 
measurement at a medium frequency area with 
wavenumbers 4000-400 cm-1. Consequently, the 
spectrum obtained identified the functional 
groups.         

Tensile Strength and Extension of 
Membrane Breaks 

Each dry chitosan-collagen-PVA 
composite membrane was molded in the form of 
dumbbells following ASTM D638 and evaluated 
with a Universal Testing Machine to obtain 
tensile strength and elongation measurements at 
break. 

Scanning Electron Microscope (SEM) 
SEM JSM-6510LA from the JEOL 

manufacturer in Japan was used in this study. 
For the image-taking process, the sample was 
placed and attached to the SEM specimen holder 
using the carbon double tip. The sample was 
divided into two parts, which were a flat 
membrane and a cross-section pointing vertically 
upwards or an objective lens. Meanwhile, the 
double tip is made of carbon material, which is 
conductive on two sides and functions to conduct 
all the electrons that enter the sample out 
through the grounding. The sample space was a 
vacuum of up to 10-6 Torr to ensure that the 
column was free of air molecules. Subsequently, 
the SEM was operated with standard operating 
parameters, with a high voltage of 20 kV, a spot 
size of 50, and work distance (WD) of 10 mm.  
  

Results  
 
Figure 1 shows the water absorption 

pattern of the PVA-Collagen membranes and 
their various compositions. The pattern of the 
increasing water absorption shows the Burs 
effect in the first five minutes, where the 
membranes with PVA-Collagen-Chitosan 
compositions of 3: 2, 5: 2, 7.5: 2, and 10: 2 
produced 196.68%, 182.25%, 127.98%, and 
167.49%, respectively. Subsequently, the water 
absorption of each sample was increased 
gradually for up to 20 minutes and stabilized at 
25 and 30 minutes. Also, the four compositions 
showed that a higher percentage of PVA 
generated lower water absorption. The reason 
was probably that greater PVA concentrations 
cause the membrane pores to get tighter, as 
indicated by the heavier membranes of the same 
size, as shown in Figure 2.  

 
Figure 1. The water absorption pattern of the 
PVA-Collagen-Chitosan membrane from several 
compositions. 
 

 
Figure 2. Relation between PVA composition 
and membrane weight. 
 

Discussion 
 

Figure 3 shows the FTIR spectrum of 
collagen, PVA, and PVA-Coll, while Table 1 
displays the wavenumber characteristics of 
collagen. According to Chen et al. (2007), the 
characteristic wave number of collagen is found 
in three absorption bands, namely 1643, 1543, 
and 1240 cm-1, which represent the Amide bands 
I, II, and III, respectively. However, the amide III 
band of 1240 cm-1 is the main characteristic of 
this material.20 Besides the Amide bands, 
another main peak at wave number 3318 cm-1 
was obtained for Amide A, which corresponds to 
the N-H vibrating stretching, and was confirmed 
as hydrogen bonding. Also, the band with the 
peak wavenumber was Amide B at 2941 cm-1, 
obtained from the asymmetric stretch of CH2 .21 
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Figure 3. FTIR spectrum of collagen, PVA, and 
PVA-Collagen. 
 

The PVA FTIR characteristics obtained at 
wavenumbers 3274 cm-1 and 1674 cm-1 were -
OH stretching and vibrating bending. Meanwhile, 
the peak band of 2942 cm-1 was exhibited by the 
asymmetric vibration strain of the methylene 
group (-CH2) and 1093 cm-1 produced by the -
OH strain of the acetyl group on the PVA 
backbone.21 

 

 
Table 1. FTIR analysis of collagen. 
 

As shown in Figure 3, the FTIR spectrum 
of the PVA-Collagen-Chitosan membrane 
illustrates that it is a composite, and PVA and 
collagen can be identified by comparing their 
respective wavenumbers. The CH2 vibration 
stretching group with the wavenumbers 2941 cm-

1 in collagen and 2942 cm-1 in PVA was also 
found on the PVA-Coll membrane, a larger band 
of 2945 cm-1. Furthermore, the characteristics of 
the collagen band, Amides I, II, and III, were also 
seen. Likewise, the PVA band at wavenumber 
1093 cm-1, which represents the -OH strain of the 
acetyl group on PVA-Coll, shifted to 1115 cm-1, 
with smaller intensity.  

The SEM results shown in Figure 4 
revealed that the PVA-Collagen-Chitosan 

membrane was porous, and the resulting 
membrane became denser on greater addition of 
PVA. Also, the porosity of the membrane surface 
allowed cell adhesion and the penetration of 
other cells into the matrix, giving them more room 
to multiply or proliferate on the inner surface of 
the scaffold.23,24 

Table 2 presents the measurement 
results of the membrane tensile strength and 
elasticity or break elongation, which ranged from 
9.75 MPa - 21.35 MPa and 10.25 - 40.97%, 
respectively. Subsequently, this data shows that 
a higher concentration of PVA in the composite 
membrane produced greater tensile strength and 
break elongation. The statistical analysis results 
revealed that the tensile strength and break 
elongation with the composition 3-2-3 of 
collagen-chitosan-PVA differed significantly from 
the composition of 3-2-7.5 and 3-2-10 but not 3-
2-5. Furthermore, the values at 3-2-7.5 were not 
significantly different from 3-2-10.   

Previous studies have reported the tensile 
strength and elasticity of membranes that are 
readily available in the market. A commercial 
TXT-200 membrane (Osteogenics, TX, USA) has 
a tensile strength of about 4.3 MPa and a break 
elongation of 301%.25 Commercially available 
collagen membranes have a wide range with 
values about 3.4 MPa∼11.4 MPa, and 
9.6∼46.8%, respectively.17,18 According to Bottino 
et al., commercial GBR membranes have a 
tensile strength of 3.5 - 22.5 MPa.26 
Consequently, the measurement results of the 
PVA-Collagen-Chitosan membrane in this study 
showed that the tensile strength and elasticity are 
almost equivalent to the commercial forms. 
 

 
Table 2. Tensile strength and elongation at the 
break of PVA-Collagen-Chitosan composites. 
The notation ’a’ compared to ‘b’ showed a significant difference  
(p <0.05) after a statistical test with ANOVA. 
 

The use of membrane barriers has been 
associated with insufficient stability and space 
maintenance in GBR, which leads to graft 
displacement of soft tissues by stress, thereby 
reducing new bone growth.27 Therefore, the 
membrane should ideally be rigid enough to 
withstand the overlying soft tissue's compression 



 
Journal of International Dental and Medical Research ISSN 1309-100X                                              Collagen-Chitosan Membranes 
http://www.jidmr.com                                                                                                                                             Agus Susanto and et al 

 

  Volume ∙ 14 ∙ Number ∙ 4 ∙ 2021 
                            

Page 1361 

and have the required degree of plasticity to be 
easily molded into the desired shape to fit the 
defect.  
 

 
Figure 4. SEM results of the surface and cross-
sectional (500x) views of the membrane types 
with various PVA concentrations at 3%, 5%, 
7.5%, and 10%. 
 

Conclusions 
 

The tensile strength and elongation of the 
collagen-chitosan membrane were higher with 
the addition of polyvinyl alcohol. 
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