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ABSTRACT
Guided bone regeneration (GBR) utilizing eggshell membrane (ESM) as a potential biomaterial for dental implant 
therapy augmentation was explored in this study. ESM, an environmentally friendly waste product, possesses colla-
gen-rich characteristics. The biocompatibility and histological responses of  ESM were investigated in a rat model. 
Twelve young adult Wistar rats were used in this study. ESM samples were implanted in subcutaneous and intramus-
cular pockets, and samples were collected at 48 hours, 4 weeks, and 8 weeks post-implantation. Histological analysis 
revealed the changes in ESM over time. Results showed that ESM maintained its structural integrity, induced a 
moderate cellular response, and exhibited slow degradation, indicating potential biocompatibility. However, the lack 
of  organized collagen arrangement in ESM led to the formation of  irregular and polymorphic spaces, allowing cell 
migration. Encapsulation of  ESM by newly proliferating collagen fibers and multinucleated giant cells was observed 
at later time points, indicating a foreign body reaction. Crosslinking might improve its performance as a separation 
membrane, as it has the potential to resist enzymatic degradation and enhance biomechanical properties. In conclu-
sion, ESM demonstrated biocompatibility, slow degradation, and lack of  foreign body reaction. While not suitable 
as a complete separation membrane due to irregular collagen arrangement, further research involving crosslinking 
could enhance its properties, making it a viable option for guided bone regeneration applications in dental implant 
therapy. This study highlights the potential of  repurposing waste materials for medical purposes and underscores the 
importance of  controlled collagen structure in biomaterial development.
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INTRODUCTION

Guided bone regeneration is the most clinically utilized and 
well-documented approach for local augmentation and defect 
restitution in the jawbone in combination with dental implant 
therapy [1]. In addition, multiple studies have indicated that the 
survival rates of  implants placed in guided bone regeneration 
(GBR)-augmented sites are comparable to those implanted in 
natural bone [2, 3]. In addition, a large cohort clinical investiga-
tion found that up to forty percent of  implant patients required 
GBR as part of  their implant therapy [2-4]. In accordance with 
clinical findings, a substantial number of  histological studies 
on various animal models demonstrate the stimulation of  bone 
growth in experimental defects treated with various forms of  
GBR barrier membranes [5, 6].

The literature has highlighted several primary limitations of  
resorbable membranes, including, but not limited to, uncon-
trolled duration of  resorption time, hard tissue, or screws to sup-
port the membrane and avoid collapse, the potential presence 
of  membrane remnants near bone and future dental implants, 
and membrane instability which may lead to impaired blood 
clot formation and healing [7]. As for the non-resorbable GBR 
membranes, the main disadvantages are the risk of  exposure, soft 
tissue ingrowth, infection of  the grafted tissue after exposure, the 
need for primary fixation, second-stage surgery for removal of  
the membrane, and an operator-sensitive approach [7, 8].

Eggshell membrane (ESM) is an abundant industrial and 
domestic waste that is environmentally acceptable, non-toxic, 
consists of  numerous natural proteins, and is modifiable by car-
bonization and dissolving [9, 10]. It has been utilized in various 
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engineering applications, including capacitors, batteries, solar 
cells, catalysis, biosensors, cell culture, wound healing, and bone 
substitutes [11].

In vivo investigations in experimental animals in subcutane-
ous tissue provide useful information on the reactions a material 
can induce at a histological level [12, 13]. The ideal biomaterial 
must have a dynamic surface that does not generate histological 
changes at the implant interface, such as reabsorbing collagen 
sutures without causing histological alterations [14]. Other qual-
ities required of  the resorbable membrane are biocompatibility 
(membrane should either degrade or integrate into the host tis-
sues), space maintainer (stable to facilitate bone healing), selective 
occlusiveness (to impede the ingrowth of  soft tissues, but allowing 
oxygen, nutrients, and other substances), easy to manipulate and 
bioactivation (membranes can have an active role into bone heal-
ing, not just a passive one) [15]. Resorption time varies in cur-
rent commercially available products from 2 months (D, L-lac-
tide-co-glycolide) to 36 months for Poly(L-lactide) membranes 
[16]. Current GBR protocols consider 4 to 6 months necessary 
for bone enhancement [17].

The aim of  this research was to evaluate the biocompatibility 
and histologic reaction of  the eggshell membrane in a subcuta-
neous and intramuscular rat model.

MATERIAL AND METHODS

Preparation of eggshell membrane  

Eggshells from Gallus domesticus were utilized for this study. 
The outer shell membrane was carefully extracted after remov-
ing the egg contents, including the yolk and albumen. The mem-
brane was treated using a 99% alcohol solution to fix and disin-
fect it. A total of  12 membrane samples, each measuring 1x1 cm, 
were produced.

Study design and experimental procedure 

Twelve young adult male Wistar rats (body weight: 120–260 
g; age: 8–10 weeks) from the Center for Experimental Medicine 
at Iuliu Hatieganu University of  Medicine and Pharmacy of  
Cluj-Napoca, Romania, were involved in the study. All proce-
dures followed the guidelines outlined in the Guide for the Care 
and Use of  Laboratory Animals by the National Institutes of  
Health. Every effort was made to reduce animal suffering, use 
fewer animals, and employ alternative in vivo methods. The an-
imals were kept in climate-controlled quarters. This study com-
plied with the ARRIVE guidelines regarding animal studies [13].

After receiving general anesthesia (10% Ketamidor, Richer 
Pharma AG, Austria, intraperitoneally), the animals were posi-
tioned prone on a wooden platform. After shaving, povidone-io-
dine was used to rinse the implantation area. The shoulder and 
hip of  each animal were dissected with a number 15 blade. After 
blunt dissection, we placed the membrane on the left side in a 
subcutaneous pocket at the shoulder level. At hip level, the biceps 
femoris muscle was exposed through blunt dissection, and a sam-
ple was inserted. Nylon sutures (5/0 Dafilon, B. Braun Melsun-
gen AG, Melsungen, Germany) were used for suturing in sepa-
rate layers to avoid influencing tissue reactions to the membrane. 

Individual boxes with food and water ad libitum were used to 
keep the animals. When the experimental periods were over, 
the animals were put to death (48h, 4 weeks, and 8 weeks) using 

an overdose of  injectable anesthetic. Biopsy samples were ob-
tained and fixed in 10% buffered formaldehyde (Sigma-Aldrich, 
Steinheim, Germany), which included the membranes and sur-
rounding tissues (with 1 cm safety margins). Following fixation, 
tissues were successively dried out, cleaned, impregnated, and 
embedded in Paraplast (Sigma-Aldrich, Steinheim, Germany). 
We cut and stained sequential 5 μm thickness sections using the 
Trichrome Goldenhar technique.

Histological assessment  

For the assessment of  the structure of  the shell membrane, we 
used a particular method of  histological processing in which we 
aimed to preserve the structure as accurately as possible. The 
tissue sample with the membrane was fixed in 10% formalin 
solution for 3 days. After fixation was completed, the pieces were 
dehydrated with ethyl alcohol, clarified with 1-Butanol, and em-
bedded in paraffin. Sections with a thickness of  5 micrometers 
were made and stained with the Goldner Trichrome method. 
Examination of  histological sections was performed under an 
Olympus BX41 (Olympus, Tokyo, Japan) microscope equipped 
with a digital image capture DSLR camera Olympus E-330.

RESULTS

Histopathologic results at 48 hours  

The shell membrane was structurally made up of  collagen fi-
bers arranged closely together but without rigorous organization. 
This connective tissue had characteristics of  dense, non-oriented 
connective tissue. Because non-oriented connective tissue does 
not have a very rigorous arrangement of  collagen fibers, it can 
be easily appreciated that this membrane can be considered a 
protective membrane but not a separating membrane, as desired 
in guided bone regeneration. In other words, this membrane has 
good mechanical strength, but the random arrangement of  col-
lagen fibers means that meshes with a rigorous shape and size are 
not defined between them but are polymorphous in shape and 
size. In this regard, the shell membrane cannot be considered an 
efficient separating membrane as desired in guided bone regen-
eration because cells can pass through the larger meshes between 
collagen fibers, whereas the separating membrane should not 
allow this.

In the subcutaneous tissue at the first harvest (48 hours), the 
shell membrane was readily visible, extending towards the prox-
imity of  deep muscle regions (Figure 1). A cellular infiltrate was 
present in the surrounding tissues and showed densification in the 
immediate vicinity of  the shell membrane (Figure 2).

The implantation area of  the shell membrane was covered 
by moderate edema, which also extended to the membrane, re-
sulting in a certain degree of  tearing. Consequently, the meshes 
delimited between the membrane fibers changed due to the pres-
sure of  the edema fluid, becoming significantly larger and highly 
polymorphic both in shape and size (Figures 3 and 4).

The gaps between the membrane fibers became so large that 
they allowed cells to easily pass from one side of  the membrane 
to the other; even more, cells could pass through the largest gaps 
at once (Figure 5 and 6).

Similar trends were observed when the membrane was im-
planted within muscle tissues, with the surrounding tissues react-
ing to the presence of  the foreign material. The area here was 
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Figure 4. Microscopic image of the eggshell membrane with a 
highly polymorphic and irregular mesh structure resulting from 
pressure of edema fluid on the shell membrane fibers at the im-
plantation site

Figure 3. Histologic aspect of an implantation site showing mod-
erate edema and tearing of the shell membrane, causing signifi-
cant changes in the mesh structure of the membrane fibers

Figure 2. Histologic image showing the dense cellular infiltration 
in the surrounding tissues of the eggshell membrane, with a no-
ticeable concentration near the shell membrane

Figure 1. Histologic aspect (20X, Trichrome Masson staining): 
subcutaneous tissue sample 48 hours after implantation, show-
ing the easily visible shell membrane extending towards the 
deep muscle

Figure 8. Edema has torn the membrane, enlarging the mesh-
work bounded by collagen fibers, allowing cells to move from 
one side to the other

Figure 7. Microscopic image of the eggshell membrane implanted 
in muscle tissue, surrounded by moderate edema and abundant 
cellular infiltrate in the immediate vicinity of the membrane, 
gradually becoming less concentrated as the distance from the 
membrane increases

Figure 6. Highly magnified image of the shell membrane fibers, 
with some gaps large enough to permit multiple cells to pass 
through at once

Figure 5. Histologic analysis showing the enlarged gaps between 
shell membrane fibers, allowing easy passage of cells across the 
membrane
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Figure 13. Microscopic image showing enlarged interfibrillar 
spaces at the level of the shell membrane due to a slow process 
of fibrinolysis, causing fragmentation of the membrane fibers

Figure 12. Close-up of the surface of an encapsulated shell mem-
brane at 8 weeks post-surgery, with multinucleated giant cells 
fused and forming a barrier around the membrane

again surrounded by moderate edema and abundant cellular in-
filtrate in the immediate vicinity of  the membrane and became 
gradually more discrete as one moved away from the membrane 
(Figure 7).

The membrane also appeared torn by edema, with significant 
enlargement of  the meshwork bounded by collagen fibers so that 
cells could move from one side of  the membrane to the other, 
individually or in groups (Figure 8).

Histological aspect at 4 weeks 

At 4 weeks postoperatively, the edema decreased in intensity, 
the cellular infiltrate was reduced, but multinucleated giant cells 
appeared, which suggests the onset of  a granulomatous reaction 
in the form of  a foreign body granuloma. It is noteworthy that 
at the level of  the shell membrane, the interfibrillar edema was 
mostly preserved so that the enlarged meshes between the colla-
gen fibers of  the shell membrane were preserved at large sizes, 
practically cancelling the function of  the separating membrane 
(Figure 9). The connective tissue around the shell membrane 
consisted mainly of  newly proliferating collagen fibers and mul-
tinucleated giant cells, with their frequency varying across cases 
and areas (Figures 10 and 11).

This connective tissue tended to organize in the form of  a thick 
connective capsule to isolate the shell membrane from surround-
ing tissues. In other words, there was a process of  encapsulation 
of  the shell membrane, which the body perceived as a foreign 
body. The body recognized the shell membrane as foreign, al-
though this recognition did not trigger severe immunological re-
actions of  rejection. Instead, the body treated it as a foreign enti-
ty, triggering a defense mechanism that temporarily encapsulated 
it to break the connection with its own tissues. This encapsulation 
gave the organism a longer period to gradually degrade the shell 
membrane until it was eliminated.

Histological aspect at 8 weeks  

At 8 weeks, the shell membrane was totally encapsulated, and 
multinucleated giant cells fused and appeared arranged near the 
membrane, which surrounded virtually the entire surface (Figure 
12). At the level of  the shell membrane, the interfibrillar spaces 
appeared even larger, and the appearance was because of  a slow 
process of  fibrinolysis taking place with fragmentation of  the fi-
bers in the membrane structure (Figure 13).

Figure 9. Onset of foreign body granuloma at 8 weeks post-sur-
gery, with preserved interfibrillar edema causing mesh enlarge-
ment and loss of separating function in the shell membrane

Figure 11. Microscopic image showing complete encapsulation of 
the shell membrane at 4 weeks post-surgery, with multinucle-
ated giant cells arranged near the membrane and surrounding 
virtually the entire surface

Figure 10. Microscopic image showing newly proliferating colla-
gen fibers and multinucleated giant cells in the connective tissue 
surrounding the shell membrane, with variation in the number 
of cells observed between different cases and areas
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newly formed bone tissue, the periosteum with abundant colla-
gen fibers had replaced it [22]. 

When evaluating the Bio-Gide® membrane, host cells were 
able to enter the natural collagen membrane's central regions 
without degrading it, according to another histologic study. As 
a result, there was no collapse of  the implantation bed caused 
by material degradation. However, the membrane successfully 
assimilated into its implantation bed. The implantation bed's 
metabolism did not significantly differ from the nearby subcuta-
neous tissue's [23]. 

A non-cross-linked collagen membrane in vivo and in vitro study 
showed that at 20 weeks after implantation, a diverging histolog-
ical picture of  the two membranes becomes apparent. The col-
lagen fibers in the first membrane, made of  highly purified non-
cross-linked porcine collagen fibers mixed with porcine elastin 
fibers, continued to be tightly packed with very little interfibrillar 
space. Blood vessels were being formed. This membrane did not 
show obvious signs of  breakdown and still maintained its integ-
rity. The second membrane (Bio-Gide® membrane), which had 
a bi-layered structure and non-cross-linked porcine Type I and 
III collagens, had a noticeable degree of  degradation, as seen on 
histological slides [24].

Cross-linked membranes resisted enzymatic degradation, ac-
cording to another study. Cross-linked membranes remained in-
tact 20 days postoperatively, while non-cross-linked membranes 
degraded steadily. Cross-linking improved collagen interactions 
and structural integrity [25].

Among other methods, physical/chemical crosslinking, ultra-
violet radiation, genipin, glutaraldehyde, and 1-ethyl-3-(3-di-
methylaminopropyl) carbodiimide hydrochloride (EDC) can 
improve collagen matrix stability and biomechanical proper-
ties. Exogenous crosslinking substances have been found to sig-
nificantly increase the stability and decrease the antigenicity of  
collagen-based tissues. The mechanical properties of  biological 
tissues are improved by the formation of  extra inter- or intramo-
lecular crosslinks within the collagen fibers [26].

To summarize, the eggshell membrane has multiple quali-
ties that would recommend it, including its relatively prolonged 
persistence over several months and its gradual biodegradation. 
Nonetheless, certain drawbacks exist, such as significant alter-
ations upon contact with bodily fluids, evidenced by edema and 
expansion of  interfibrillar spaces. These challenges might poten-
tially be mitigated through cross-linking the membrane. Unfortu-
nately, the primary limitation of  the eggshell membrane is its lack 
of  rigorous fiber arrangement, resulting in the formation of  poly-
morphic mesh patterns in terms of  size and shape. Consequent-
ly, even if  the membrane were subject to cross-linking, some of  
the interfibrillar meshes would still be of  a size that would allow 
cells to pass through the membrane. In this situation, we consider 
that the shell membrane does not provide a total separation but 
a partial one, so we do not believe it is suitable as a separating 
membrane, at least in bone tissue. However, we support its use for 
alternative purposes in relation to other types of  tissues, where it 
could be used as a protective membrane for a period to promote 
some repair processes that are somewhat slower but not as slow 
as bone regeneration.

CONCLUSION

The eggshell membrane does not determine a foreign body 
reaction. Our study showed it can be used as an occlusive barrier 

DISCUSSION

This study aimed to evaluate the histological tissue response 
of  the host to a novel resorbable membrane composed of  egg-
shell membranes. This membrane was made of  collagen, which 
is biodegradable. The arrangement of  the fibers offered good 
mechanical proprieties, but at the cellular level, the mesh allowed 
for cell migration.

Collagen fiber fragments are gradually removed by phagocy-
tosis by multinucleated giant cells, a highly active process during 
this experiment phase. However, the actual intracellular degrada-
tion of  these fiber fragments was a slow process. In this context, 
the membrane will persist for a period, which, in our opinion, 
will not be very short, but we cannot say exactly how long. What 
is certain is that the shell membrane is biodegradable and that 
degradation is slow, so from this point of  view, it would be suit-
able for use in the body because, as we know, rapid degradation 
of  collagen membranes is disadvantageous. Unfortunately, these 
qualities are insufficient to conclude that the shell membrane can 
be used as a separating membrane in guided bone repair. In addi-
tion to these qualities, the shell membrane also has disadvantages 
linked to the fact that the collagen fibers in its structure are not 
rigorously arranged. As a result, they do not form regular meshes 
of  a suitable and comparable size and subsequently do not total-
ly prevent cell migration through the membrane. The handling 
of  the membrane was relatively easy, and it would be a suitable 
candidate for clinical use from this standpoint. In addition, the fi-
bers in the structure of  the shell membrane were relatively easily 
dissociated from the body fluids that agglomerate in the area due 
to the edema triggered by the surgery required to insert the mem-
brane and, to some extent, also by the presence of  the membrane 
as a foreign body. The occlusive nature of  the membrane is some-
what limited, allowing smaller cells to traverse its mesh. However, 
this study lacks the necessary model to assess the extent to which 
this factor impacts bone healing. Further research is needed to 
fully evaluate the membrane's capacity to facilitate bone healing 
within an in vivo GBR model.

In comparison, a polylactic acid membrane showed signs of  
degradation in a study on dogs and rabbits, making it difficult 
to distinguish it in the tissue. Some inflammatory cells, primarily 
plasma, and lymphocytes, were visible in the connective tissue 
next to the membrane [18, 19].

On the other hand, a clinical study used a collagen membrane 
with a 9–12-month resorption period. Despite this, the exposed 
portion over the socket is usually resorbed before the 8-week visit. 
The socket entrance's loss of  barrier function had no clinical or 
histologic effects. Tissue healing and contours were good in this 
area. Therefore, primary closure over the socket entrance may 
not be necessary for good clinical and histologic outcomes with 
this collagen membrane [20].

A paper regarding the use of  glutaraldehyde cross-linking on 
a collagen membrane determined that this membrane began to 
be absorbed very early, and by day 15, it was fully absorbed [21]. 

In a different histologic study using the pericardium mem-
brane, the latter could still be clearly seen eight weeks later. Blood 
vessel density increased, but there were no indications of  an in-
flammatory response. On the surface of  the grafts, a connective 
tissue rich in collagen fibers replaced a natural collagen mem-
brane (Bio-Gide®, Geistlich Pharma AG, Wolhusen, Switzerland) 
that was nearly completely degraded. The pericardium mem-
brane also seemed to have mostly reabsorbed after 12 weeks. On 
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but not as a separation membrane. It proved to be a potential 
vehicle for other substances that may enhance its properties. Be-
cause it consists of  collagen, it is highly biocompatible, resorb-
able, and biodegradable by the organism.

Crosslinking may enhance the eggshell membrane properties 
to become a valid guided bone regeneration product, although 
the polymorphism of  the meshes may be an issue. Further re-
search is needed to better understand the processing steps to uti-
lize this cost-effective and readily available biomaterial.

ACKNOWLEDGMENTS

Conflict of interest
The authors declare no conflict of  interest.

Ethical approval 
The study was conducted in accordance with the Declaration 

of  Helsinki and approved by the Research Ethics Committee 
of  the Iuliu Hatieganu University of  Medicine and Pharmacy, 
Cluj-Napoca, Romania (no. 220, 09.06.2020). 

Authorship
HO and DO contributed to conceptualization, writing—orig-

inal draft preparation. MB and GB contributed to the method-
ology. FO contributed to software. FO and SB contributed to 
validation. BB and GA contributed to the formal analysis. HO 
and CD contributed to the investigation and data curation. HO 
contributed to resources.  MB and FO contributed to writing—
review and editing. SB contributed to visualization. GB and GA 
contributed to supervision. FO and BB contributed to project ad-
ministration. All authors have read and agreed to the published 
version of  the manuscript. 

REFERENCES

1.	 Carpio L, Loza J, Lynch S, Genco R. Guided Bone Regeneration around Endosseous 
Implants with Anorganic Bovine Bone Mineral. A Randomized Controlled 
Trial Comparing Bioabsorbable versus Non-Resorbable Barriers. J Periodontol. 
2000;71:1743–1749. doi:10.1902/JOP.2000.71.11.1743

2.	 Hong J-Y, Shin E-Y, Herr Y, Chung J-H, et al. Implant Survival and Risk Factor 
Analysis in Regenerated Bone: Results from a 5-Year Retrospective Study. J 
Periodontal Implant Sci.  2020;50:379. doi:10.5051/JPIS.2002140107.

3.	 Mengel R, Eckert A, Greene B, Thöne-Mühling M. Implants in GBR-Augmented 
Sites in Patients Treated for Generalized Aggressive Periodontitis: A 10- to 20-Year 
Prospective Case Series. Int J Periodontics Restorative Dent. 2022;42:243–250. 
doi:10.11607/PRD.4735.

4.	 Jung RE, Fenner N, Hämmerle CHF, Zitzmann NU. Long-Term Outcome of  
Implants Placed with Guided Bone Regeneration (GBR) Using Resorbable and Non-
Resorbable Membranes after 12-14 Years. Clin Oral Implants Res. 2013;24:1065–
1073. doi:10.1111/J.1600-0501.2012.02522.X.

5.	 Omar O, Elgali I, Dahlin C, Thomsen P. Barrier Membranes: More than the Barrier 
Effect? J Clin Periodontol. 2019;46:103–123. doi:10.1111/jcpe.13068.

6.	 Dimitriou R, Mataliotakis GI, Calori GM, Giannoudis PV. The Role of  Barrier 
Membranes for Guided Bone Regeneration and Restoration of  Large Bone 

Defects: Current Experimental and Clinical Evidence. BMC Med. 2012;10:81. 
doi:10.1186/1741-7015-10-81.

7.	 Sbricoli L, Guazzo R, Annunziata M, Gobbato L, et al. Selection of  Collagen 
Membranes for Bone Regeneration: A Literature Review. Materials. 2020;13:1–16. 
doi:10.3390/ma13030786.

8.	 Soldatos NK, Stylianou P, Koidou P, Angelov N, et al. Limitations and Options 
Using Resorbable versus Nonresorbable Membranes for Successful Guided Bone 
Regeneration. Quintessence Int. 2017;48. doi:10.3290/j.qi.a37133.

9.	 Waheed M, Yousaf  M, Shehzad A, Inam-Ur-Raheem M, et al Channelling Eggshell 
Waste to Valuable and Utilizable Products: A Comprehensive Review. Trends Food 
Sci Technol. 2020;106:78–90. doi:10.1016/J.TIFS.2020.10.009.

10.	 Opris H, Bran S, Dinu C, Baciut M, et al. Clinical Applications of  Avian Eggshell-
Derived Hydroxyapatite. Bosn J Basic Med Sci. 2020;20.

11.	 Park S, Choi KS, Lee D, Kim D, et al. Eggshell Membrane: Review and 
Impact on Engineering. Biosyst Eng. 2016;151:446–463. doi:10.1016/J.
BIOSYSTEMSENG.2016.10.014.

12.	 Gabrielson K, Maronpot R, Monette S, Mlynarczyk C, et al. In Vivo Imaging 
With Confirmation by Histopathology for Increased Rigor and Reproducibility in 
Translational Research: A Review of  Examples, Options, and Resources. ILAR J. 
2018;59:80. doi:10.1093/ILAR/ILY010.

13.	 Opris H, Dinu C, Baciut M, Baciut G, Mitre I, Crisan B, Armencea G, Prodan 
DA, Bran S. The Influence of  Eggshell on Bone Regeneration in Preclinical In Vivo 
Studies. Biology. 2020;9:476. doi:10.3390/biology9120476.

14.	 Álvarez-Ortega O, Ruiz-Ramírez LR, Garibay-Alvarado JA, ey al. Preliminary 
Biocompatibility Tests of  Poly-ε-Caprolactone/Silver Nanofibers in Wistar Rats. 
Polymers. 2021;13:1135. doi:10.3390/polym13071135.

15.	 Caballé-Serrano J, Munar-Frau A, Ortiz-Puigpelat O, Soto-Penaloza D, et al. On the 
Search of  the Ideal Barrier Membrane for Guided Bone Regeneration. J Clin Exp 
Dent. 2018;10:e477–e483. doi:10.4317/jced.54767.

16.	 Hutmacher D, Hürzeler MB, Schliephake H. A Review of  Material Properties 
of  Biodegradable and Bioresorbable Polymers and Devices for GTR and GBR 
Applications. Int J Oral Maxillofac. Implants 1996;11:667–678.

17.	 Ren Y, Fan L, Alkildani S, Liu L, et al. Barrier Membranes for Guided Bone 
Regeneration (GBR): A Focus on Recent Advances in Collagen Membranes. Int J 
Mol Sci. 2022;23.

18.	 Imbronito AV, Todescan JH, Carvalho CV, Arana-Chavez VE. Healing of  Alveolar 
Bone in Resorbable and Non-Resorbable Membrane-Protected Defects. A Histologic 
Pilot Study in Dogs. Biomaterials. 2002;23. doi:10.1016/S0142-9612(02)00145-X.

19.	 Vacaras S, Baciut G, Gheban D, Bran S, et al. Engaging a Polylactide Copolymer 
in Oral Tissue Regeneration: First Validation of  Suprathel® for Guided Epithelial 
and Osseous Healing. J Med Life. 2021;14:181–197. doi:10.25122/jml-2021-0083.

20.	 Arbab H, Greenwell H, Hill M, Morton D, et al. Ridge Preservation Comparing 
a Nonresorbable Ptfe Membrane to a Resorbable Collagen Membrane: A 
Clinical and Histologic Study in Humans. Implant Dent. 2016;25. doi:10.1097/
ID.0000000000000370.

21.	 Veríssimo DM, Leitão RFC, Ribeiro RA, Figueiró SD, et al. Polyanionic Collagen 
Membranes for Guided Tissue Regeneration: Effect of  Progressive Glutaraldehyde 
Cross-Linking on Biocompatibility and Degradation. Acta Biomater. 2010;6. 
doi:10.1016/j.actbio.2010.04.012.

22.	 Rothamel D, Schwarz F, Fienitz T, Smeets R, et al. Biocompatibility and 
Biodegradation of  a Native Porcine Pericardium Membrane: Results of  in Vitro and 
in Vivo Examinations. Int J Oral. Maxillofac Implants 2012;27:146–154.

23.	 Ghanaati S. Non-Cross-Linked Porcine-Based Collagen I-III Membranes Do Not 
Require High Vascularization Rates for Their Integration within the Implantation 
Bed: A Paradigm Shift. Acta Biomater. 2012;8. doi:10.1016/j.actbio.2012.04.041.

24.	 Bozkurt A, Apel C, Sellhaus B, van Neerven S, Wessing B, Hilgers RD, Pallua N. 
Differences in Degradation Behavior of  Two Non-Cross-Linked Collagen Barrier 
Membranes: An in Vitro and in Vivo Study. Clin Oral Implants Res. 2014;25. 
doi:10.1111/clr.12284.

25.	 Ahn JJ, Kim HJ, Bae E Bin, Cho WT, et al. Evaluation of  1-Ethyl-3-(3-
Dimethylaminopropyl) Carbodiimide Cross-Linked Collagen Membranes for 
Guided Bone Regeneration in Beagle Dogs. Materials. 2020;13. doi:10.3390/
ma13204599.

26.	 Bottino MC, Thomas V, Schmidt G, Vohra YK, et al. Recent Advances in the 
Development of  GTR/GBR Membranes for Periodontal Regeneration - A 
Materials Perspective. Dental Materials. 2012;28.


