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ABSTRACT
Periodontitis describes a group of related inflammatory disease resulting in destruction of the tissues that support the tooth. This disease results from the growth of a diverse microflora (especially anaerobes) in the periodontal pockets and releases various bacterial enzymes, toxins and stimulation of body’s immune response. Scaling and Root planning is the basic treatment modality for periodontitis. Mechanical treatment is limited by physical impediments and biochemical considerations. Antimicrobial agents may be used as an adjunct to overcome limitations of mechanical therapy. Nonsurgical controlled intrapocket delivery of antimicrobials in the treatment of periodontitis has been investigated for the possibility of overcoming the limitations of conventional therapy. Nonsurgical controlled release formulations to deliver antibacterial to the site of periodontal pocket are designed to be of low cost, non-toxic, biocompatible, biodegradable, greater stability, non-immunogenicity and effective long-term treatment at the site of infection with reduced systemic dosing. A number of polymer based delivery systems like fibers, strips, films, chips, microparticles, nanoparticles and nanofiber made from a variety of natural and synthetic materials have been successfully tested to deliver a variety of drugs. Periodontal pockets as a drug delivery platform for designing a suitable dental localized dosage form along with its potential advantage and limitations.
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1. INTRODUCTION
Periodontitis are one of the more prevalent oral diseases, recognized as a major public health problem (around 10-15%) throughout the world and occur in all groups, ethnicities, races, genders and socioeconomic levels 1-2. Periodontitis is a multifactorial disease in nature and the progression disease and outcome of the treatment depend upon the interaction between the microorganisms and host-related factors including genetic, socioeconomic status, age, gender, oral hygiene maintenance, host immune defence mechanism and stress. Periodontitis, i.e. “peri”-around, “odont”-tooth, “itis”-inflammation, refers to a number of inflammatory diseases affecting the supporting tissues around the teeth (periodontium). It is characterized by inflammation and degeneration of the gums, supporting bone, periodontal ligament and cementum and accumulation of bacterial pathogens, mainly within the periodontal pockets3. Periodontitis commonly refers to plaque induced inflammatory diseases that are plaque induced i.e. gingivitis and periodontitis. Gingivitis, the moderate stage of disease caused by an accumulation of supragingival plaque and characterized by swelling, light bleeding and redness of the marginal gingiva. Gingivitis is inflammation of gingival, alveolar bone and supporting attachment apparatus which causes loss of connective tissue attachment. Gingivitis is reversible which allows healing of gingival tissue. When gingivitis remains untreated, the disease progresses to chronic inflammation known as periodontitis which forms periodontal pocket and alteration of normal osseous anatomy. Periodontitis is an inflammatory response to the overgrowth of anaerobic organisms in the subgingiva and if unchecked, results in the destruction of the bone and soft tissues supporting the tooth, which results in tooth loss4. The presence of wide diversity of periodontal pathogens such as Porphyromonas gingivalis, Prevotella intermedia, Fusobacterium nucleatum, Camphylobacter rectus, Prevotella melaninogenica and Actinobacillus actinomycetemcomitans are responsible for periodontal destruction5. Chronic periodontitis is the most common form of periodontitis and associated with plaque and calculus. Smoking, diabetes mellitus, psychological stress, genetic susceptibility, host immune response, osteoporosis and ageing are the various well-established risk factors to periodontitis. Periodontitis can be associated with an increased risk of infective endocarditis, cardiovascular disease, stroke diabetes mellitus, respiratory disease and adverse pregnancy outcomes6.
Periodontal pocket is defined as pathologically deepened gingival sulcus. Periodontal pocket (target site) is a space generated between the gingiva and tooth due to migration of gingival epithelium along with the tooth surface. Microflora can easily harbor the periodontal pocket and contribute in worsening of the condition. Severity of disease depends on depth of the periodontal pocket i.e. mild (<3mm), moderate (3-4mm) and severe (≥5mm) 1. Advantages associated with the use of intra-pocket controlled drug delivery systems over systemic delivery are that the administration is less time consuming, lesser amount of drug is sufficient to achieve effective concentration at the site, minimize side effects and maintain therapeutic drug levels in the gingival crevicular fluids. Inflammatory response of the body in periodontitis involves activation of T-Lymphocytes, Neutrophils, Plasma cells and release of various chemical inflammatory mediators (cytokines, chemokine and C-reactive protein) and lipopolysaccharide from the gram-negative bacteria cell walls. Fibroblasts are stimulated by IL-1 and matrix metalloproteinase are secreted by neutrophil granulocytes. This results in enhanced collagen degeneration and activation of cytokines and chemokines. Osteoclast activity is augmented due to TNF-α by suppressing the production of collagen. Osteoclasts are activated by the release of antibodies and secretion of receptor activator of nuclear factor kappa-B ligands by the lymphocytes. The pathogenesis involving the destructive factors contributing to periodontitis is shown in Fig. 1.

Various Stages of dental diseases:

Periodontitis is a unique clinical entity results from a complex interplay between the subgingival biofilm and the host immune inflammatory events that develop in the gingival and periodontal tissue in response to the challenge presented by the bacteria7. Periodontitis progresses in various stages wherein the disease commences with adsorption of salivary polypeptide followed by bacterial invasion, calcification of plaque followed by gingivitis, pyorrhea, periodontal pocket formation and periodontitis followed by loss of teeth8 (Fig. 1).

Fig. 1: Various stages of Periodontitis [8]
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Various approaches in Treatment of Periodontitis: 
Various approaches in Treatment of Periodontitis include Scaling and Root planning, surgical therapy, Frenotomy, Gingivectomy and Soft tissue grafting. Though these treatments seem to be effective, they do not respond to deep and torturous pockets, hence it is beneficial to use the adjunctive novel local drug delivery systems. Since periodontitis is confined to the periodontal pocket, local delivery of drug in the pocket itself is the best choice. Periodontal pocket acts as a natural reservoir and provide easy access for the insertion of dental localized dosage form. Drug release from the dosages form and its distribution throughout the periodontal pocket by is provided by gingival crevicular fluid, which acts as the leaching medium. Significant drug levels can be maintained in the gingival crevicular fluid for prolonged duration of the dosages form. All these factors make intrapocket drug delivery as an ideal choice for the treatment of periodontitis.
Success of any drug delivery system depends on

a. Ability of the system to deliver the antimicrobial agent to the base of the periodontal pocket at bacteriostatic or bactericidal concentration.

b. Retention of the antimicrobial agent at the site of infection for sufficient period of time to eliminate the periodontal pathogen.

Since local drug delivery meets these requirements so it may help further suppress the periodontal pathogen and there by augment conventional treatment.

Ideal requirement for locally administered antimicrobial agent:

a. Must deliver the antimicrobial agent to the base of the periodontal pocket (target site).
b. Must have microbiologically effective concentration in the periodontal pocket.

c. Sufficient period of retention time at the site of infection.

d. Little or no effect on host tissues.

e. Biodegradable

f. Ease of placement and cost effective.

Advantages of Local delivery systems into Periodontal pocket9:-
· Direct access to target sites/diseases. 

· Reduce oral healthcare treatment cost. 

· Avoidance of GI tract problems of oral drug administration. 

· Reliable route for drug administration in very ill patient who are not able to swallow. 

· Increase therapeutic efficacy of the drug. 

· Improved patient acceptance and compliance. 

· Safe and convenient route. 

· Produce longer duration of action. 

· It offers non-invasive, painless and simple application. 

· It is useful in controlling and monitoring the desired drug levels in the site. 

· Local delivery offers a greater bioavailability and reduction in dosage as it bypasses hepatic first pass metabolism.
Disadvantages of Local delivery systems into periodontal pocket:-
· Local irritants cannot be administered. 

· Dose is limited because of relatively small area of the pocket. 

· Enzymes like peptidase and esterase may cause the pre systemic metabolism. 

· Not suitable for peptide administration due to enzyme peptidase.
· Local delivery understood the needs for high-potency drugs. 

· Not suitable for drugs with irritancy or a sensitization. 

Indications:
a. Periodontal pocket ≥5mm
b. Bleeding on probing

c. Sites non-responding to Scaling and root planning.

d. Refractory periodontitis.
e. Medically compromised patient.

Contraindications:

a. Allergy to a particular antimicrobial agent used.
b. To pregnant and lactating mothers e.g. Tetracycline group of drugs.

c. To be used with caution in patient with history of immune deficiency.

Dental Localized Drug Delivery Systems
A number of delivery systems have been investigated for use in periodontitis which not only provides local delivery of drugs but also supportive and provide long term maintaince therapy. The rate of drug release from the novel controlled drug delivery devices can be precisely controlled. By using a variety of polymers, these formulations have proved to be superior due to non toxicity, biocompatibility, nonimmunogenicity, biodegradability, stability and low price. Clinical parameters that are checked to notice the disease condition are such as Plaque index (PI), Probing depth from the gingival margin (PD), Sulcular bleeding index (SBI) and periodontal attachment level. Various types of local intra-pocket controlled drug delivery devices are:-

1. Dental Films

2. Dental fibers

3. Injectable gels

4. Medicated chewing gum

5. Microspheres

6. Nanoparticles 
7. Liposomes
8. Nanofibers

1. Dental film 8,9,10,11,12,13,14,15,16,17,18: 
Films are most widely used from of medicated intra-pocket dental drug delivery device. Films are matrix type delivery systems wherein drugs are distributed throughout the polymer films and drug release through the films occurs by diffusion and/or matrix dissolution or erosion. Dimension and shape of dental film can easily controlled as per the dimension of the periodontal pocket which is to be treated. Dental films are prepared either by solvent casting or direct milling. Synthetic biodegradable polymers used in formulation of films are Polylactide-co- glycolide, Polyorthoesters etc. In vitro drug release studies shows that insoluble films released drug by diffusion whereas soluble films released the drug by dissolution of the polymer carriers. Drug released may be prolonged from films for period 4-80 hours depending on duration of therapy desired. Films composed of cross liked hydrolyzed gelatin and glycerin showed the initial burst effect, wherein 40% drug is released in the first 24 hours followed by constant shower release over an extended period of about 7days. Similarly chitosan films containing Metronidazole showed extended release for a period of 7 days. It has been observed that films when stored at refrigerated condition showed the slower degradation rate. Effect of these films persists even after 3 week of removal of strips. Dental film made from Ethyl cellulose has been developed containing drugs like chlorhexidine diacetate, metronidazole, tetracycline and Minocycline.
Preparation and Evalution of Dental Film:

Suitable polymer is soaked in aqueous medium and drug is incorporated in it. The viscous dispersion of polymer is prepared and is kept aside for 30min for complete expulsion of air bubbles. The films are cast by pouring drug-polymer solution into the glass moulds and allowed to dry at room temp. Dry films are then cut into strips of suitable dimensions and packed in aluminium strip packages along with suitable desiccant to avoid contact of moisture at room temp.

The dental film were evaluated for their physicochemical properties including weight variation, thickness, estimation of drug content, surface pH, stability, compatibility, in vitro drug release studies, in vitro antibacterial activity and Clinical study.
Advantages:


· Ease of insertion

· Minimum pain on insertion

· Less discomfort to the patient

· Dimensions can be adjusted with the dimensions of the pocket

· Shows good retention for at least 5 days

· Minimal or no side effects

Disadvantages:

· Difficulty in placing

· Labor intensive

· Possibility of swelling of gingival cavity

2. Dental fibers 12, 19, 20:

Dental fiber is a thread like device which is a reservoir type system. Fibers are placed into the pocket with an applicator and secured in place using protective cyanoacrylate adhesive for sustained release. Different polymers like polycaprolactone, polyurethane, cellulose acetate, ethyl vinyl acetate can be used fabrication fibers matrices for delivery. The dental fibers are of 3 types:

a. Hollow fibers

b. Monolithic fibers

c. Resorbable fibers

Hollow fibers: Hollow fiber comprise of reservoirs filled with therapeutic agent. Hollow fibers do not provide controlled drug delivery. Drug is released simply by diffusion through reservoir wall. A hollow fiber rapidly releases the drug. 

Monolithic fibers: Monolithic fibers are developed to sustain the drug release over a period of time. Monolithic fibers are matrix types comprising of polymers. Monolithic fibers are prepared by melt extrusion technique, wherein the release retarding polymer and drug are dispersed together. A mixture of 75% ethylene vinyl acetate and 25% tetracycline hydrochloride is heated at 2140C and extruded as 0.5 mm fiber which gives controlled release system. 

Resorbable fibers: In this type of fibers, tetracycline is incorporated into cross-linked collagen matrix. Here matrix is capable of delivering the drug upto 10 days after insertion.

Advantages:


· Longer duration of action

· Rapid evacuation of drug

· Good drug holding

 Disadvantage:
· Placing of fibers, placement technique is challenging

· Discomfort

· Low patient acceptance

· Gingival redness

3. In-Situ Injectable Gels 8, 10, 13, 14, 21, 22
Injectable gels are basically mucoadhesive formulation. They contain water soluble polymers which have mucoadhesive properties and they interact strongly with water on mucosal surface. Injectable formulations are most convenient system for delivery of antibiotic agents into periodontal pocket. In-situ gel-forming formulations is currently a novel idea to deliver drugs as a liquid dosage form, which then form strong gels after application at delivery site, thus prolonging the residence time of the active substance. In situ gels are polymeric networks that absorb large quantities of water and remains insoluble in aqueous solutions due to the chemical or physical cross linking of individual polymer chains. These system is liquid at room temperature and it gel at ambient body temperature of 34-37o C. The polymer used in preparation of in situ gel should be biocompatible, adhere properly to mucus and have pseudoplastic behaviour. Commonly used polymers are Poloxamer 407, Chitosan, Carbopol 934P and Carbopol 974P. Injectable gels are evaluated for various physico-chemical parameters like pH, viscosity, syringebility, drug content, in vitro drug diffusion studies, antimicrobial efficacy and bioadhesion. Desirable results have been obtained with a number of oleo gels and hydrogels for the delivery of 2.5% Tetracycline, 25% Metronidazole, 40% Metronidazole benzoate, as well as a combination of 2.5% Tetracycline and 40% Metronidazole benzoate.

Advantages:

· Reduce dosing frequency

· Increase Bioavailability

· Better patient compliance

· Biocompatible and bioadhesive

· Less Irritation

· Relatively Faster Drug release

Disadvantages:

· Low shelf life

· High Production Cost
4. Medicated chewing gum8, 23, 24, 25:
Chewing gum are now a day’s gaining important consideration as a vehicle for or delivery system containing msticatory gums which are having pharmacologically active properties. Medicated chewing gums are considered to be alternative to buccal and sublingual tables which are intended to act systemically. Medicated chewing gum can also be used in the systemic condition like pain, motion sickness, smoking cessation, vitamin deficiency, plaque, fresh breath etc. medicated chewing gum re-elevates plaque pH which lowers intensity and frequency of dental caries in children and adult with xerostomia. 
Composition of medicated gum comprises of plasticizer viz resins, polymerized glycerol esters, filters like talc, aluminum silicate, softener and emulsifier like glycerin, lecithin, oleic, colorants, opacifier like titanium dioxide, sweeteners like sorbitol, com syrup, galactose, flavouring agents like citrus oil, mineral oil, clove oil. Saliva soluble ingredients are completely release within 10-15 min of chewing whereas lipid insoluble ingredient get dissolve in gum base and thereafter are slowly released and then completely absorbed.
Medicated chewing gums are manufactured by:

· Conventional method

· Freezing, grinding and tableting method

The evaluation tests of medicated chewing gum are:

1. Uniformity of content 

2. Uniformity of mass

3. In –vitro drug release

Advantages:

· They are not required to be swallowed

· Excellent from for acute medication 

· They can avoid first pass metabolism and increase bio-availability

Disadvantages:    

· Sorbitol present in the gums may cause flatulence and diarrhea
· Prolong chewing my result in pain in facial muscles and ear ache

5. Microspheres 8, 10, 13, 21: 
 Microspheres are solid spherical particles ranging in size from 1-1000 µm. Microspheres are formulated using biodegradable natural or synthetic polymer, waxy or other protective materials, gums, starch, proteins etc. Drug is encapsulated or dispersed into polymer which gradually dissolves or erodes releasing the drug at the target site. If the drug core is encapsulated in the polymer coat then they are denoted as microcapsules. In microsphere, drug is uniformly dispersed throughout the polymeric excipient matrix. They are free flowing powders and provide sustained and controlled drug release at the target site.
Advantages:

· Prolong and constant therapeutic effect

· Easily injected due to their spherical shape and small size 

· Reduce dosing frequency 

· Reduction in the intensity of adverse effect

· Improved patient compliance.
· Enhanced bioavailability

Disadvantage:

· Release rate may vary from varies of factors like food and rate of transit through the gut.
· Difference in the release rate rom one dose to another 

· Generally contain a higher drug load and thus may cause toxicity

6. Nanoparticles8, 10, 13, 21: 

Nano sizing the drug enhances the absorption and subsequently reduction in drug dose. Nano sized drug can penetrate into the regions that may be inaccessible to other delivery systems. Polymer based nanoparticles are prepared by various techniques. Nanoparticle prepared by micellar polymerization technique resulted in well dispersible white powdered material with particle size range 50-180nm. Nanoparticles are suitable for incorporation into hydrogel matrix.

When a root canal is filled with filling material, the germs that remain entrapped in canal, gradually cause repeated inflammation eventually leading to dental disease. Thus to reduce the bacterial and fungal adhesion to dental crevices, during treatment silver nanoparticles are applied. The formulation comprises of Silver nanoparticles incorporated in form of dental resin composites. Silver ions have antibacterial property. It can be added in the form of silver hydrosol. The silver hydrosol can be released from the resin composite matrix to reduce incidence of tooth decay. Various factors like filler concentration, filler shape and size, filler composition to modify the properties of resin composite are taken into consideration. Also zinc citrate or acetate has been incorporated to control the formation of dental plaque. Nanoparticulate used as drug delivery carriers have an exceptional potential towards treating periodontal diseases owing to their ability to modulate drug release kinetics, incorporate multifunctional molecules, target specific and respond to various external signaling sources (whether biological, mechanical, electric or magnetic). Drug delivery using nanotechnology helps the drug to reaches the right site in the body, at the right time, at the right concentration without exerting side effects on its way to the target site or during the clearance process.
7. Liposomes10, 13, 21, 26, 27, 28, 29, 30, 31:
Liposomes are classified as vesicular drug delivery system mimicking biological cellular membrane. Liposomes consists of phospholipids bilayers which enclose aqueous compartments. Drug is entrapped either in the aqueous core or in the phospholipid bilayers of the liposomes depending on the solubility of the drug (water soluble drugs in the aqueous core and lipid soluble drugs in phospholipid bilayers) and type of encapsulation process. Liposomes form targeted kind of drug delivery because polyhydroxy group of liposomes interact with surface polymers present in bacterial glycocalyx. Liposomes are prepared by hydration of phospholipid film. The formed vesicles are stabilized with poly ethylene glycol and are re-sized by extrusion. Studies slowed that penetration is more effective when vesicles are magnetized and subjected to an external magnetic field which accelerates their movement within the tubules.

Various liposomal formulations have been envisaged as carrier of antibacterial and antifungal drugs so as to inhibit growth and enhance adsorption to hydroxyapatitefor tooth enamel. Liposomes can be incorporated in bioadhesive polymeric gel, so that they are retained on enamel surface for prolonged period.
Advantages:

· Biocompatible

· Biodegradable

· Non toxic

· Non-immunogenic

· High stability and protect the encapsulated drug from the external environment.
Disadvantage:

· Short half life
· Leakage and Fusion of the encapsulated drug
· High production cost

8. Nanofibers9, 105, 106:
Polymeric fibers having diameters in submicron or nanometer range (10-6m-10-9m) are called nanofibers. They possess various remarkable characteristics like very large surface area to volume ratio and superior mechanical performance (e.g. stiffness and tensile strength). Preparation of nanofibers can be opted by drawing, template synthesis, phase separation, self- assembly, electro spinning, etc. Among all these electro spinning method has been accepted as an efficient technique for the fabrication of continuous nanofibers from a variety of polymers. These polymers can either first dissolved in suitable solvent and then electrospun or can be directly electrospun in molten form. Both hydrophobic and hydrophilic drugs can be incorporated to this. In this process a high voltage is used to obtain a charged jet of polymer solution or polymer melt from a needle. When the charge overcomes the surface tension of polymer drop at the tip of the needle, a jet of polymer is released towards a grounded collector. The solvent evaporates and the solid nanofibers are collected on the collector. Polymers can be fabricated to form nano fibrous scaffolds and seeded with various cells. Due to high surface area, porosity and resemblance of the 3D structure to natural extra cellular matrix, they ensure cell adhesion and provide a nano environment for cellular growth and function. This has led to their wide application in tissue engineering and culture. Currently investigated the effects of metronidazole and ciprofloxacin on periodontopathogens and oral bacteria by using polydioxanone biodegradable nanofibers matrices. There was a reduction in mean fiber diameter by the use of pure polydioxanone, 5wt. % metronidazole, 25wt. % metronidazole, 5wt. % ciprofloxacin, 25wt. % ciprofloxacin, in a decreasing order. HPLC development showed that formulations containing higher amounts of drug provide more release over time and those with lower amounts, the least. The Nanofibers matrices did not impair the growth of periodontal beneficial bacteria. Growth inhibition of Fusobacterium nucleatum and Aggregatibacter actinomycetemcomitans was obtained from ciprofloxacin containing nanofibers.
Summary of some marketed products and investigated Periodontal Pocket Drug Delivery Systems are given in Table I & II.
Table I: Marked Products based on Novel Approaches

	Brand Name
	Drug
	Delivery device
	Manufacturer

	Actisite
	Tetracycline hydrochloride
	Non- resorble fibre
	Alza corporation

	Atridox
	Doxycycline hyclate
	Antimicrobial gel
	Zila Inc, Collins

	Periochip
	Chlorohexdine gluconate
	Biodegradable chip
	Perio products ltd

	Arestin
	Minocycline hydrochloride
	Microspheres
	Oropharma Inc

	Vitaflo CHX
	Chlorohexdine gluconate
	Medicated chewing gum
	Fertin Pharma

	Metrogyl
	Metronidazole
	Nanoparticle
	J B chemicals

	Actinide
	Tetracycline
	Non biodegradable fibers
	Alzacorn

	Dentamycine
	Minocycline
	Powder
	Sunstar Corp, Tokyo

	Gluconate
	Metronidazole
	Inserts
	Perioproducts ltd

	Elyzol
	Minocycline
	Gel
	Dumex Pharma

	Atrigel
	Doxycycline
	Gel
	Atridox


Table II: Summery of some investigated Periodontal Pocket Drug Delivery Systems

	Type of delivery device
	Drug
	Polymer
	References

	Film
	Metronidazole, Pentoxifylline
	Hydroxy Propyl Methyl Cellulose, Carbopol 934
	32

	
	Metronidazole
	Poly(DL-lactide-co-glycolide)

Poly (DLlactic acid)
	33

	
	Ornidazole
	Poly(vinyl alcohol)

Carboxymethyl-chitosan
	34

	
	Metronidazole benzoate
	Chitosan/poly (epsiloncaprolactone)
	35

	
	Amoxicillin, Metronidazole
	Poly (D,L-lactide-co-glycolide) copolymer
	36

	
	Metronidazole
	Ethyl cellulose, Poly Ethylene Glycol
	37

	
	Minocycline
	Polycaprolactone, Polyethylene glycol
	38

	
	Tetracycline
	Collagen
	39

	
	Meloxicam
	Gelatin
	40

	
	Ipriflavone
	Poly(DL-lactide-co-glycolide)

Chitosan
	41

	
	Chlorhexidine gluconate
	Chitosan
	42

	
	Tetracycline
	Atelocollagen
	43

	Fiber
	Ciprofloxacin,

Diclofenac sodium
	Alginate
	44

	
	Tetracycline
	Collagen
	45

	
	Tetracycline
	Chitosan
	46

	
	Gentamicin sulfate
	Polycaprolactone
	47

	
	Tetracycline
	Ethylene vinyl acetate
	48

	
	Tetracycline
	Ethylene vinyl acetate
	49

	
	Tetracycline Hydrochloride
	Ethylene vinyl acetate
	50

	
	Tetracycline Hydrochloride
	Ethylene vinyl acetate
	51

	
	Amoxicillin trihydrate
	Ethylene vinyl acetate
	52

	
	Tetracycline
	Cellulose acetate
	53

	Gels
	Simvastatin
	Chitosan
	54

	
	Azithromycin
	Gellan gum
	55

	
	Metronidazole benzoate
	Polycaprolactone, Carbopol 934P 
	56

	
	Metronidazole benzoate, Serratiopeptidase
	Poloxamer 407 and Aerosil 
	57

	
	Alendronate
	Carboxy methylcellulose
	58

	
	Alendronate
	Xanthan
	59

	
	Clarithromycin
	Carboxy methylcellulose
	60

	
	Moxifloxacin
	Pluronic
	61

	
	Metronidazole,

Doxycycline
	Carboxy methylcellulose
	62

	
	Tetracycline
	Lactic-glycolic acid
	63

	
	Propolis extract
	Poloxamer 407, carbopol (in situ)
	64

	
	Satranidazole
	Sodium CMC
	65

	
	Ornidazole
	Gellan gum, Lutrol
	66

	
	Metronidazole
	Chitosan
	67

	
	Chlorhexidine
	Hyaluronan
	68

	
	Metronidazole
	Poly-gamma-glutamic acid (In situ)
	69

	
	Chlorhexidine
	Chitosan, beta-glycerophosphate

(in situ)
	70

	Microspheres
	Metronidazole
	Chitosan
	71

	
	Tetracycline
	Poly(lactic-co-glycolic acid) and zein
	72

	
	Ofloxacin Hydroxyapatite
	Poly(lactic-co-glycolic acid)
	73

	
	Minocycline  hydrochloride
	Chitosan
	74

	
	Doxycycline
	Gelatin
	75

	
	Tetracycline hydrochloride
	Chitosan
	76

	
	Tetracycline
	Poly(L-lactide)
	77

	
	Doxycycline
	Poly (D, Llactide- co-glycolide) and poly (epsilon-caprolactone)
	78

	
	Metronidazole benzoate
	Chitosan and poly (epsilon-caprolactone)
	79

	
	Propolis
	Gelatin
	80

	
	Doxycycline  hydrochloride
	poly (epsilon-caprolactone) and Acetylated collagen
	81

	
	Hydroxyapatite (HA) and Ofloxacin
	Poly (D, Llactide- co-glycolide)
	82

	Liposome
	Minocycline  hydrochloride
	Carbopol
	83

	
	Doxycycline
	Poly Ethylene Glycol
	84

	
	Doxycycline
	Carbopol
	85

	
	Antibiotics
	Poly Ethylene Glycol
	86

	
	Superoxide dismutase, catalase
	Poly Ethylene Glycol
	87

	Nanoparticle
	Metronidazole,

Doxycycline
	Polymersomes
	88

	
	Silver
	Poly(DL-lactide-co-glycolide)
	89

	
	Metronidazole benzoate
	Thiolated Chitosan and Poly (methacrylic acid)
	90

	
	Methylene blue
	Poly(DL-lactide-co-glycolide)
	91

	
	Harungana madagascariensis

leaf extract
	Poly(DL-lactide-co-glycolide)
	92

	
	Metronidazole
	Polylactide-glycolic acid copolymer

and chitosan
	93

	
	Ca & Zn
	PolymP-n Active
	94

	
	Methylene blue
	Polylactide-glycolic acid
	95

	
	Satranidazole
	Sodium CMC
	96

	
	Minocycline
	Poly(ethylene glycol)-poly(lactic acid)
	97

	
	Minocycline
	Poly(ethylene glycol)-poly(lactic acid)
	98

	
	Calcium sulfate
	2-hydroxyethyl methacrylate
	99

	
	Triclosan
	Poly-ε-caprolactone
	100

	
	Triclosan
	Poly(D,L-lactide-co-glycolide) & poly(D,L-lactide)
	101

	Nanofiber
	Tinidazole
	chitosan/poly (ε-caprolactone)
	102

	
	Tinidazole
	Poly (ε-caprolactone)
	103

	
	Human gingival fibroblasts  cultured on substrates
	Polytetrafluoroethylene
	104

	
	Metronidazole
	Polylactide
	105

	
	Doxycycline
	Poly (ε-caprolactone)
	106

	
	Metronidazole
	Poly (ε-caprolactone)
	107

	
	Metronidazole benzoate
	Poly (ε-caprolactone)
	108

	
	Human periodontal ligament
	Poly(D,L-lactide-co-glycolide)
	109

	
	Human periodontal ligament
	Gelatin
	110


REGULATORY ASPECTS:

All the periodontal products shall comply with the regulatory requirements in terms of safety and efficacy. In the design of clinical protocol, the relevant information for the API, excipients (biodegradable or non-biodegradable), dose, stability and various evaluation parameters must be defined. 

CONCLUSION:
With the increment in understanding of periodontitis and mode of drug administration methods, various types of local targeted drug delivery systems like fibers, strips, films, chips, microparticles and nanoparticles have been designed which contributing in eradication of the systemic side effects of antibiotics. The controlled release products of various biodegradable polymers for dental therapy help to reduce the occurrence of systemic side effects, achieving biocompatible controlled release formulation, reduced dose frequency, minimize the chance of bacterial resistance and increase the therapeutic efficacy.
Mucoadhesion based systems and vesicular systems are becoming the choice of dental surgeons. The dental films are smooth, homogenous and flexible. Films are developed to a satisfactory level in terms of drug content, drug release, mechanical properties etc. also have high benefit to low risk ratio as compared to systematic administration. Hence low dose site specific films are better alternative. As a monotherapy, the delivery system like chips and films can improve the periodontal health. 
Nanoparticles have come up as one of the most effective antibacterial agents due to their large surface area to volume ratios. They can be used as effective growth inhibitors of various micro-organisms.
Nanofibers have the advantages such as higher drug loading efficiency and efficient drug release.

Site specific administration of simple injectable formulation of microparticles in periodontal pocket or in the root canal cavity could reduce the number of treatment session for patients and may serve as an adjuvant to surgical therapies.

These devices along with Scaling and Root planning procedure provide an effective treatment for the periodontitis.  The novel approaches in periodontal pocket drug delivery system have good potential as they provide a convenient alternative approach to improve patient compliance; however it still remains as a field that is required to be explored to the fullest.
REFERENCES:
1. Sawarkar S. P. and Kadam A.: Novel Treatment approaches for Maintence of Dental hygiene, Pharma Times, 2016, 48 (03) 9-14.
2. Brown L. J., Brunella J. and Kingman A.: Periodontal status in the United States: Prevalence, extent, and demographic variation, J. Dent. Res, 1996, (75) 672-83.

3. Yeung F. I., Newman H. N. and Addy M.: Subgingival metronidazole in acrylic vs. chlorhexidine irrigation in the control of chronic periodontitis, J Periodontol, 1983, 54(7) 651.

4. Sujatha M., Dandagi P., Yogesh H. S., Ravinder R. and Gopalkrishna B.: Preparation and evaluation of Sparfloxacin dental implants for the treatment of periodontal diseases, Int. J. Pharm., 2010, (2) 606-611.
5. Krishnananda K., Shripathy D. and Shabharaya A. R.:  Formulation and evaluation of Biodegradable dental implants containing antibacterial agents for periodontitis, Pharmabit, 2010, XXII (2) 88-93.

6. Maha M. A., Heba M. K., Heba A. H. and Ossama Y. A.: Formulation and in-vitro characterization and clinical evaluation of curcumin in-situ gel for treatment of periodontitis, Drug Deliv, 2017, 24(1) 133–142.
7. Chini Doraiswami Dwarakanath, N Ambalavanan, Dilip G Nayak, Ashita Uppoor and Ashish Jain.: Carranza’s Clinical Periodontology, Second South Asia Edition, Elsevier, 12th Edition, 2017, PP. 57- 59.

8. Kaplish V., Walia M. K., Kumar H. S. and Kumar H.: Local drug delivery in treatment of periodontitis, Pharmacophore (An international research journal), 2013, 4(1) 39-49.

9. Joshi D., Garg T., and Goyal A. K.: Advanced drug delivery approaches against periodontitis, Drug Deliv., 2016, 23(2) 363-377.

10. Munot N. M. and Gujar K. N.: Orodental delivery system: an overview, Int. J. Pharm. Pharm. Sci., 2013, 5(3) 74-83.

11. Kothari S., Gnanaranjan G., and Kothiyal P.: Periodontal chip: an adjunct to conventional surgical treatment, Int. j. drug dev. res., 2012, 2(6) 419-421.

12. Md. Sajid A., Javed A., Alka A. and Md. Sarfaraz A.: Formulation and characterization of dental film containing ofloxacin, J. Appl. Pharm. Sci., 2012, 2 (11) 114-117.

13. Shiva K. Y., Jeet S. and Manvi F. V.: Formulation, characterization and evaluation of metronidazole gel for local treatment of periodontitis, Int. J. Pharma Bio Sci, 2010, 1(2) 1-9.

14. Ahmed M. G., Harish N. M., Charyulu R. N. and Prabhu P.: Formulation of Chitosan based ciprofloxacin and diclofenac film for periodontitis therapy, Trop J Pharm Res, 8(1) 33-41.

15. Shah K. R. and Mehta T. A.: medicated chewing gum- a mobile oral drug delivery system, Int. J. Pharmtech Res., 2014, (6) 35- 48.

16. Di Turi G., Riggio C., Vittorio  O., Marconcini S., Briguglio F., Funel N., Campani D., Barone A., Raffa V. and Covani U.: Sub-Micrometric liposomes as drug delivery systems in the treatment of Periodontitis, Int J Immunopath Ph., 2012, 25(3) 657-670.

17. Garg T. and Goyal A. K.: Biomaterial-based scaffolds – current status and future directions, Expert Opin Drug Deliv., 2014, (11) 767–89.

18. Pragati S., Ashok S. and Kuldeep S.: Recent advances in periodontal drug delivery systems, Int. J. Drug Deliv, 2011, 1(1)1–9.

19. Sachdeva S. and Agarwal V.: Evaluation of Commerically available biodegradable fibers therapy in chronic periodontitis, J. Indian Soc. Periodontol., 2011, (15)130-134.

20. Kaur S., Navkiran V. and Kaur N.: Local drug delivery in the treatment of periodontitis, Ind. J. Compre. Den. Care, 2012, 2(2) 255-261.

21. Nair S. C. and Anoop K. R.: Intra periodontal pocket:  an ideal route for local antimicrobial drug delivery for local antimicrobial drug delivery,  Adv. Pharm. Technol. Res., 2012, 3 (6) 9-15.

22. Jain N. Jain G. K. and Javed S.: Recent approaches for the treatment of periodontitis, Drug Discov. Today, 2008, (13) 932–943.

23. Nguyen S., Hiorth M., Rykke M. and Smistad G.: The potential liposomes as dental drug delivery systems, Eur. J. Pharm. Biopharm., 2011, (77) 75-83.

24. Nguyen S., Hiorth M., Rykke M. and Smistad G.: Polymer coated liposomes as dental drug delivery systems, Eur. J. Pharm. Biopharm., 2011, (77) 78-85.

25. Yamakami K., Tsumori H., Shimizu Y., Sakurai Y., Nagatoshi K. and Sonomoto K.: Effect of liposomal phosphatidylcholine acyl chain length on the bactericidal activity of liposome encapsulated nisin on cariogenic streptococcus mutans. J Dent Health Oral Disord Ther. 2014, 1(3)72‒75.

26. Nishu S. and Gnanarajan G.: Recent trends in dental drug delivery system, Int. J Pharm., 2013, 4(7) 21-25.

27. Fouad H. Al-Bayaty, Azwin A. Kamaruddin, Mohd. A. Ismail, Mahmood A. Abdulla.: Formulation and Evaluation of new Biodegradable Periodontal Chip containing thymoquinone in chitosan base for the management of chronic periodontitis, Journal of Nanomaterials, 2013, 1-5.

28. Seneviratne C. J. Zhang C. F. and Samaranayake L. P.: Dental plaque biofilm in oral health and disease, Chin J Dent Res, 2011, 14(2) 87-94.

29. Chadha V. S. and Bhat K. M.: The evalutions of doxycycline controlled release gel versus doxycycline controlled release implant in the management of periodontitis, J. Indian Soc. Periodontol, 2012, 16(2) 200-206.

30. Garg T. and Goyal A. K.: Iontophoresis: drug delivery system by applying an electrical potential across the skin, Drug Delivery Letter 2012, 2(4) 270–280.

31. Garg T. and Goyal A. K.: Liposomes: targeted and controlled delivery system, Drug Delivery Letter, 2014, 4(1) 62–71.

32. Labib G. S., Aldawsari H. M. and Badr-Eldin S. M.: Metronidazole and pentoxifylline films for the local treatment of chronic periodontal pockets: preparation, in vitro evaluation and clinical assessment, Expert Opin Drug Deliv, 2014, 11(6) 855–865.

33. Shifrovitch Y., Binderman I. and Bahar H.: Metronidazole- loaded bioabsorbable films as local antibacterial treatment of infected periodontal pockets, J Periodontol, 2009, 80(2) 330–337.

34. Wang L. C., Chen X. G., Zhong D.Y. and Xu Q. C.: Study on poly (vinyl alcohol)/carboxymethyl-chitosan blend film as local drug delivery system, J Mater Sci Mat Med, 2007, 18(6) 1125–1133.

35. El-Kamel A. H., Ashri L.Y. and Alsarra I. A.: Micromatricial metronidazole benzoate film as a local mucoadhesive delivery system for treatment of periodontal diseases, AAPS Pharm Sci Tech, 2007, 8(3) 184–194.

36. Ahuja A., Ali J. and Rahman S.: Biodegradable periodontal intrapocket device containing metronidazole and amoxycillin: formulation and characterization, Die Pharmazie, Int J Pharm Sci, 2006, 61(1) 25–29.

37. Golomb G., Friedman M. and Soskolne A.: Sustained release device containing metronidazole for periodontal use, J Dental Res, 1984, 63(9) 1149–1153.

38. Kyun K., Yun K. and Young J.: Development of Minocycline containing polycaprolactone film as a local drug delivery, Taehan Chikkwa Uisa Hyophoe Chi, 1990, 28(3) 279–290.

39. Minabe M., Takeuchi K. and Nishimura T.: Therapeutic effects of combined treatment using tetracycline-immobilized collagen film and root planing in periodontal furcation pocket, J Clin Periodontol, 1991, 18(5) 287–290.

40. Cetin E. O., Buduneli N., Atlıhan E. and Kırılmaz L.: In vitro studies of a degradable device for controlled-release of meloxicam, J Clin Periodontol, 2005, (32) 773–777.

41. Perugini P., Genta I. and Conti B.: Periodontal delivery of ipriflavone: new chitosan/PLGA film delivery system for a lipophilic drug, Int J Pharm, 2003, 252(1-2) 1–9.

42. Ikinci G., Senel S. and Akıncıbay H.: Effect of chitosan on a periodontal pathogen Porphyromonas gingivalis, Int J Pharma, 2002, 235(1-2) 121–127.

43. Masato M., Atsuo U., Kayo N., Eiko T., Toshiyuki T., Toshio H., Toshio U. and Tsunetoshi H.: Application of a local drug delivery system to periodontal therapy: I. Development of collagen preparations with immobilized tetracycline. J Periodontol, 1989, 60(2) 113–117.

44. Johnston D., Choonara Y. E., Kumar P., du Toit L. C., van Vuuren S. and Pillay V.: Prolonged delivery of ciprofloxacin and diclofenac sodium from a polymeric fibre device for the treatment of periodontal disease, Biomed Res Int, 2013, 460936, 1-15.

45. Sachdeva S. and Agarwal V.: Evaluation of commercially available biodegradable tetracycline fiber therapy in chronic periodontitis, J Indian Soc Periodontol, 2011, 15(2) 130–134.

46. Yalcin F., Demirel K., and Onan U.: Evaluation of adjunctive tetracycline fiber therapy with scaling and root planing: short-term clinical results, Periodont Clin Invest, 1999, 21 (2) 23-27.

47. Chang H. I., Lau Y. C., Yan C. and Coombes A.: Controlled release of an antibiotic, gentamicin sulphate from gravity spun polycaprolactone fibers, J Biomed Mater Res A, 2008, 84(1) 230–237.

48. Goodson J., Holborow D. and Dunn R.: Monolithic tetracycline- containing fibers for controlled delivery to periodontal pockets, J Periodontol, 1983, 54(10) 575–579.

49. Tonetti M., Cugini M. and Goodson J.: Zero-order delivery with periodontal placement of tetracycline loaded ethylene vinyl acetate fibers, J Periodont Res, 1990, 25(4) 243–249.

50. Heijl L., Dahlen G. and Sundin Y.: A 4-quadrant comparative study of periodontal treatment using tetracycline-containing drug delivery fibers and scaling, J Clin Periodontol, 1991, 18(2) 111–116.

51. Goodson J., Hogan P. and Dunham S.: Clinical responses following periodontal treatment by local drug delivery, J Periodontol, 1985, 56(11s) 81–87.

52. Ahuja A., Ali J. and Sarkar R.: Targeted retentive device for oro-dental infections: formulation and development, Int J Pharm, 2003, 259(1-2) 47–55.
53. Goodson J., Haffajee A. and Socransky S.: Periodontal therapy by local delivery of tetracycline, J Clin Periodontol, 1979, 6(2) 83–92.
54. Rao N., Pradeep A. and Bajaj P.: Simvastatin local drug delivery in smokers with chronic periodontitis: a randomized controlled clinical trial, Aust Dent J, 2013, 58(2)156–162.

55. Pradeep A., Bajaj P. and Agarwal E.: Local drug delivery of 0.5% azithromycin in the treatment of chronic periodontitis among smokers, Aust Dent J, 2013, 58(1) 34–40.

56. Dabhi M. R., and Sheth N. R.: Formulation development of physiological environment responsive periodontal drug delivery system for local delivery of metronidazole benzoate, Drug Dev Ind Phar, 2013, 39(3) 425–436.

57. Kumari N. and Pathak K.: Dual controlled release in situ gelling periodontal sol of metronidazole benzoate and Serratiopeptidase: statistical optimization and mechanistic evaluation, Curr Drug Deliv, 2012, 9(1) 74–84.

58. Pradeep A. and Sharma A.: Local drug delivery of alendronate gel for the treatment of patients with chronic periodontitis with diabetes mellitus: a double-masked controlled clinical trial, J Periodontol, 2012, 83(10) 1322–1328.

59. Pradeep A., Kumari M., Rao N. S. and Naik S. B.: 1% Alendronate gel as local drug delivery in the treatment of class II furcation defects: a randomized controlled clinical trial, J Periodontol, 2013, 84(3) 307–315.

60. Agarwal E., Pradeep A., Bajaj P. and Naik S. B.: Efficacy of local drug delivery of 0.5% clarithromycin gel as an adjunct to non-surgical periodontal therapy in the treatment of current smokers with chronic periodontitis: a randomized controlled clinical trial, J Periodontol, 2012, 83(9) 1155–1163.

61. Flemmig T. F. and Petersilka G.: Efficacy and safety of adjunctive local moxifloxacin delivery in the treatment of periodontitis, J Periodontol, 2011, 82(1) 96–105.

62. Tiwari G., Tiwari R. and Rai A. K.: Studies on development of controlled delivery of combination drug (S) to periodontal pocket, Indian J Dent Res, 2010, 21(1) 72–83.

63. Maze G. I., Reinhardt R. A. and Payne J. B.: Gingival fluid tetracycline release from bioerodible gels, J Clin Periodontol, 1996, 23(12) 1133–1136.
64. Bruschi M. L., Jones D. S. and Panzeri H.: Semisolid systems containing propolis for the treatment of periodontal disease: in vitro release kinetics, syringeability, rheological, textural, and Mucoadhesive properties, J Pharm Sci, 2007, 96(8) 2074–2089.
65. Bansal K. Rawat M. and Jain A.: Development of satranidazole mucoadhesive gel for the treatment of periodontitis, AAPS Pharmscitech, 2009, 10(3) 716–723.
66. Dabhi M. R., Nagori S. A. and Gohel M. C.: Formulation development of smart gel periodontal drug delivery system for local delivery of chemotherapeutic agents with application of experimental design, Drug Deliv, 2010, 17(7) 520–531.
67. Akıncıbay H., Senel S. and Yetkin A. Z.: Application of chitosan gel in the treatment of chronic periodontitis, J Biomed Mater Res B Appl Biomater, 2007, 80(2) 290–296.
68. Johannsen A., Tellefsen M., Wikesjo U. and  Johannsen G.: Local delivery of hyaluronan as an adjunct to scaling and root planing in the treatment of chronic periodontitis, J Periodontol, 2009, 80(9) 1493–1497.

69. Bako J., Vecsernyes M. and Ujhelyi Z.: Composition and characterization of in situ usable light cured dental drug delivery hydrogel system, J Mater Sci Mater Med, 2013, 24(3) 659–666.

70. Ji Q. X., Zhao Q. S., Deng J. and Lu R.: A novel injectable Chlorhexidine thermosensitive hydrogel for periodontal application: preparation, antibacterial activity and toxicity evaluation, J Mater Sci Mater Me, 2010, 21(8) 2435–2442.

71. Pichayakorn W. and Boonme P.: Evaluation of cross-linked Chitosan microparticles containing metronidazole for periodontitis treatment, Mater Sci Eng C, 2013, 33(3) 1197–1202.

72. De S. F., Blanco-M. J. and Perez-E. A.: Effect of zein on biodegradable inserts for the delivery of tetracycline within periodontal pockets, J Biomater Appl, 2012, 27(2) 187–200.

73. Jamal T., Rahman A. and Mirza A.: Formulation, antimicrobial and toxicity evaluation of bioceramic based ofloxacin loaded biodegradable microspheres for periodontal infection, Current Drug Deliv, 2012, 9(5)515–526.

74. Zingale J., Harpenau L. and Bruce G.: The effectiveness of scaling and root planing with adjunctive time-release Minocycline using an open and closed approach for the treatment of periodontitis,  Gen Dent, 2012, 60(4) 300–305.

75. Rao S. K. Setty S. Acharya A. B. and Thakur S. L.: Efficacy of locally- delivered doxycycline microspheres in chronic localized periodontitis and on Porphyromonas gingivalis, J Invest Clin Dent, 2012, 3(2) 128–134.

76. Govender S., Lutchman D. and Pillay V.: Enhancing drug incorporation into tetracycline-loaded chitosan microspheres for periodontal therapy, J Microencap, 2006, 23(7)750–761.

77. Esposito E., Cortesi R. and Cervellati F.: Biodegradable microparticles for sustained delivery of tetracycline to the periodontal pocket: formulatory and drug release studies, J Microencap, 1997, 14(2) 175–187.
78. Mundargi R. S., Agnihotri S. A. and  Patil S. A.: Development and evaluation of novel biodegradable microspheres based on poly (D, Llactide- co-glycolide) and poly (epsilon-caprolactone) for controlled delivery of doxycycline in the treatment of human periodontal pocket: in vitro and in vivo studies, J Control Release, 2007, 119(1)59–68.
79. El-Kamel A. H. Ashri L. Y. Alsarra I. A.: Micromatricial metronidazole benzoate film as a local mucoadhesive delivery system for treatment of periodontal diseases, AAPS Pharmscitech, 2007, 8(3) E184–E194.
80. Bruschi M. L., De F. O. and Lara E. H.: Precursor system of liquid crystalline phase containing propolis microparticles for the treatment of periodontal disease: development and characterization, Drug Develop Ind Phar, 2008, 34(3) 267–278.
81. Aishwarya S., Mahalakshmi S. and Sehgal P. K.: Collagen-coated polycaprolactone microparticles as a controlled drug delivery system, J Microencap, 2008, 25(5) 298–306.
82. Jamal T., Rahman A. and Mirza A.: Formulation, antimicrobial and toxicity evaluation of bioceramic based ofloxacin loaded biodegradable microspheres for periodontal infection, Current Drug Deliv, 2012, 9(5) 515–526.
83. Di L., Pi S. Y., Deyu H. and Fuxiang L.: Minocycline hydrochloride liposome controlled-release gel improves rat experimental periodontitis, West China J Stomatol, 2013, 31(6)592–596.

84. Liu D. and Yang P.: Minocycline hydrochloride nano liposomes inhibit the production of TNF-a in LPS-stimulated macrophages, Int J Nanomed, 2012, (7) 4769–4775.

85. Jin H., Wu W. and Shu R.: Doxycycline nano-liposome slow-release gel improves rat periodontitis, Shanghai Kou Qiang Yi Xue Shanghai J Stomatol, 2010, 19(5) 508–511.

86. Di T. G. Riggio C. and Vittorio O.: Sub-micrometric liposomes as drug delivery systems in the treatment of periodontitis, Int J Immunopathol Pharmacol, 2011, 25(3)657–670.
87. Petelin M., Pavlica Z. and Ivanusa T.: Local delivery of liposome-encapsulated superoxide dismutase and catalase suppress periodontal inflammation in beagles, J Clin Periodontol, 2000, 27(12) 918–925.
88. Wayakanon K., Thornhill M. H. and Douglas C. I.: Polymersome-mediated intracellular delivery of antibiotics to treat Porphyromonas gingivalis-infected oral epithelial cells, FASEB J, 2013, 27(11) 4455–4465.

89. Lu Z., Rong K. and Li J.: Size-dependent antibacterial activities of silver nanoparticles against oral anaerobic pathogenic bacteria, J Mater Sci Mater Med, 2013, 24(6)1465–1471.

90. Saboktakin M. R., Tabatabaie R. M., Maharramov A. and Ramazanov M. A.: Development and in vitro evaluation of thiolated chitosan— poly (methacrylic acid) nanoparticles as a local mucoadhesive delivery system, Int J Biol Macromol, 2011, 48(3) 403–407.

91. Klepac C.V., Patel N. and Song X.: Photodynamic effects of methylene blue-loaded polymeric nanoparticles on dental plaque bacteria, Lasers Surg Med, 2011, 43(7) 600–606.
92. Moulari B., Lboutounne H. and Chaumont J. P.: Potentiation of the bactericidal activity of Harungana madagascariensis Lam. Ex Poir. (Hypericaceae) leaf extract against oral bacteria using poly (D, Llactide- Co-Glycolide) nanoparticles: in vitro study, Acta Odontol, 2006, 64(3) 153–158.
93. Lin J. H., Feng F., Yu M. C. and Wang C. H.: Modulation of periodontitis progression using pH‐responsive nanosphere encapsulating metronidazole or N‐phenacylthialzolium bromide, J. Periodontal Res., 2018, 53(1) 22-28.
94. Osorio R., Alfonso-Rodríguez C. A., Medina- Castillo A. L., Alaminos M. and  Toledano M.: Bioactive  polymeric nanoparticles for periodontal therapy, PloS One, 2016, 11(11) 1-18.

95. De Freitas L. M., Calixto G. M., Chorilli M., Giusti J. S., Bagnato V. S., Soukos N. S., Amiji M. M. and Fontana C. R.: Polymeric nanoparticle based photodynamic therapy for chronic periodontitis in vivo, Int. J. Mol, 2016, 17(5) 769.

96. Singh Y., Vuddanda P. R., Jain A., Parihar S., Chaturvedi T. P. and Singh S.: Mucoadhesive gel containing immunotherapeutic nanoparticulate satranidazole for treatment of periodontitis, Development and its clinical implications, RSC Advances, 2015, 5(59) 47659-47670.

97. Yao W., Xu P., Zhao J., Ling L., Li X., Zhang B., Cheng N. and Pang Z.: RGD functionalized polymeric nanoparticles targeting periodontitis epithelial cells for the enhanced treatment of periodontitis in dogs, J. Colloid Interface Sci., 2015, (458) 14-21.

98. Yao W., Xu P., Pang Z., Zhao J., Chai Z., Li X., Li H., Jiang M., Cheng H., Zhang B. and Cheng N.: Local delivery of minocycline loaded PEG-PLA nanoparticles for the enhanced treatment of periodontitis in dogs, Int. J. Nanomedicine., 2014, 9(1) 3963-3970.

99. Reddy N. S., Sowmya S., Bumgardner J. D., Chennazhi K. P., Biswas R. and Jayakumar R.: Tetracycline nanoparticles loaded calcium sulfate composite beads for periodontal management, Biochimica et Biophysica Acta, 2014, 1840(6) 2080-2090.

100. Aminu N., Baboota S., Pramod K., Singh M., Dang S., Ansari S. H., Sahni J. K. and Ali J.: Development and evaluation of triclosan loaded poly-ε-caprolactone nanoparticulate system for the treatment of periodontal infections, J Nanopart Res., 2013, 15(11) 2075.

101. Pinon S. E., Ganem Q. A., Alonso P. V. and Q uintanar G. D.: Preparation and characterization of triclosan nanoparticles for periodontal treatment, Int. J. Pharm., 2005, 294(1) 217-232.

102. Khan G., Yadav S. K., Patel R. R., Kumar N., Bansal M. and Mishra B.: Tinidazole functionalized homogeneous electrospun chitosan/poly (ε-caprolactone) hybrid nanofiber membrane: Development, optimization and its clinical implications, Int. J. Biol. Macromol., 2017, (103) 1311-1326.

103. Khan G., Patel R. R., Yadav S. K., Kumar N., Chaurasia S., Ajmal G., Mishra P. K. and Mishra B.: Development, optimization and evaluation of tinidazole functionalized electrospun poly (ε-caprolactone) nanofiber membranes for the treatment of periodontitis, RSC Advances, 2016, 6(102) 100214-100229.

104. Kearns V. R., Williams R. L. and Mirvakily F.: Guided gingival fibroblast attachment to titanium surfaces: an in vitro stud, J Clin Periodontol, 2013, 40(1) 99–108.

105. Reise M., Wyrwa R. and Mu¨ller U.: Release of metronidazole from electrospun poly (L-lactide-co-D/L-lactide) fibers for local periodontitis treatment, Dental Mater, 2012, 28(2) 179–188.

106. Chaturvedi T. P., Srivastava R., Srivastava A. K., Gupta V. and Verma P. K.: Doxycycline poly e-caprolactone nanofibers in patients with chronic periodontitis–a clinical evaluation. J. Clin. Diagn. Res., JCDR. 2013, 7(10) 2339-2342.

107. Chaturvedi T. P., Srivastava R., Srivastava A. K., Gupta V. and Verma P. K.: Evaluation of metronidazole nanofibers in patients with chronic periodontitis: A clinical study, Int J Pharm Investig, 2012, 2(4) 213-217.

108. Zamani M., Morshed M., Varshosaz J. and Jannesari M.: Controlled release of metronidazole benzoate from poly epsilon-caprolactone electrospun nanofibers for periodontal diseases, Int Dent Rev, 2010, 75(2) 179–185.

109. Inanc B., Arslan Y. E. and Seker S.: Periodontal ligament cellular structures engineered with electrospun poly (DL-lactide-co-glycolide) nanofibrous membrane scaffolds, J Biomed Mater Res A, 2009, 90(1) 186–195.

110. Zhang S., Huang Y. and Yang X.: Gelatin nanofibrous membrane fabricated by electrospinning of aqueous gelatin solution for guided tissue regeneration, J Biomed Mater Res A, 2009, 90(3) 671–679.































pg. 20

