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Abstract

Introduction: The challenge of restoring patient’s function that presented 
some loss of an organ or tissue encourages the Tissue Engineering 
and Biotechnology to develop materials that promote bone regeneration. 
Poly(lactic-co-glycolic acid) (PLGA) copolymer is among of the most 
biomaterials used. Objective: To evaluate the tensile strength of 
PLGA membranes at different conditions of humidity and temperature. 
Material and methods: PLGA membranes were hourglass-shape cut 
and prepared at three different conditions of temperature and humidity 
(n = 10): (I) dry membrane at environment temperature of about 
20ºC (control group), (II) moist membrane plasticized at 55ºC, (III) 
moist membrane plasticized at 55ºC, which subsequently underwent 
cooling. Subsequently, the membranes were subjected to tensile tests 
in a universal testing machine (DL-2000, EMIC) at 1.0 mm/min. Data 
was submitted to ANOVA and Tukey’s test (p < 0.05). Results: Group I 
showed the highest tensile strength mean (16.7 ± 1.9a MPa, p = 0.0022). 
There was no statistically significant difference between the means of 
groups II (14.6 ± 1.4 MPab) and III (13.9 ± 1.7 MPab). Conclusion: 
The dried PLGA membranes showed higher tensile strength than the 
membranes that were only either plasticized or cooled.
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Figure 1 – Schematic drawing of the membrane action as a physical barrier to impede that other tissues and blood 
clots invade the site of bone 

The membranes should be hard enough to maintain the space and support the tissues of the surgical 
area. Thus, it is needed that the constituting material of the membranes is malleable to provide the 
specific geometry for the functional reconstruction and hard to support external forces, such as those 
from mastication [7, 18]. Moreover, it is of great importance that they are totally biocompatible to not 
damage the surrounding tissues. Also, they should be porous, because it is through the pores that the 
fluids, nutrients, oxygen, and bioactive substances for cellular growth are changed. On the other hand, 
the diameter of the pores should be controlled. If they are very large, they can provide the leakage of 
fibroblasts, thus inhibiting the proliferation of stem cells and acting as route to bacteria [28].

The membranes can be constituted by either a single material or a combination of materials, such 
as the association of polymers with either collagen or hydroxyapatite. According to Pereira Neto et al. 
[15], still there is no consensus on which biomaterial would display the best performance in the tissue 
engineering. Commercially, resorbable and non-resorbable membranes have been found. Among the 
resorbable membranes, those constituted by polymers such as glycolic acid (PGA), polylactic acid (PLA) 
and poly(lactic-co-glycolic acid) (PLGA) are the most used. Their advantage is to not require a second 
surgical procedure decreasing the morbidity of the patient. One of the disadvantages is the possibility of 
collapse during degradation, resulting in the loss of the barrier function and consequently the invasion by 
other tissues on the regeneration area, leading to the procedure failure. Non-resorbable membranes are 

Introduction

The loss of bone tissue resulting from lesions or other damages impacts the patient’s life. The 
reconstruction of such structures through synthetic materials many times does not return the function 
and aesthetics required, making this a clinical challenge. The use of autogenous bone grafting collected 
from the patient is efficient; however, there is the need of a second surgical site because of the donor area. 
The most common donor areas used in Dentistry for bone grafting are: the skull bone, chin, iliac crest, 
retromolar area, and the maxillary tuberosity [2, 6]. Consequently, this cause greater morbidity to patient, 
contraindicating the surgical procedure [8]. Allogeneic (from individuals of the same species) and xenogeneic 
(from one species and transplanted to other species) grafting has the advantages of not necessitating another 
second surgical site; however, they have disadvantages such as incompatibility of the host, risk of disease 
transmission and greater chance of resorption and consequently loss of the bone gain [2, 17].

Other procedures can be executed aiming to increase the bone volume, such as osteogenic distraction 
(surgical induction of the bone fracture and splitting into two fragments so that a new bone is formed 
between them), osteoinduction with growth factors and/or stem cells, osteoconduction by the use of 
substrates for cellular development (scaffolds) and guided tissue regeneration (GTR) with the aid of 
membranes [18]. GTR is an alternative basically based on the installation of mechanical barriers to 
protect the area of neoformed tissue avoiding that other tissues, e.g., connective and clots, invade and 
jeopardize bone formation [10] (figure 1). 
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composed by titanium and polytetrafluoroethylene 
net. Although they require a second surgical 
procedure, they are stable and do not undergo 
collapse and act as a barrier until their removal, 
reducing the risk of complications [18]. 

Therefore, PLGA membranes are a good 
alternative for this purpose because they are 
biomaterials serving as physical support to guide 
tissue neoformation. Based on this information, 
the aim of this study was to evaluate the tensile 
strength of a resorbable PLGA membrane at different 
conditions of humidity and temperature. 

Material and methods

Construction of the specimens

The membranes employed in this study were 
produced with PLGA copolymer and obtained by 
solvent evaporation technique [16]. PLGA copolymer 
(Resomer, Evonik Ind., Essen, Germany), at 
82:18 (m:m) ratio, was diluted in organic solvent 
dichloromethane formaldehyde (ChCl2, Synth 
– LabSynth, Diadema, Brazil). This solution was 
poured into rectangular moulds measuring 2.0 cm 
in width and 3.0 cm in length. After the solvent 
evaporation, the pieces were cut in rectangles 
(1.5 cm in width and 3.0 cm in length) to obtain 
samples with thickness ranging from 16 to 30 
micrometers (figure 2). Next, the membranes 
were sterilized by gamma radiation (CBE, Cotia, 
Brazil).

Figure 3 – Hourglass-shape PLGA copolymer membrane 
in front of the resin composite guide 

Prior to the tensile strength tests, the samples 
were submitted to three different humidity and 
temperature conditions: (I) membranes dried at 
environmental temperature of about 20ºC (control 
group); (II) moist membranes and plasticized; (III) 
moist membranes and plasticized which were  
cooled subsequently. The membranes of groups II 
and III were plasticized for two minutes in 0.9% 
saline solution (Segmenta, Ribeirão Preto, Brazil), 
heated at constant temperature of 55ºC (model 
CRC-5AC2W, PolyScience, Niles, USA) (figure 4). 
The membranes of group III were cooled in 0.9% 
saline solution (Segmenta, Ribeirão Preto, Brazil) 
at 10ºC for 30 seconds.

Figure 2 – PLGA copolymer membrane

To perform the tensile strength test, the membranes 
were cut in hourglass shape (5.0 mm in width at the 
central portion and 25.0 mm in length) with the aid 
of a guide of resin composite (figure 3). 

Figure 4 – Thermal cycler (model CRC-5AC2W, PolyScience, 
Niles, EUA) for the membranes plasticization to keep 
constant the temperature of saline solution (55ºC)
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Tensile strength test

The tensile strength tests were conducted in a universal testing machine (model DL 2000, EMIC, 
São José dos Pinhais, Brazil), in which two self-lock claws distant 15.0 mm between each other were 
placed with constant cross-head speed of 1.0 mm/s [1,5] (figure 5A). To calculate the tensile strength 
(in MPa), the maximum load tension (in N) was divided by the value of the area of the central portion 
of the sample (in mm2). The thickness of each sample used for the area calculation was the mean of 
the measuring at three points on the central section of the sample, performed with the aid of a digital 
caliper (model 799, Starret, Itu, Brazil) (figure 5B).

Figure 5 – A: Universal testing machine used for tensile strength tests (model DL 2000, EMIC, São José dos Pinhais, 
Brazil); B: Digital caliper employed for measuring the thickness of the samples (model 799, Starret, Itu, Brazil)

Statistical analysis

The data of the tensile strength test were 
submitted to one-way ANOVA and Tukey’s test to 
compare the mean values. The level of significance 
was set at 5% (p < 0.05).

Results

There were statistically significant differences 
among groups (p = 0.0022, figure 6). Group I (dry 
membranes) showed the highest tensile strength 
mean values (16.7 ± 1.9a MPa). There were no 
statistically significant differences between groups 
II (plasticized membranes: 14.6 ± 1.4b MPa) and 
III (plasticized and cooled membranes: 13.9 ± 
1.7b MPa).

Figure 6 – Tensile strength means (MPa): (I) dry 
membranes at environmental temperature (control 
group); (II) moist membranes plasticized at 55ºC; (III) 
moist membranes plasticized at 55ºC and then cooled
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Discussion 

The first use of polyglycolic acid (PGA) was in 
the construction of totally resorbable suture threads 
[9, 12]. Poly-lactic acid (PLA) is presented as distinct 
stereoisomers, dextro-gyrate (D) and levogyrous (L): 

L-PLA, D-PLA and DL-PLA [26]. In this study, L-PLA 
was the polymer used to obtain PLGA because this 
is preferentially employed in materials requiring 
mechanical resistance and toughness [12]. 

PLGA copolymer membranes have been largely 
researched and studied because their degradation 
time can be controlled by the alteration of the 
concentrations of PLA and PGA copolymers and 
its molecular weight [19, 22]. Moreover, they are 
excellent mechanical barriers because they avoid the 
invasion of soft tissues and can be used as delivery 
system of drugs, skin replacements, vascular stents, 
and cell scaffolds [14]. Also, they have the approval 
of Food and Drug Administration (FDA).

Sefat et al. [21] reported that dehydrated PLGA 
copolymer membranes present a hydrophobic 
feature, which makes difficult the cellular adhesion, 
therefore demanding a prior hydration before its 
use. The time recommended for this hydration is 
from 10 to 30 minutes in buffer phosphate-saline 
solution so that the process of cellular adhesion 
is more efficient [21]. 

However, according to the manufacturer, 
these membranes can be employed: (1) moist; 
(2) plasticized in heated solution; (3) cooled after 
plasticization. If the case does not require the 
molding of the membrane to the surgical site, the 
manufacturer advises only to place it over the 
receptor site for tissue regeneration and perform 
suture. If the case exhibits a surgical site of 
irregular morphology, it is advised to plasticize 
the membrane in solution heated at 55ºC, that 
is make it malleable, and adapt it over the site. 
Alternatively, the membrane can be cooled with 
saline solution after plasticization to memorize the 
desirable position. 

The results of this present study showed 
that there were no stat ist ica l ly signi f icant 
differences among tensile strength means after 
the plasticization regardless whether they had been 
cooled. Notwithstanding, the best results were 
achieved with the dried membrane. However, this 
is not advisable because it jeopardizes cellular 
aggregation. 

Thus, the literature has reported the association 
of hydroxyapatite with PLGA copolymer to improve 
the mechanical properties of the membranes, 

achieving a force and hardness similar to that 
of the t issue surrounding the surgical site
[1, 21]. Moreover, this association could neutralize 
the acids produced by the degradation of PLGA 

copolymer and promote better bone neoformation 
than that of pure polymers due to its cellular 
adhesion capacity [1, 22, 27, 29]. 

With regard to cellular aggregation, most of 
the cells do not grow satisfactorily on the surface 
of PLGA membranes when compared with collagen 
membranes [4, 11]. Therefore, PLGA can be classified 
as a poor substrate for in vitro cellular growth [4, 
16]. Another important factor to be reported is that 
the byproducts of PLGA copolymer, resulting from 
its degradation, are relatively strong acids (lactic 
acid and glycolic acid), which can accumulate on the 
surgical site and cause a late inflammatory response, 
thus negatively interfering in bone neoformation 
process [3, 12, 13, 19, 24]. 

Based on the aforementioned discussion, 
further studies are suggested aiming to analyze 
the degradation time and the residues coming 
from PLGA copolymer membrane after undergoing 
different humidity and temperature conditions 
similar to those of this study, since many studies 
have pointed out a late inflammatory response
[3, 12, 13, 19]. Moreover, future studies are needed 
to verify the behavior of PLGA membranes as 
stem cell scaffolds by assessing the capacity of 
cellular adhesion to the substrate and cellular 
proliferation. 

Conclusion

Based on the results obtained, it can be 
concluded that dried PLGA membranes show the 
greatest tensile strength compared with membranes 
only plasticized or cooled after plasticization.
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