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Introduction:-
Periodontal disease if left untreated leads to the progressive destruction of the periodontal tissue and is a major cause
of tooth loss in adults. The conventional periodontal therapies has been successful in ameliorating the active disease
but the outcomes are variable and results in several repair pattern that does not restore the normal function of the
periodontal tissue.

It was Melcher in 1976, who postulated that, the type of cell which repopulates the root surface after periodontal
surgery determines the nature of the attachment that will form [1]. Aukhil and colleagues (1988) showed that each
cell type results in a specific type of repair or regeneration of gingival epithelium: LJE, bone ankylosis, root
resorption, and PDL regeneration (bone, cementum, and PDL)[2].
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In periodontal situations, formation of a long junctional epithelium is the most common form of tissue repair and a
typical outcome of traditional periodontal surgery [3]. While regeneration is an ideal outcome of periodontal
surgery, the classical studies by Karring (1980, 1982) [4,5], Nyman ( 1980 ) [6], Polson & Caton (1982) [7], Lindhe
(1982)[8] & Warrer (11993 ) [9] further clarified that the cells from PDL have the potential for regeneration of the
attachment apparatus of the tooth. Also, it was emphasized that the migration of the epithelium into the periodontal
defect impedes the re-establishment of the normal connective tissue attachment.The necessity for exclusion of
epithelial and connective tissue cells of the gingiva from the wound led to development and application of GTR
membranes.

Biologic Concept of GTR:

Currently, GTR therapy has emerged as a crucial and accepted as superior to conventional procedures. Guided tissue
regeneration with the use of barrier membranes works on the principle of cell exclusion to obtain a secluded,
physically protected surgical niche to foster progenitor cell differentiation into osteoblasts, fibroblasts and
cementoblasts [10].

These barrier membranes must exhibit certain essential physical and mechanical properties such as biocompatibility,
cell-occlusiveness, tissue integration, space making and should be clinically manageable, thereby allowing the
clinician to conduct the surgical procedure without any undue difficulty [11].

Membranes from different biomaterials have been developed and modified and several authors have reported
considerable periodontal regeneration following the use of GTR strategies in well selected clinical cases. However,
the variations observed in the results have been attributed to the differences in the case selection, surgical skill and
post surgical factors [12].

The review is an attempt to analyze commercially available different biomaterials till date for the GTR and their
clinical outcomes as evidenced by different studies.

GTR Biomaterials:
For the propaedeutic purpose, GTR membranes have been broadly classified into two major categories as non
resorbable and resorbable membranes.

Guided tissue regeneration using Non Resorbable Barriers:
The non-resorbable GTR barriers, is represented by synthetic and metallic membranes processed in thin layers.
These include expanded polytetrafluoroethylene (ePTFE), the dense PTFE (dPTFE) and titanium sheets or meshes.

The first material clinically used to test the hypothesis of GTR, was cellulose acetate laboratory filter (Millipore
filter) and ePTFE (Gore- Tex) [13,14] which showed successful regeneration of the alveolar bone and new
attachment of new cementum with inserting PDL fibres .

ePTFE is manufactured from polytetrafluoroethylene, when it is subjected to high tensile stress forming porous
microstructure of solid nodes & fibrils. Owing to its inertness, biocompatibility, nonadhesiveness, mechanical
strength and hydrophobicity, it has been accepted as gold standard for human and animal comparative studies. [15]

Numerous clinical research have evidenced the benefits of ePTFE membranes when used alone [16] or in
combination with bone substitutes [17,18] including gain in clinical attachment and horizontal and vertical bone fill.

The high density PTFE (d-PTFE — TefGen) developed in 1993 from the pure medical grade & inert PTFE having a
pore size of 0.3y, offers an improved alternative to ePTFE membranes as they are non expanded, non —permeable
and can be removed with the gentle tug.

It prevents periodontopathogenic bacteria adhesion [19] and assures good bone regeneration even when the

membrane is exposed to the oral cavity [20]. The limitation with d-PTFE membranes is their tendency to collapse
into the defect.
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The Gore-Tex ePTFE has been reinforced with titanium to overcome the problem caused by the compression or the
displacement of the graft during the post-op period [21], to increase the mechanical strength and tent like effect for
the defect morphology that does not create an adequate space.

They are often used to contain the autogenous and the allografts when the bone is damaged or can be used in staged
/non staged approach with dental implants to gain bone volume. Recently, a clinical study reported that GTR with
Ultra thin pure titanium mesh (Ultra-Ti) in intrabony defects, yielded significant RAL gain, PD reduction and bone
fill when compared to OFD [22].

The disadvantage with these membranes is increased risk of exposure due to their stiffness. A recent case series
study of 4 patients [23] reported that by partial removal of the exposed titanium mesh while leaving the remainder to
continue the regenerative process, the bone volume reached a level that was adequate for dental implants. Yet
another benefit of exposure removal is to create a hygienic space for the implant.

Regrettably, the non resorbable membranes requires second surgery for membrane retrieval further implicating
discomfort and pain to the patient and also jeopardizing the maturation of the new and sensitive regenerated tissue.
This led to the development of absorbable membranes.

Guided Tissue Regeneration Using Resorbable Barriers:

Recently, absorbable membrane are degraded in-vivo which starts immediately upon placement in the surgical site
and the rate may vary considerably ( between 4 weeks and several months ) particularly for those materials that are
degraded enzymatically[24]. Both the natural and the synthetic membranes have been tested for GTR.

Synthetic resorbable GTR membranes are organic aliphatic thermoplastic polymers, most commonly poly-a-
hydroxy acids, which include polylactic (PLA), polyglycolic acid (PGA) and their copolymers [24].The
biodegradation of these membranes occurs by hydrolysis releasing lactic acid and glycolic acid which are eliminated
through Krebs cycle as carbon dioxide and water.[25]. The degradation rate of these membranes can be tuned
through the addition of lactides and glycols to the polymer chain [26].

To date a wide range of polymeric membranes have been used in the clinical settings and has proved their efficacy
in various periodontal defects. Guidor, made of polylactic acid and a citric acid ester acetyl tributylcitrate was the
first to appear in the market. The membrane was removed from the market possibly because of foreign body reaction
following degradation.

Hybrid membranes like Resolute (copolymer of lactide and polyglycolide), Epiguide a poly(D,L-lactic acid)
PDLLA asymmetric composite membrane containing the Bioglass [27], Atrisorb, only GTR membrane
manufactured chairside, PCL membrane (polycaprolactone ) or poly trimethylene caronate (TMC) incorporating
calcium carbonate nanofibres [28], PCL membranes with silica xerogel [29] and SPCL bilayered membranes ( a
blend of starch and PCL functionalized with Si )[30] have shown excellent cellular response in terms of proliferation
and differentiation of pre-osteoblast cells and a much higher bone formation rate. Some of the shortcomings of these
membranes include lack of tissue integration, inflammation at the flap margins and frequent recession during
healing.

Natural biomaterials have been recently explored as GTR membranes. They can be collagen based, alginate/
chitosan based or platelet based barrier membranes.

Collagen based membranes derived from human skin animal (porcine & bovine), tendons or intestines have gained
increased popularity owing to its auspicious biological properties as low immunogenicity, chemotactic for
fibroblasts, extensibility and high tensile strength [31]. Most of the commercially available collagen membranes are
manufactured from Type | and Type Il or a combination of both.

Taking into consideration their poor performance in vivo, in terms of controlling degradation rate, lack of
mechanical strength and space making ability in the absence of adequate bone support [32], various physical/
chemical cross linking methods have been proposed ensuring improved biomechanical property, matrix stability and
degradation rate which is proportional to the number of crosslink [33].
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Despite of their effectiveness, cross linking with glutaraldehyde has shown increased cytotoxicity owing to the
release of glutaraldehyde during degradation [34].

Alginate based membranes have been developed for GBR in situ [35] and have shown significant new bone
formation while avoiding growth of the soft tissue.

Similarly, chitosan a natural occurring biopolymer has been found to be processed into membranes owing to its
biocompatibility and biodegradability. Various modifications were made to improve the bioactivity as chitosan
based membrane with a coating of alginate [36], asymmetric porous membrane [37], chitosan membrane coated with
calcium silicate [38] ,with bioactive glass [39] and novel zinc doped chitosan-HA [40].

Although the natural biomaterials have excellent biocompatibility with cellular binding sites but have low
mechanical strength but synthetic biomaterials have tunable degradation rates and mechanical properties, but lack
cellular binding motif [41].

Nanotechnology in GTR:

The critical drawbacks of the aforementioned biomaterials strongly emphasized the need for both bioactive and
multilayered membranes that aim to not only meet the adequate mechanical properties and degradation rate but also
to deliver the biomolecules (antimicrobials and growth factors) and/or stem cells in order to amplify the regenerative
potential. With the introduction of the nanotechnologies, the traditional biomaterials are modified or combined with
the nanobiomaterials to provide a suitable scaffold system for osteoconduction and osteointegration to induce
functional periodontal tissue regeneration.

These nanobiomaterials offer a larger surface area to volume ratio, increased wettability and protein adsorption
when compared to the conventional biomaterials [42]. Also, a well defined nanofibrous network and nanofibrous
scaffold holds an enormous potential to drive the regeneration of periodontal tissue. For example, parallel
nanogrooves or nanofibres are associated with the alignment and cell migration while nanopits direct cell
morphology and differentiation [43]. Also, the imitation of fibre alignment is critical for PDL regeneration.

Electrospinning, discovered by Formals in 1938 is a simple and effective method to prepare a 3D nanofibrous matrix
with a high surface area, improved hydrophilicity and wettability [44]. The nanofibrous scaffolds mimics the
architecture of the ECM of PDL, positively encourages cell-extracellular matrix interactions, increase cell
proliferation rate, maintain cell phenotype, support stem cell differentiation and activate cell-signaling pathways by
providing physical and chemical stimuli to cells [45].

Since, electrospinning controls cell orientation on the surface of the matrix, channel containing scaffold [46] and 3D
printing micro channel fibres guiding scaffolds [47] were developed to induce the partial alignment of the fibres,
however, no in vivo results could confirm the guiding function of 3D printing scaffold.

Recently, a novel spatially designed and functionally graded bioactive periodontal membrane with a layered
structure synthesized via sequential layer by layer process by spinning different polymers solution one at a time was
introduced by Bottino et.al.2011 [48]. The functionally graded membrane (FGM) comprises of a core layer (CL) and
two bioactive surface layer (SL) interfacing with bone containing nano-hydroxyapatite (n-HAp) to enhance
osteoconductivity and epithelium containing metronidazole (MET) to inhibit the bacterial colonization. The CL
comprises of poly (DL-lactide-co-¢-caprolactone) (PLCL) layer surrounded by two composite layers composed of a
protein/polymer ternary blend (PLCL: PLA : GEL) [48].

Moonesi Rad R et.al [49] developed a novel FGM comprising of cellulose acetate layer prepared gelatin and 7%
boron- modified bioactive glass (7B- BG) nanoparticles prepared by electrospinning when characterized by
scanning electron microscopy (SEM) and spectroscopy revealed increased surface wettability, biodegradability,
better attachment, spreading, and proliferation of human dental pulp stem cells, increase in Ca—P layer formation
and higher alkaline phosphatase (ALP) enzyme activity of cells.
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Drugs and Growth Factors Incorporating Membranes:

Since most of the therapeutic modalities are aimed at specific aspect of the periodontal disease and that the extended
use of systemic antibiotics after GTR operation to prevent bacterial contamination poses significant limitations such
as development of bacterial strain resistance.

With the tissue engineering approach, several investigators have developed a biodegradable polymer based scaffold
incorporating bioactive (drugs and growth factors) molecules to provide signals for tissue regeneration, to stimulate
the innate regenerative capacity and to reduce the risk of failure of regenerative procedure on exposure of the
membrane to the oral cavity.

The release system can be classified into monodrug and multidrug delivery system based on the number of drugs to
be delivered.

Various monodrug delivery system incorporating growth factors like stromal-cell-derived factor 1 (SDF-1) [50],
rhGDF- 5/beta TCP [51] and BMP-2 [52] has been developed to facilitate recruitment of host mesenchymal and
hematopoietic stem cells and bone regeneration.

Since the bioactivity of the incorporated bioactive agents is often reduced after the fabrication process and the non
conventional methods of incorporation could not control the burst release, a nanosphere encapsulated microsphere
system for bone regeneration is developed where BMP-2 bound to heparin and was encapsulated into heparin
conjugated gelatin nanospheres which were immobilized in nanofibrous microspheres [53].

Further, incorporation of antibacterial substances showed reduced biofilm formation, prevented bacterial
contamination and increased attachment of periodontal ligament cells even in the presence of periodontal pathogens
[54]. In a recent SEM analysis by Chen CF 2015 [55], showed that incorporating amoxicillin or tetracycline greatly
reduces adhesion of S. mutans or A. actinomycetemcomitans on ePTFE, glycolide or collagen membranes. The
proven efficacy of tetracyclines is due to its antibacterial and non-bacterial properties like anti-collagenase, anti-
inflammatory, osteoclast inhibitory and fibroblast stimulation thereby prolonging the degradation time of collagen
membranes which is desirable in clinical situations were membranes are to be retained for prolonged duration of
time [56].

Further, incorporating 25% doxycycline and dexmethasone in the bilayered electrospun poly(lactic co-glycolic
acid) (PLGA) membranes with nanofibres had shown significant osteogenic potential, increased ALP and
osteocalcin activity, calcium deposition [57].

However, the bacteria found on GTR membranes includes a wide variety of Gram-positive and Gram-negative
bacteria and is negatively associated with gingival recession and loss of clinical attachment. A multidrug delivery
system was developed loaded with four different drugs (metronidazole, ketoprofen, doxycycline and simvastatin)
separately in different layers of a slower eroding polymer system composed of cellulose acetate phthalate and
Pluronic F -127 [58].

Another multiphase drug delivery carrier developed is lovastatin loaded into PGLA microspheres encapsulated in a
tetracycline loaded chitosan which has been shown to control infection, inflammation and facilitate osteogenic
potential [59].

A particulate based drug delivery system is developed were the bioactive reagents in particulates are incorporated
into a scaffold. In this system, IGF-1 loaded in alginate microparticles and BMP-6 loaded in PLGA microparticles
which were incorporated into a chitosan scaffold [60].

Amniotic membranes have also shown antibacterial properties in addition to its anti-inflammatory, antifibrotic, low
immunogenicity and angiogenic properties. A recent study, by Ashraf H et.al 2019 reported that the antibacterial
property of the amnion chorion membrane (Bio Xclude) may be beneficial in the early wound healing and is as
bactericidal as paper discs inoculated with tetracycline at its minimum bactericidal concentration [61].
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Immunomodulatory Biomaterials:

It is recently, that an immunomodulatory scaffold is developed for alveolar bone regeneration targeting the
macrophages that play an important role in activation and the resolution of the inflammation. These macrophages
are capable of switching from classically activated pro-inflammatory M1 phenotype to pro-healing M2 phenotype
and IL-4 is an effective cytokine to bring about this change. In this system, since IL-4 has a binding domain for the
heparin, the nanofibrous heparin modified gelatin microspheres were incorporated with 1L-4 thereby prolonging the
denaturation and degradation of IL-4 for its sustained release. This immunomodulatory biomaterial has been found
to be promising in potentiating new bone formation [62].

GTR and Stem Cell Therapy:

As previous studies have clarified that the cells from the periodontal ligament have the potential to induce the
formation of new tissue, the hybrid tissue engineering technology and GTR technique has pleaded the development
of biomimmetic scaffolds with the incorporation of the progenitor stem cells. Different types of cells, including bone
marrow derived mesenchymal stem cells(tBMSC’s) [63], periodontal ligament stem cells (PDLSC’s) [64] and dental
pulp stem cells (DPSC’s) for scaffold free and scaffold based approaches. Scaffold free approach had the limitation
of diffusion of the cells out of the defect. However, in the scaffold based or cell sheet technique where the cells are
entrapped in the ECM and is capable of inducing significant bone formation than cells suspension by preventing
migration of the cells [65].

Conclusion and Future Perspective:-

Guided tissue regeneration has come a long way with the clear understanding of basic biology of periodontal
regeneration. To overcome the structural and the biomechanical limitations of the biodegradable and non-
biodegradable membranes, biomimmetic scaffolds were developed. Although the regenerated periodontal tissue
could simulate the natural periodontal tissue, but none of the scaffolding system could regenerate Sharpey’s fibre
without which the tooth will be unstable and will not be able to bear the brunt of the occlusal forces.

Also, there are only few studies that have reported the outcomes for the use of GTR combined with bone graft
material or tissue engineering strategies on horizontal bone loss regeneration [66]. There is an urge for more clinical
studies to further validate the use of the novel biomaterials to be able to completely restore the functionality of the
damaged periodontium at micro and nanoscale level.

Despite these problems, GTR has emerged as predictable alternative for the treatment of the periodontal defects.
With the hope of overcoming these challenges we will be able to provide promising health care to the patients.

References:-

1. Melcher AH. On the repair potential of periodontal tissues. J Periodontol. 1976;47(5):256-60.

2. Aukhil I, Iglhaut J. Periodontal ligament cell kinetics following experimental regenerative procedures. Journal
of Clinical Periodontology. 1988 Jul;15(6):374-82.

3. Caton JG, Zander HA. The attachment between tooth and gingival tissues after periodic root planing and soft
tissue curettage. Journal of Periodontology. 1979 Sep;50(9):462-6.

4. Karring T, Nyman S, Thilander B, Magnusson |. Bone regeneration in orthodontically produced alveolar bone
dehiscences. Journal of Periodontal research. 1982 Jun;17(3):309-15.

5. Karring T, Nyman S, Lindhe J. Healing following implantation of periodontitis affected roots into bone tissue.
Journal of clinical periodontology. 1980 Apr;7(2):96-105.

6. Nyman S, Karring T, Lindhe J, Plantén S. Healing following implantation of periodontitis-affected roots into
gingival connective tissue. Journal of clinical periodontology. 1980 Oct;7(5):394-401.

7. Lindhe J, Westfelt E, Nyman S, Socransky SS, Heijl L, Bratthall G. Healing following surgical non-surgical
treatment of periodontal disease: A clinical study. Journal of clinical periodontology. 1982 Apr;9(2):115-28.

8. Warrer K, Karring T, Gotfredsen K. Periodontal ligament formation around different types of dental titanium
implants. 1. The self-tapping screw type implant system. Journal of periodontology. 1993 Jan;64(1):29-34.

9. Polson AM, Caton J. Factors influencing periodontal repair and regeneration. Journal of periodontology. 1982
Oct;53(10):617-25.

10. Sculean A, Nikolidakis D, Schwarz F: Regeneration of periodontal tissues: combinations of barrier membranes
and grafting materials — biological foundation and preclinical evidence: a systematic review. J Clin Periodontol
2008;35:106-116.

1071



ISSN: 2320-5407 Int. J. Adv. Res. 8(07), 1066-1074

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

3L

32.

33.

34.

Hardwick R, Hayes BK, Flynn C. Devices for dentoalveolar regeneration: an up-to-date literature review.
Journal of periodontology. 1995 Jun;66(6):495-505.

Bashutski JI, Oh TJ, Chan HL, Wang HL. Guided tissue regeneration: a decision-making model. Journal of the
International Academy of Periodontology. 2011 Jul;13(2):48-57.

Nyman S, Lindhe J, Karring T, Rylander H. New attachment following surgical treatment of human periodontal
disease. Journal of clinical periodontology. 1982 Aug;9(4):290-6.

Gotlow J, Nyman S, Karring T. New attachment formation in human periodontium by guided tissue
regeneration. J Clin Periodontol. 1984;11:494-503.

Babo PS, Pires RL, Reis RL, Gomes ME. Membranes for periodontal tissues regeneration. Ciéncia &
Tecnologia dos Materiais. 2014 Jul 1;26(2):108-17.

Pontoriero R, Nyman S, Ericsson I, Lindhe J. Guided tissue regeneration in surgically-produced furcation
defects: An experimental study in the beagle dog. Journal of Clinical Periodontology. 1992 Mar;19(3):159-63.
Anderegg CR, Martin SJ, Gray JL, Mellonig JT, Gher ME. Clinical evaluation of the use of decalcified
freeze-dried bone allograft with guided tissue regeneration in the treatment of molar furcation invasions. Journal
of periodontology. 1991 Apr;62(4):264-8.

SCHALLHORN RG, MCCLAIN PK. Periodontal regeneration using combined techniques. Periodontology
2000. 1993 Feb;1(1):109-17.

Sela MN, Steinberg D, Klinger A, Krausz AA, Kohavi D. Adherence of periodontopathic bacteria to
bioabsorbable and non-absorbable barrier membranes in vitro. Clinical oral implants research. 1999
Dec;10(6):445-52.

Ghensi P, Stablum W, Bettio E, Soldini MC, Tripi TR, Soldini C. Management of the exposure of a dense
PTFE (d-PTFE) membrane in guided bone regeneration (GBR): a case report. ORAL & implantology. 2017
Jul;10(3):335.

Donos N, Kostopoulos L, Karring T. Alveolar ridge augmentation by combining autogenous mandibular bone
grafts and non-resorbable membranes: An experimental study in the rat. Clinical Oral Implants Research. 2002
Apr;13(2):185-91.

Khanna R. Pure titanium membrane (ultra - Ti((R))) in the treatment of periodontal osseous defects: a split-
mouth comparative study. J. Clin. Diagn. Res. 2016;10(9) ZC47-ZC51

Al-Ardah AJ, AlHelal A, Proussaefs P, AlBader B, Al Humaidan AA, Lozada J. Managing titanium mesh
exposure with partial removal of the exposed site: a case series study. Journal of Oral Implantology. 2017
Dec;43(6):482-90.

Andrej Aurer, Ksenija Jorgic- Srdjak. Membranes for periodontal regeneration. Acta Stomatol Croat, VVol.39,br.
1, 2005:105-112

Athanasiou KA, Niederauer GG, Agrawal CM. Sterilization, toxicity, biocompatibility and clinical applications
of polylactic acid/polyglycolic acid copolymers. Biomaterials. 1996 Jan 1;17(2):93-102.

Louis PJ, Gutta R, Said-Al-Naief N, Bartolucci AA. Reconstruction of the maxilla and mandible with
particulate bone graft and titanium mesh for implant placement. Journal of Oral and Maxillofacial Surgery.
2008 Feb 1;66(2):235-45.

A.l. Leal, S.G. Caridade, J. Ma, N. Yu, M.E. Gomes, R.L. Reis, J.A. Jansen, X.F. Walboomers, J.F. Mano, Dent
Mater. 29, 4 (2013)

Fujihara K, Kotaki M, Ramakrishna S. Guided bone regeneration membrane made of polycaprolactone/calcium
carbonate composite nano-fibers. Biomaterials. 2005 Jul 1;26(19):4139-47.

Lee EJ, Teng SH, Jang TS, Wang P, Yook SW, Kim HE, Koh YH. Nanostructured poly (¢-caprolactone)-silica
xerogel fibrous membrane for guided bone regeneration. Acta biomaterialia. 2010 Sep 1;6(9):3557-65.
Requicha JF, Moura T, Leonor IB, Martins T, Mufioz F, Reis RL, Gomes ME, Viegas CA. Evaluation of a
starch-based double layer scaffold for bone regeneration in a rat model. Journal of Orthopaedic Research. 2014
Jul;32(7):904-9.

Gentile P, Chiono V, Tonda-Turo C, Ferreira AM, Ciardelli G: Polymeric membranes for guided bone
regeneration. Biotechnol J 2011;6:1187-1197..

Hockers T, Abensur D, Valentini P, Legrand R, Hdmmerle CH. The combined use of bioresorbable membranes
and xenografts or autografts in the treatment of bone defects around implants. A study in beagle dogs. Clinical
oral implants research. 1999 Dec;10(6):487-98.

Minabe M, Kodama T, Kogou T, Tamura T, Hori T, Watanabe Y, Miyata T. Different cross-linked types of
collagen implanted in rat palatal gingiva. Journal of Periodontology. 1989 Jan;60(1):35-43.

H. Tal, O. Moses, A. Kozlovsky, C. Nemcovsky, in: H. Tal (Eds.), Bone Regeneration, InTech, 2012, pp. 112-
137

1072



ISSN: 2320-5407 Int. J. Adv. Res. 8(07), 1066-1074

35.

36.

37.

38.

39.

40.

41,

42,

43.

44,

45,

46.

47.

48.

49,

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

Ishikawa K, Ueyama Y, Mano T, Koyama T, Suzuki K, Matsumura T. Self-setting barrier membrane for guided
tissue regeneration method: initial evaluation of alginate membrane made with sodium alginate and calcium
chloride aqueous solutions. Journal of biomedical materials research. 1999 Nov;47(2):111-5.

Chen TW, Chang SJ, Niu GC, Hsu YT, Kuo SM. Alginate-coated chitosan membrane for guided tissue
regeneration. Journal of applied polymer science. 2006 Dec 5;102(5):4528-34.

Hong H, Wei J, Liu C. Development of asymmetric gradational-changed porous chitosan membrane for guided
periodontal tissue regeneration. Composites Part B: Engineering. 2007 Apr 1;38(3):311-6.

A.F. Fraga, E.d.A. Filho, E.C.d.S. Rigo, A.O. Boschi, Appl Surf Sci. 257, 9 (2011).

Mota J, Yu N, Caridade SG, Luz GM, Gomes ME, Reis RL, Jansen JA, Walboomers XF, Mano JF.
Chitosan/bioactive glass nanoparticle composite membranes for periodontal regeneration. Acta biomaterialia.
2012 Nov 1;8(11):4173-80.

Abdullahi I, Zainol I. In situ synthesis, characterization, antimicrobial activity and in vitro bioactivity of
chitosan hydroxyapatite composite doped with zinc. Journal of Chemical Society of Nigeria. 2019 Aug
24;44(4).

Wang J. Biodegradable polymer membranes applied in guided bone/tissue regeneration: a
review. Polymers. 2016;8(4)

Cheng Q, Rutledge K, Jabbarzadeh E. Carbon nanotube—poly (lactide-co-glycolide) composite scaffolds for
bone tissue engineering applications. Annals of biomedical engineering. 2013 May 1;41(5):904-16.

Dalby MJ, Gadegaard N, Tare R, Andar A, Riehle MO, Herzyk P, Wilkinson CD, Oreffo RO. The control of
human mesenchymal cell differentiation using nanoscale symmetry and disorder. Nature materials. 2007
Dec;6(12):997-1003.

Li WJ, Cooper JA Jr, Mauck RL, Tuan RS: Fabrication and characterization of six electrospun poly(alpha-
hydroxy ester)-based fibrous scaffolds for tissue engineering applications. Acta Biomater 2006;2:377-385.
Venugopal J, Low S, Choon AT, Kumar TSS, Ramakrishna S: Mineralization of osteoblasts with electrospun
collagen/ hydroxyapatite nanofibers. J Mater Sci Mater Med 2008;19:2039-2046.

Park C.H. Biomimetic hybrid scaffolds for engineering human tooth-ligament
interfaces. Biomaterials. 2010;31(23):5945-5952
Park C.H. Tissue engineering bone-ligament complexes using fiber-guiding

scaffolds. Biomaterials. 2012;33(1):137-145.

Bottino MC, Thomas V, Janowski GM: A novel spatially designed and functionally graded electrospun
membrane for periodontal regeneration. Acta Biomater 2011;7:216.

Moonesi Rad R, Atila D, Evis Z, Keskin D, Tezcaner A. Development of a novel functionally graded membrane
containing boron-modified bioactive glass nanoparticles for guided bone regeneration. Journal of tissue
engineering and regenerative medicine. 2019 Aug;13(8):1331-45.

Liu H. Local administration of stromal cell-derived factor-1 promotes stem cell recruitment and bone
regeneration in a rat periodontal bone defect model. Mater Sci Eng C Mater Biol Appl. 2015;53:83-94.
Stavropoulos A. A phase Ila randomized controlled clinical and histological pilot study evaluating rhGDF-
5/beta-TCP for periodontal regeneration. J. Clin. Periodontol. 2011;38(11):1044-1054.

Song W.-Y. Bone morphogenetic protein-2 sustained delivery by hydrogels with microspheres repairs rabbit
mandibular defects. Tissue Eng. Regen. Med. 2016;13(6):750-761.

Ma C. Hierarchical nanofibrous microspheres with controlled growth factor delivery for bone regeneration. Adv
Healthc Mater. 2015;4(17):2699-2708.

Hung SL, Lin YW, Chen YT, Ling LJ. Attachment of periodontal ligament cells onto various antibiotics-loaded
GTR membranes. Int J Periodontics Restorative Dent. 2005;25(3):265-75.

Cheng CF, Wu KM, Chen YT, Hung SL. Bacterial adhesion to antibiotic-loaded guided tissue regeneration
membranes—A scanning electron microscopy study. Journal of the Formosan Medical Association. 2015 Jan
1;114(1):35-45.

Zohar, R.; Nemcovsky, C.E.; Kebudi, E.; Artzi, Z.; Tal, H.; Moses, O. Tetracycline impregnation delays
collagen membrane degradation in vivo. J. Periodontol. 2004, 75, 1096-1101.

Lian, M.; Sun, B.; Qiao, Z.; Zhao, K.; Zhou, X.; Zhang, Q.; Zou, D.; He, C.; Zhang, X. Bi-layered electrospun
nanofibrous membrane with osteogenic and antibacterial properties for guided bone regeneration.Colloids Surf.
B Biointerfaces 2019, 176, 219-229.

Sundararaj SC, Thomas MV, Peyyala R, Dziubla TD, Puleo DA: Design of a multiple drug delivery system
directed at periodontitis. Biomaterials 2013;34: 8835-8842.

Lee B.S. Controlled-release of tetracycline and lovastatin by poly(D,L-lactide-co-glycolide acid)-chitosan
nanoparticles enhances periodontal regenearation in dogs. Int. J. Nanomed. 2016;11:285-297.

1073



ISSN: 2320-5407 Int. J. Adv. Res. 8(07), 1066-1074

60.

61.

62.

63.

64.

65.

66.

Duruel T. Sequential IGF-1 and BMP-6 releasing chitosan/alginate/PLGA hybrid scaffolds for periodontal
regeneration. Int. J. Biol. Macromol. 2017;104(Pt A):232-241.

Ashraf H, Font K, Powell C, Schurr M. Antimicrobial activity of an amnion-chorion membrane to oral
microbes. International journal of dentistry. 2019 Jul 11;2019.

Hu Z. Immunomodulatory ECM-like microspheres for accelerated bone regeneration in diabetes mellitus. ACS
Appl. Mater. Interfaces. 2018;10(3):2377-2390.

Du J. Allogeneic bone marrow mesenchymal stem cell transplantation for periodontal regeneration. J. Dent.
Res. 2014;93(2):183-188.

Liu Y. Periodontal ligament stem cell-mediated treatment for periodontitis in miniature swine. Stem
Cell. 2008;26(4):1065-1073.

Hu J. Periodontal regeneration in swine after cell injection and cell sheet transplantation of human dental pulp
stem cells following good manufacturing practice. Stem Cell Res. Ther. 2016;7(1):130.

Merli M. Comparing membranes and bone substitutes in a one-stage procedure for horizontal bone
augmentation. Three-year post-loading results of a double-blind randomised controlled trial. Eur. J. Oral
Implant. 2018;11(4):441-452.

1074



