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The use of selective barriers as resorbable membranes 
has become a routine clinical procedure for guided bone 
regeneration. Therefore, the production of membranes with 
a low inflammatory potential during their resorption process 
has become the goal of a considerable number of researches. 
Aim: The purpose of the present study was to evaluate the 
biocompatibility of poly (L- lactic acid) (PLLA) and biocelulose 
membranes (BC) inserted in the subcutaneous tissue on the 
dorsum of rats. Methods: Fifteen animals underwent surgical 
procedures for the insertion of 4 types of membranes: COL 
(Collagen membrane) – Control Group; BC (Biocellulose 
membrane); BCAg (Biocellulose membrane impregnated with 
Silver); PLLA (Poly (L-lactic acid) membrane). All membrane 
types were inserted into each animal. Animals were euthanized 
after 3, 7, and 15 days of the surgical procedure. Descriptive 
histological analyses were carried out to investigate host 
tissue reaction to membrane presence by assessing the 
anti-inflammatory process composition associated with 
the membrane resorption and the presence of foreign-body 
reaction or encapsulation. Results: The BC membranes 
showed a higher degree of inflammation and poor pattern of 
integration with the surrounding tissues than the PLLA and 
COL membranes. Conclusion: The PLLA and COL membranes 
present better biocompatibility than the BC membranes.
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Introduction

Guided bone regeneration (GBR) is a technique that consists in applying a mechan-
ical barrier in order to isolate a bone defect from neighboring tissues to favor the 
formation of bone rather than that of other tissues with faster proliferation. For this 
purpose, it is necessary to use occlusive, semi-permeable, biocompatible, and pref-
erably, a resorbable membrane in order to maintain the space for the occurrence of 
bone regeneration1. Several materials have already been suggested for use as resorb-
able membranes, such as collagen2, polymers3, hydroxyapatites4, and latex5, among 
others. However, the search for resorbable membranes that present a controlled 
resorption process, with the least possible inflammatory reaction, good mechanical 
properties, and that allow the association with osteoinductive or antimicrobial sub-
stances is still necessary1,2.

Collagen membranes are traditionally the most frequently used among the resorb-
able membranes2,6, and have presented good clinical outcomes throughout the recent 
years7-9. However, despite the consistent data presented by the collagen membranes, 
some alternatives for this type of membrane have been proposed in order to provide 
a material with similar predictability but with an alloplastic origin, as opposed to that 
of the natural collagen membranes10. 

In this context, this study highlights and investigates the behavior of biocellu-
lose (BC) and poly (L-lactic acid) (PLLA) as mechanical-barrier membranes,  
as it has previously been proposed11. BC membranes are made of a nanoma-
terial produced by several bacteria in culture, especially Acetobacter Xylinum  
(or Gluconacetobacter xylinus), which has been used in the industry due to its abil-
ity to produce cellulose in a large scale, in a culture medium containing carbon 
and nitrogen sources, whether in a stirred or static environment12. Recent studies 
have showed promising potential for the use of BC as a temporary skin substitute 
biomaterial in the treatment of wounds that are difficult to heal13. These researches 
have also motivated the use of the BC membrane in guided bone regeneration 
procedures11,14. BC alone has no antimicrobial activity to prevent wound infec-
tion15. In this sense, recently, a great effort has been devoted to the development 
of membranes with antimicrobial potential, especially BC membranes containing 
silver particles12. The PLLA membranes are polymers synthetized by the combi-
nation of citric acid with glycolic copolymers and lactic polymers16.  The use of 
the PLLA is widespread in clinical medicine, in processes of bone fixation17, surgi-
cal sutures18 and in the control of drug release19. However, these PLLA and PLGA-
based membranes degrade into acid during their resorption process, and an inflam-
matory reaction can be generated due to the accumulation of this by-product in  
living tissues16.

The array of reactions caused by a material when implanted in the body can pre-
dict the success or failure of the procedure. For this reason, preclinical stud-
ies are necessary to analyze the biocompatibility of resorbable membranes 
during their degradation process in order to ensure that the material contrib-
utes to the formation of bone tissue and/or soft tissue healing without bring-
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ing any harmful side-effect to the host. Thus, the aim of this study was to evalu-
ate the biocompatibility of PLLA and BC membranes with and without the addition 
of silver inserted in subcutaneous tissue on the dorsum of rats by means of a  
histological description.

Material and Methods

Animals and ethical considerations

In this study, 15 adult male rats (Rattus Norvegicus, variation albinus, Holtzman) 
approximately 3 months old, with body mass between 250- 300 grams were used. 
The animals were kept in an environment with humidity, controlled light and tem-
perature cycles. The animals were fed with solid rat chow and had access to water 
ad libitum, before and throughout the experimental period. The study was approved 
by the ethical committee of our institution (CEUA-15/2015) and was conducted in 
accordance with the ARRIVE protocol for conducting pre-clinical studies.

Surgical procedure

All rats were anesthetized by a combination of ketamine with xylazine, in the pro-
portion of 0.08 ml/100g of body weight for ketamine (Ketamine Hydrochloride - 
Francotar - Virbac do Brasil Ind. e Com. Ltda.) and 0.04 ml/100g of body mass for 
xylazine (Xylazine Hydrochloride - Virbaxyl 2% - Virbac do Brasil Ind. e Com. Ltda.). 
Subsequently, the animals were submitted to trichotomy in the dorsal region where 
the implantation of the membranes occurred. The surgical field antisepsis was per-
formed with sterile gauze soaked in povidone-iodine solution.

The animals were placed in the prone position on the operating table. Four linear 
cutaneous incisions of approximately 2 cm in length were made; then the soft 
tissues were separated by divulsion with the aid of small blunt-ended scissors 
and a dissection forceps, until the surgical bed allowed the subcutaneous implan-
tation of the disk-shaped membranes (1 cm in diameter and 1 mm in thickness). 
One membrane from each group was randomly implanted in the surgical sites: 
COL (Collagen membrane – Bio Gide®, Geistlich, Wolhusen, Switzerland) – con-
trol group; BC (Biocellulose membrane - Procell, São Carlos, Brazil); BCAg (Bio-
cellulose membrane impregnated with Silver - Procell, São Carlos, Brazil); PLLA 
(Poly (L-lactic acid) membrane, Experimental MW: 128.000 gmol; MN: 70.000 
gmol)20 (Figure 1). The surgical sites were marked with tissue marker to guide the 
future removal of the samples. The insertion site for each membrane was deter-
mined randomly by lottery after the surgical site was made. After implantation 
of the membranes, the surgical sites were sutured with 4.0 silk thread (Ethicon, 
Johnson & Johnson, Brazil) and the animals were medicated postoperatively with 
an intramuscular dose of multibiotic (0.1ml/kg), and an intramuscular dose of  
Ketoflen (0.3ml/kg).
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Figure 1. Scheme of the placement of the different membranes subcutaneously in the rat’s dorsum.

Retrieval of the biopsies and descriptive histological analysis 

The animals were euthanized by anesthetic overdose at the periods of 3, 7 and 15 days 
after the surgical procedure. The soft tissue samples were removed en bloc and fixed 
in 4% paraformaldehyde for 48 hours. Subsequently, the samples were submitted to 
laboratory processing for inclusion in paraffin. Then, 5 µm-sections were captured 
and stained by the hematoxylin /eosin technique.

A total of 3 sections that were 750 µm apart from each other were evaluated. The 
sections were analyzed by a blinded evaluator at 25X, 100X and 400X magnifications 
and described according to histopathological findings. After the initial description, the 
same evaluator performed the review of the slides to confirm the findings described. 
The histological features evaluated were the presence or absence of inflammatory 
infiltrate and the severity of the inflammation when present, taking into account the 
cellular and tissue characteristics surrounding the area of ​​interest. Other pertinent 
characteristics were described as general characteristics within the analyzed groups.

Results

Collagen Membrane (COL Group)

The COL group presented epithelial discontinuity and necrotic foci in all specimens 
from the studied periods of 3 days while the subsequent periods presented fibro-
sis characteristic of the healing process. In general, only residual portions of the 
membrane were present in a few specimens after 7 days. The chronic inflamma-
tory process varied from slight at the period of 3 days to absent at the periods 
of 7 and 15 days. After the 7-day period, it was already possible to note remis-
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sion of the granulation tissue and the beginning of the tissue reorganization pro-
cess, showing a vascularized area rich in fibroblasts, compatible with the healing  
process (Figure 2).

A B C

Figure 2. COL group: A)3- day period; B)7-day period; C)15-day period. The COL group presented chronic 
inflammatory infiltrate varied from slightly at the period of 3 days to the absent at the periods of 7 and 15 
days. After the 7-day period, it was noted the beginning of the tissue reorganization process, showing a 
vascularized area rich in fibroblasts, compatible with the healing process.

Biocellulose membrane (BC Group)

The BC group presented an inflammatory infiltrate with characteristics of chronic 
inflammation, rich in mononuclear cells and its intensity varied from moderate at the 
period of 3 days to mild or absent at the subsequent periods. Some specimens of 
all the periods showed a foreign body-like reaction or a large area rich in granulation 
tissue around the membrane, with the inflammatory cells arranged in an epithelioid 
arrangement compatible with the general characteristics of epithelial discontinuity, 
probably due to suture dehiscence, and exposure of the membrane. At the 15-day 
period, histological characteristics compatible with the membrane resorption pro-
cess were observed (Figure 3).

A B C

Figure 3. BC group: A)3- day period; B)7-day period; C)15-day period. The BC group presented an 
inflammatory infiltrate varied from moderate at the period of 3 days to mild or absent at the subsequent 
periods. Some specimens of all the periods showed a foreign body-like reaction or a large area rich in 
granulation tissue around the membrane.

Biocellulose impregnated with silver (BCAg Group)

In most specimens in the BCAg group from the three studied periods, the membrane 
was associated with a moderate chronic inflammatory infiltrate, sometimes with a 
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foreign body-like reaction characteristic. All specimens at the 15-day study group 
showed discontinuity of the epithelium, compatible with suture dehiscence and this 
finding was accompanied by the visualization of fields with necrotic foci associated 
with the surgical procedure (Figure 4).

A B C

Figure 4. BC/Ag group: A)3- day period; B)7-day period; C)15-day period. The specimens of the BC/AG 
group was associated with a moderate chronic inflammatory infiltrate, sometimes with a foreign body-like 
reaction characteristic.

Poly (L-lactic acid) membrane (PLLA)

The PLLA group showed detectable membrane residues in some specimens from 
all periods. The findings of epithelial discontinuity and small necrotic foci were asso-
ciated with specimens at the 3-day period. At the 7- and 15-day periods, the histo-
logical findings showed a healing variation with the formation of fibrosis or tissue 
reorganization. No large amount of granulation tissue or foreign body reaction was 
observed in any of the periods studied. A significant finding was the detection of cell 
population in regions of the remaining membrane with no significant inflammatory 
infiltrate (Figure 5).

A B C

Figure 5. PLLA group: A)3- day period; B)7-day period; C)15-day period. The PLLA group showed detectable 
membrane residues in some specimens from all periods. No large amount of granulation tissue or foreign 
body reaction was observed in any of the periods studied. A significant finding was the detection of cell 
population in regions of the remaining membrane with no significant inflammatory infiltrate.

Discussion
In this study, it was demonstrated that BC-based membranes induced inflammatory 
reactions in greater severity and longer duration than COL and PLLA membranes. 
Despite the previous results that showed that this membrane is a good candidate 
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for GBR material13,15, these findings were not confirmed in this study. In contrast, 
PLLA-based polymeric membranes demonstrated a pattern of resorption, tissue 
integration and induction of inflammatory reactions similar to COL membranes that 
are traditionally used in the GBR technique.

The use of resorbable membranes has been described as advantageous in rela-
tion to the use of non-resorbable membranes since it is not necessary to per-
form a second surgical procedure for its removal8,9. However, some factors such 
as mechanical strength, handling properties, chemical stability, and the biological 
effects that occur in the connective tissues during the membrane degradation must 
be determinate during the assessment of a resorbable membrane21. The porcine 
collagen membranes seem to present the best properties, among the resorbable 
membranes8,21, and this justifies its use as a control group in our study. Indeed, this 
study showed that the porcine collagen membranes presented reduced signs of 
inflammatory reaction, restricted to the 3-day period, and after this period it showed 
signs of a progressive process of reorganization on the connective tissue around 
the membrane, good tissue integration, and adequate wound healing at the 15-day 
period. These findings corroborate with the results of previous pre-clinical stud-
ies21,22 that demonstrated the good biocompatibility pattern of this type of mem-
brane and this fact may be the reason for the good outcomes of the GBR in clinical 
studies performed with collagen membranes7-9.

In an attempt to demonstrate the applicability of BC membranes in GBR, previous 
studies have obtained promising results in relation to some tested characteristics 
such as cytotoxicity15, and in the healing of soft tissues23. Another pre-clinical study 
where the BC was associated with silver as a scaffold presented good outcomes in 
bone formation24, as well as in the healing of soft tissues25. However, in this study 
the BC and BC/Ag membranes induced the occurrence of a moderate inflammatory 
infiltrate at the 3-day period that changed the profile to a chronic inflammatory 
characteristic at the 15-day period, and maintained a higher level of inflamma-
tion than the COL and PLLA groups. In addition, the maintenance of the integrity 
of the membrane could not be verified in any of the periods, probably due to the 
lack of mechanical resistance. The analysis of BC/Ag membranes at 15 days also 
showed necrotic portions of the connective tissue associated with the discontinuity 
of the epithelium associated with a moderate, but persistent chronic inflamma-
tory infiltrate that is characteristic of a foreign body-like reaction. This fact pos-
sibly motivated the complete or partial expulsion of the membranes and justifies 
its absence in the final evaluation periods. The outcomes in this study could be 
reflected by the thickness of the membrane since thinner BC membranes (0.10mm 
vs. 0.15mm) have been reported to promote better outcomes and bone formation14. 
The membranes used in this study were thicker than this previous study in order 
to improve their handling properties. Furthermore, the coating of the BC membrane 
with other types of bioactive molecules may improve the biologic properties of  
this membrane15. 

It was observed in the PLLA group that the presence of remnants of this membrane 
was associated with the presence of foci of necrosis and epithelial discontinuity 
restricted to the period of 3 days. However, in the other periods, a progressive deg-
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radation of the membranes was observed with the presence of granulation tissue, 
reorganization of the connective tissue and cell population in the regions where 
the membrane remained. Therefore, the pattern of biocompatibility observed with 
this membrane was similar to that founded in the COL group. Although a previous 
pre-clinical study showed that the polymetric membranes are related to the presence 
of inflammatory reactions16, the use of PLLA has been shown to have less intense 
reactions3,17. In addition, this material has proven to be a good vehicle for coating with 
bioactive substances that can further improve its biocompatibility, degradation and 
tissue integration properties, which consequently can benefit the formation of bone 
tissue in GBR techniques3,4,17.

This study presents some drawbacks that must be considered when interpreting the 
exposed data. The analysis was limited to the assessment of biocompatibility only, 
though the effects of these specific membranes on GBR techniques still require fur-
ther information. Lastly, it is known that biological membranes can be associated 
with bioactive molecules, such as growth factors or anti-microbial materials. A pos-
sible improvement obtained by an eventual anti-microbial coating on the BC and 
BC/Ag groups should be taken into consideration. 

In conclusion, the BC and BC/Ag groups presented reduced biocompatibility since a 
foreign body-like reaction was perceived, and in some cases these membranes were 
expelled by the host. The PLLA membrane presented characteristics of biodegrada-
tion similar to the COL membranes that were characterized by a mild and reduced 
inflammatory process and good tissue integration. PLLA seems to be a suitable 
material to be used in clinical procedures as guided bone regeneration.

Author Contribution
RM – Developed the biocelulose membrane, participate of the conception of the 
research; AM and ED - Developed the poly L- lactic acid, participate of the con-
ception of the research; JD – Performed the experimental procedure and writ-
ing the paper; GJO – Conception of the study, analysis of the histological sections 
and writing of the paper; CM - Conception of the study, writing of the paper and 
supervision of the project. All the authors read and approved the final version of  
this manuscript.

References

1.	 Soldatos NK, Stylianou P, Koidou VP, Angelov N, Yukna R, Romanos GE. Limitations and options 
using resorbable versus nonresorbable membranes for successful guided bone regeneration. 
Quintessence Int. 2017;48(2):131-47. doi: 10.3290/j.qi.a37133. 

2.	 Wessing B, Lettner S, Zechner W. Guided bone regeneration with collagen membranes and 
particulate graft materials: a systematic review and meta-analysis. Int J Oral Maxillofac Implants. 
2018 Jan/Feb;33(1):87-100. doi: 10.11607/jomi.5461.  

3.	 Jang TS, Lee EJ, Jo JH, Jeon JM, Kim MY, Kim HE, et al. Fibrous membrane of nano-hybrid  
poly-L-lactic acid/silica xerogel for guided bone regeneration. J Biomed Mater Res B Appl Biomater. 
2012 Feb;100(2):321-30. doi: 10.1002/jbm.b.31952. 



9

Neto et al.

Braz J Oral Sci. 2022;21: e220616

4.	 Ikumi R, Miyahara T, Akino N, Tachikawa N, Kasugai S. Guided bone regeneration using a hydrophilic 
membrane made of unsintered hydroxyapatite and poly(L-lactic acid) in a rat bone-defect model. 
Dent Mater J. 2018 Nov;37(6):912-8. doi: 10.4012/dmj.2017-385. 

5.	 Moura JM, Ferreira JF, Marques L, Holgado L, Graeff CF, Kinoshita A. Comparison of the 
performance of natural latex membranes prepared with different procedures and PTFE membrane 
in guided bone regeneration (GBR) in rabbits. J Mater Sci Mater Med. 2014 Sep;25(9):2111-20. 
doi: 10.1007/s10856-014-5241-1. 

6.	 Sheikh Z, Qureshi J, Alshahrani AM, Nassar H, Ikeda Y, Glogauer M, et al. Collagen based barrier 
membranes for periodontal guided bone regeneration applications. Odontology.  
2017 Jan;105(1):1-12. doi: 10.1007/s10266-016-0267-0. 

7.	 Cucchi A, Vignudelli E, Napolitano A, Marchetti C, Corinaldesi G. Evaluation of complication rates and 
vertical bone gain after guided bone regeneration with non-resorbable membranes versus titanium 
meshes and resorbable membranes. A randomized clinical trial. Clin Implant Dent Relat Res.  
2017 Oct;19(5):821-32. doi: 10.1111/cid.12520. 

8.	 Meloni SM, Jovanovic SA, Urban I, Canullo L, Pisano M, Tallarico M. Horizontal Ridge Augmentation 
using GBR with a Native Collagen Membrane and 1:1 Ratio of Particulated Xenograft and Autologous 
Bone: A 1-Year Prospective Clinical Study. Clin Implant Dent Relat Res. 2017 Feb;19(1):38-45. 
doi: 10.1111/cid.12429. 

9.	 Cucchi A, Sartori M, Parrilli A, Aldini NN, Vignudelli E, Corinaldesi G. Histological and 
histomorphometric analysis of bone tissue after guided bone regeneration with non-resorbable 
membranes vs resorbable membranes and titanium mesh. Clin Implant Dent Relat Res. 2019 
Aug;21(4):693-701. doi: 10.1111/cid.12814. 

10.	 Naenni N, Berner T, Waller T, Huesler J, Hämmerle CHF, Thoma DS. Influence of wound closure  
on volume stability with the application of different GBR materials: an in vitro cone-beam  
computed tomographic study. J Periodontal Implant Sci. 2019 Feb;49(1):14-24. 
doi: 10.5051/jpis.2019.49.1.14. 

11.	 Marques MS, Zepon KM, Petronilho FC, Soldi V, Kanis LA. Characterization of membranes 
based on cellulose acetate butyrate/poly(caprolactone)triol/doxycycline and their potential for 
guided bone regeneration application. Mater Sci Eng C Mater Biol Appl. 2017 Jul;76:365-73. 
doi: 10.1016/j.msec.2017.03.095. 

12.	 Beisl S, Monteiro S, Santos R, Figueiredo AS, Sánchez-Loredo MG, Lemos MA, et al. Synthesis 
and bactericide activity of nanofiltration composite membranes - Cellulose acetate/silver 
nanoparticles and cellulose acetate/silver ion exchanged zeolites. Water Res. 2019 Feb;149:225-31. 
doi: 10.1016/j.watres.2018.10.096. 

13.	 Barud Hda S, de Araújo Júnior AM, Saska S, Mestieri LB, Campos JA, de Freitas RM, et al. 
Antimicrobial Brazilian Propolis (EPP-AF) Containing Biocellulose Membranes as Promising 
Biomaterial for Skin Wound Healing. Evid Based Complement Alternat Med. 2013;2013:703024. 
doi: 10.1155/2013/703024. 

14.	 Lee YJ, An SJ, Bae EB, Gwon HJ, Park JS, Jeong SI, et al. The effect of thickness of resorbable 
bacterial cellulose membrane on guided bone regeneration. Materials (Basel). 2017 Mar;10(3):320. 
doi: 10.3390/ma10030320. 

15.	 Marquele-Oliveira F, da Silva Barud H, Torres EC, Machado RTA, Caetano GF, Leite MN, et al. 
Development, characterization and pre-clinical trials of an innovative wound healing dressing based 
on propolis (EPP-AF®)-containing self-microemulsifying formulation incorporated in biocellulose 
membranes. Int J Biol Macromol. 2019 Sep;136:570-8. doi: 10.1016/j.ijbiomac.2019.05.135. 

16.	 Liao S, Wang W, Uo M, Ohkawa S, Akasaka T, Tamura K, et al. A three-layered nano-carbonated 
hydroxyapatite/collagen/PLGA composite membrane for guided tissue regeneration. Biomaterials. 
2005 Dec;26(36):7564-71. doi: 10.1016/j.biomaterials.2005.05.050. 



10

Neto et al.

Braz J Oral Sci. 2022;21: e220616

17.	 Peng W, Zheng W, Shi K, Wang W, Shao Y, Zhang D. An in vivo evaluation of PLLA/PLLA-gHA 
nano-composite for internal fixation of mandibular bone fractures. Biomed Mater.  
2015 Nov;10(6):065007. doi: 10.1088/1748-6041/10/6/065007. 

18.	 Goldberg DJ. Stimulation of collagenesis by poly-L-lactic acid (PLLA) and -glycolide polymer 
(PLGA)-containing absorbable suspension suture and parallel sustained clinical benefit. J Cosmet 
Dermatol. 2020 May;19(5):1172-8. doi: 10.1111/jocd.13371.

19.	 Zhao Q, Wang B, Liu R, Gong M, Dong M, Fang M, et al. Drug Release Behavior of Doxorubicin 
Hydrochloride-Loaded Poly(L-Lactic Acid)/Hydroxyapatite/Gelatin by Surface Modification of 
Hydroxyapatite. J Nanosci Nanotechnol. 2018 Oct;18(10):7225-30. doi: 10.1166/jnn.2018.15507. 

20.	 Motta ACS, Duek EAR. [Synthesis, characterization and “ in vitro” degradation of PLLA] Polímeros 
Cien Tecnol. 2006;16(1):26-32. Portuguese. doi: 10.1590/S0104-14282006000100008.

21.	 Calciolari E, Ravanetti F, Strange A, Mardas N, Bozec L, Cacchioli A, et al. Degradation pattern of a 
porcine collagen membrane in an in vivo model of guided bone regeneration. J Periodontal Res. 
2018 Jun;53(3):430-9. doi: 10.1111/jre.12530. 

22.	 Rothamel D, Benner M, Fienitz T, Happe A, Kreppel M, Nickenig HJ, et al. Biodegradation pattern and 
tissue integration of native and cross-linked porcine collagen soft tissue augmentation matrices - an 
experimental study in the rat. Head Face Med. 2014 Mar;10:10. doi: 10.1186/1746-160X-10-10. 

23.	 Leak K, Johnson S. Going green: using a bio-cellulose membrane for patients with chronic  
non-healing wounds. Br J Nurs. 2015 Nov;24 Suppl 20:S60-6. doi: 10.12968/bjon.2015.24.Sup20.S60. 

24.	 Hasan A, Waibhaw G, Saxena V, Pandey LM. Nano-biocomposite scaffolds of chitosan, 
carboxymethyl cellulose and silver nanoparticle modified cellulose nanowhiskers for 
bone tissue engineering applications. Int J Biol Macromol. 2018 May;111:923-34. 
doi: 10.1016/j.ijbiomac.2018.01.089. 

25.	 Singla R, Soni S, Kulurkar PM, Kumari A, S M, Patial V, Padwad YS, et al. In situ 
functionalized nanobiocomposites dressings of bamboo cellulose nanocrystals and silver 
nanoparticles for accelerated wound healing. Carbohydr Polym. 2017 Jan;155:152-62. 
doi: 10.1016/j.carbpol.2016.08.065. 


