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Abstract 

Hyaluronic acid is a naturally occurring linear 

polysaccharide found in connective tissue, synovial 

fluid, and other tissues' extracellular matrix. In medical 

fields such as orthopedics, dermatology, and 

ophthalmology, its use in the treatment of the 

inflammatory process is well-established. Hyaluronate 

has been shown to have anti-inflammatory, anti-

edematous, and anti-bacterial properties in the treatment 

of gingivitis and periodontitis in dentistry. Its 

administration to periodontal wound sites could achieve 

comparable beneficial effects in periodontal tissue 

regeneration and periodontal disease treatment due to its 

potential role in wound healing modulation. It could be 

used as an adjunct to mechanical therapy in the treatment 

of periodontitis because of its tissue healing properties. 

This review article focuses on the importance and recent 

advancements of hyaluronic acid in the field of 

periodontics. 

Keywords: hyaluronic acid, periodontitis, oral gel, 

hygroscopic, healing. 

Introduction 

The concept of using chemicals in treating oral diseases 

has been a widely accepted part of dental practice.  But 

the usage of chemotherapeutic agents in treating 

periodontitis is a recent initiative. It is well proven that 

mechanical therapy alone provides an excellent clinical 

response in most of the patients of chronic periodontitis. 

But in certain patients, periodontal treatment strategy 

should aim not only to reduce bacterial load by 

mechanical therapy, but should also consider a 
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combination of mechanical and chemical treatment 

which results in good recovery.[1] 

Chemotherapeutic agents can be delivered topically to 

the exposed tooth surfaces and gingiva in the form of 

dentifrices, gels, mouth rinses and supragingival 

irrigants.[1] Local delivery of antimicrobial agents into 

the subgingival environment act as an adjunctive 

treatment option for periodontal diseases. As compared 

to systemically delivered drugs, the side effects and drug 

interactions are mostly nonexistent in case of locally 

delivered agents. Topical antimicrobial agents usually 

include Chlorhexidine, Tetracyclines and metronidazole. 

Hyaluronic acid (HA), which is an extracellular 

component of connective tissue, is a recent addition to 

the classification of local chemotherapeutic agents.   

In the field of dentistry, preliminary clinical trials have 

been conducted by Pagnacco and Vangelisti in 1997.[2] 

Hyaluronic acid has shown anti-inflammatory, 

anti-oedematose, and anti-bacterial effects for the 

treatment of periodontal disease, which is mainly caused 

by the microorganisms present in subgingival plaque. It 

has been found that the equilibrium between the free 

radicals/reactive oxygen species (ROS) and antioxidants 

is the major prerequisite for healthy periodontal tissue. 

Individuals suffering from the periodontitis might be at 

higher risk of developing other systemic inflammatory 

diseases like cardiovascular diseases and diabetes.[3] 

The periodontal connective tissue consists of fibrillar 

structures like collagen, elastin fibers and reticular 

fibers, in an amorphous matrix of glycosaminoglycan. 

Hyaluronic acid (HA) is a naturally occurring 

glycosaminoglycan or linear polysaccharide of higher 

molecular weight in the extracellular matrix of 

connective tissue, synovial fluid and other tissues. It is 

the most abundant glycosaminoglycan found in the 

extracellular matrix of soft periodontal tissues.[4] It has 

various physiological and structural functional roles, 

such as cellular and extracellular interactions, 

interactions with growth factors and regulation of the 

osmotic pressure and tissue lubrication. These functions 

help in maintaining structural integrity and homeostasis 

of the tissue. The use of HA has been established in 

various medical fields such as orthopedics, dermatology 

and ophthalmology. In the field of dentistry, hyaluronic 

acid has shown anti-inflammatory as well as anti-

bacterial activities in gingivitis and periodontitis therapy. 

Its tissue healing properties makes it very useful to be 

used as an adjunct to mechanical therapy in the treatment 

of periodontitis.[5]  

However, it is also conceivable that HA administration 

to periodontal wound sites could achieve beneficial 

effects in periodontal tissue regeneration and periodontal 

disease treatment. 

A Basic Knowledge on Hyaluronic Acid 

History 

Hyaluronic acid was discovered in 1934 by Karl Meyer 

and his colleague John Palmer, scientists at Columbia 

University, New York, who isolated a chemical 

substance from the vitreous jelly of cow's eyes.[6] They 

proposed the name hyaluronic acid as it was derived 

from Greek word hyalos (glass) and contained two sugar 

molecules one of which was uronic acid. The first 

hyaluronan biomedical product, Healon, was developed 

in the 1970s and 1980s by Pharmacia and approved for 

use in eye surgery (i.e., corneal transplantation, cataract 

surgery, glaucoma surgery, and surgery to repair retinal 

detachment).[7] 

In the late 1970s, intraocular lens implantation was often 

followed by severe corneal edema, due to endothelial 

cell damage during the surgery. It was evident that a 

viscous, clear, physiologic lubricant to prevent such 

scraping of the endothelial cells was needed. [8,9] 

https://en.wikipedia.org/wiki/Pharmacia
https://en.wikipedia.org/wiki/Eye_surgery
https://en.wikipedia.org/wiki/Corneal_transplantation
https://en.wikipedia.org/wiki/Glaucoma
https://en.wikipedia.org/wiki/Retinal_detachment
https://en.wikipedia.org/wiki/Retinal_detachment
https://en.wikipedia.org/wiki/Corneal
https://en.wikipedia.org/wiki/Edema
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Since its discovery in the early 1930s, there has been an 

increased awareness concerning the biology of 

hyaluronic acid, it’s signaling pathways and its role in 

the biomedical and cosmeceutical industry. Being an 

endogenous molecule, hyaluronic acid is biocompatible, 

bio degradable, and has strong mucoadhesive, visco 

elastic properties.  

Properties of Hyaluronic Acid 

Through its complex interactions with matrix 

components and cells, hyaluronan has multifaceted roles 

in biology utilizing both of its physicochemical and 

biological properties. 

These biological responsibilities range from basic 

structural functions in the extracellular matrix to 

developmental regulation via effects on cellular behavior 

via tissue macro- and micro environment control, as well 

as direct receptor-mediated gene expression effects. It 

possesses unique hygroscopic and viscoelastic 

capabilities among extra cellular matrix compounds.[10] 

Hygroscopic Nature  

Hyaluronic acid is one of the world's most hygroscopic 

compounds. Hydrogen bonding between adjacent 

carboxyl and N-acetyl groups occurs when HA is 

absorbed into aqueous solution; this property allows 

hyaluronic acid to maintain conformational rigidity and 

retain water. Hyaluronic acid can bind up to 6 liters of 

water per gramme. It has functions in space filling, 

lubrication, shock absorption, and protein exclusion as a 

physical background material.[11] 

Viscoelastic Properties  

The material's viscoelastic qualities may impede virus 

and bacteria penetration, which is a property of great 

importance in the treatment of periodontal disorders. As 

a viscoelastic material, hyaluronan aids in periodontal 

regeneration by maintaining gaps and protecting 

surfaces.[12] Through recognition of its hygroscopic and 

viscoelastic nature, hyaluronic acid can influence the cell 

function that modify the surrounding cellular and the 

extracellular micro and macro environments. 

Chemistry and Physiochemical Properties 

HA is a non-sulphated GAG and is composed of 

repeating polymeric disaccharides of D-glucuronic acid 

and N-acetyl-D-glucosamine linked by a glucuronic β 

(1→3) bond as shown in Figure 1.[13] HA forms certain 

stable tertiary complexes in aqueous solutions.[14] HA 

possesses a diversity of physicochemical features despite 

its simple composition, which includes no differences in 

sugar composition or branching points. Depending on 

their size, salt content, pH, and related cations, HA 

polymers come in a variety of topologies and forms.[15] 

HA is not covalently connected to a protein core, unlike 

other GAGs, although it can aggregate with 

proteoglycans.[16] HA encompasses a large volume of 

water giving solutions high viscosity, even at low 

concentrations. 

 
Figure 1: Chemistry of Hyaluronic Acid 

Anti-inflammatory Properties 

Exogenous Hyaluronan acts as a scavenger, draining 

prostaglandins, metalloproteinases, and other bioactive 

compounds, which may explain why HA has an anti-

inflammatory impact.[17] 

Anti-oedematous Properties 

The anti-oedematous effect of HA may also be related to 

the osmotic activity. Due to its acceleration in tissue 
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healing properties, it could be used as an adjunct to 

mechanical therapy.[18] 

Antioxidant Properties 

In a somewhat contradictory role, however, hyaluronan 

may regulate the inflammatory response, acting as an 

antioxidant by scavenging ROS. Thus, hyaluronan may 

help to stabilize the granulation tissue matrix.[19] 

 

Figure 2: Properties of Hyaluronic Acid 

Physiology of Hyaluronic Acid 

Hyaluronic acid is a non-sulphureous component that is 

important for the structure and function of the 

extracellular matrix in a variety of tissues, including the 

vitreous corpus, synovial fluid, umbilical cord, synovial 

joints, skin (where it is a major component of the basal 

epidermis with a concentration of 55%), and oral 

mucosa, including mineralized and non-mineralized 

periodontal tissues. Hyaluronic acid has been found in 

varying amounts in all periodontal tissues, with non-

mineralized tissues - gingiva and periodontal ligament - 

being more abundant than mineralized tissues - cement 

and alveolar bone.[20] Because of the high concentration 

of hyaluronic acid in blood serum, it is found in great 

quantities in the gingival fluid as a serum factor.[21] 

Physiology of Hyaluronic Acid in Gingival Tissue 

Endogenous hyaluronic acid is a naturally occurring 

biological material that is a key component of 

connective tissue matrix, particularly the gingiva. Its 

combination with other proteoglycans and collagen gives 

connective tissue's extracellular matrix stability and 

flexibility. Hyaluronic acid forms a viscous macro 

aggregate that regulates tissue hydration and enables the 

passage of substances in the interstitial space by creating 

hydrogen bonds with various proteins and water 

molecules. 

Hyaluronic acid is capable of absorbing 50 times its dry 

weight in water. This compacts the tissue matrix, 

increasing small-molecule exchange and diffusion while 

also acting as a barrier to macromolecules and other 

invading substances. Hyaluronic acid works as a 

regulator of migration and cellular defense processes, 

which are particularly crucial in wound healing and 

tissue regeneration, when it attaches to cell receptors that 

are only present on active defense cells. CD44, a 

heparin-type proteoglycan containing sulphate that is 

specific for epithelial cells at the epithelial-mesenchymal 

border and regulates interactions between cells and the 

extracellular matrix, including their association with 

hyaluronic acid, is likely to bind to hyaluronic acid. In 

the presence of pathogenic bacterial flora, this same type 

of receptor is engaged in the interaction between 

gingival fibroblasts and T and B lymphocytes, and it can 

speed up the gingival immune response. The stimulation 

of fibroblasts with bacterial endotoxin increases its 

production. [22,23] 

Uses of Hyaluronic Acid 

HA is involved in a variety of physiological and 

biological processes. In cartilage and other tissues, it 

serves as a structural component. To produce 

proteoglycans, it connects with proteins that are rich in 

the other forms of glycosaminoglycans. Many cell 

processes, such as cell proliferation, recognition, and 

movement, are directly or indirectly associated to HA, 

which will contribute to its tissue healing properties.[24] 

Because of its unique physiochemical properties and 

most importantly the non-immunogenicity of the highly 
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purified form, Hyaluronan has already found medical 

applications for many years. Some important clinical 

applications are: 

1. It is used as dermal filler in the field of cosmetic 

dermatology.[25] 

2. Scar formation in the surgical wounds can be 

prevented by the administration of HA during surgery. 

3. Many reports have attested to the effects of exogenous 

Hyaluronan in producing beneficial wound healing 

outcomes.[26] 

4. In orthopedics, for treatment osteoarthritis of the knee 

and rheumatoid arthritis.[27] 

5. In ophthalmology, for treatment of cataract and 

xeropthalmia.  

6. In the field of tissue engineering, hyaluronan has also 

been studied. Because of its importance in 

organogenesis, cell migration, and overall development. 

Oncology 

The realm of oncology is another area where HA may be 

more commonly used. Many cancers have an elevated 

HA content in the stroma and adjacent tissue matrix, 

which can be problematic. In malignancies of epithelial 

origin, there is a particularly large increase in the level of 

HA (as stated by Kultti, as many as 87 percent cases of 

adenocarcinomas of the pancreas have a high expression 

of HA). In the vast majority of cases, this procedure is 

linked to a negative prognosis. This is owing to the fact 

that an increase in HA production is linked to apoptosis, 

treatment resistance, and invasiveness. Increased 

interstitial pressure is linked to an increase in HA in the 

tumor environment, which can lead to constriction of the 

supplying blood vessels' lumen. Hypoxia and medication 

resistance are the results of this condition. Aside from its 

physicochemical features, HA plays a critical role in 

tumor physiology, particularly through its action on 

tumor cell receptors. [28,29] 

Ophthalmology  

In ophthalmology, HA has a variety of applications, both 

conservative and operative. Due to its viscoelastic 

qualities, it is commonly employed as a "lubricant" 

component and is frequently used as the principal 

ingredient in artificial tear compositions for the 

alleviation of dry eye. It soothes inflammation, hydrates 

the eye, and restores sodium hyaluronate deficiency in 

the tear film. The chemical is frequently found in a form 

that is free of preservatives. Those who wear contact 

lenses need to use eye drops. Its unique qualities, such as 

tear film stability, reduced friction during blinking, and a 

significant reduction in hazardous chemicals attaching to 

the eye, significantly relieve dry eye symptoms. More 

than 50% of people cite dry eye the main reason for 

resignation from wearing contact lenses.[30] 

Aesthetic dermatology  

The most often used cosmetic filler is sodium 

hyaluronate (KH). Which has the role of filling and 

plumping up the extracellular tissue space. It's utilized to 

fill minor, superficial wrinkles and provide the skin 

elasticity and flexibility in liquid formulations, while 

cross-linked preparations are used to improve face 

features, model the breast in women, the thorax in males, 

and the buttocks. Correction of nasolabial folds and 

wrinkles, as well as mitigating horizontal forehead 

wrinkles, raising eyebrows, positioning the nose, 

changing the shape and volume of the lips, modelling the 

cheeks and chin, body contouring (enlargement and 

modelling of breasts, thighs, buttocks, and calves), and 

most recently improving the shape of the labia, can all 

produce excellent results (labiaplasty). Small volumes of 

HA are injected intradermally or subcutaneously to give 

approximately 6 months of fill effect. The drugstores 

also sell many creams and oral formulations containing 

KH but till now, no randomized studies have confirmed 
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a positive, long-term smoothing effect on skin wrinkles 

using these methods.[31] 

Role of Hyaluronic Acid in the Field of Period 

ontology 

Hyaluronic acid is an important component of the human 

organism and is involved in almost all regenerative 

processes which take place in the human body. 

Hyaluronic acid is a major component of the 

extracellular matrix in almost all tissues. As such, its 

primary role is to bind water to permit the transportation 

of key metabolites and maintain tissue structure. Besides 

this hyaluronic acid have its various roles in gingival 

tissues, periodontal regeneration, periodontal wound 

healing, periodontal diseases and SRP (Scaling and Root 

Planing). 

Hyaluronic Acid and Gingival Tissues 

Endogenous hyaluronic acid is a naturally occurring 

biological substance that is a major component of 

connective tissue matrix, particularly the gingiva. 

Hyaluronic acid forms a viscous macro aggregate that 

regulates tissue hydration and allows the flow of 

substances in the interstitial space by forming hydrogen 

bonds with various proteins and water molecules.  

Hyaluronic acid acts as a regulator of migration and 

cellular defense mechanisms, which are particularly 

important in wound healing and tissue repair, when it 

binds to cell receptors that are only present on active 

defense cells. CD44, a heparin-type proteoglycan 

containing sulphate that is specific for epithelial cells at 

the epithelial-mesenchymal border and regulates 

reactions between cells and the extracellular matrix, 

particularly their binding with hyaluronic acid, is likely 

to bind to hyaluronic acid. In the presence of pathogenic 

bacterial flora, this same type of receptor is involved in 

the interaction between gingival fibroblasts and T and B 

lymphocytes, and it can speed up the gingival immune 

response. The stimulation of fibroblasts with bacterial 

endotoxin increases its production. [32,33] 

Hyaluronic Acid and Periodontal Regeneration 

Inflammation, granulation tissue formation, and 

epithelium remodelling are all processes that hyaluronic 

acid plays a role in during the healing of chronic injuries 

in both mineralized and non-mineralized periodontal 

tissues.[34] In the early stages of inflammation, hyaluronic 

acid plays a number of roles, including providing a 

structural framework by interacting with fibrin plugs, 

which modulates inflammatory cell infiltration from the 

host's extracellular matrix. Hyaluronic acid also causes 

fibroblasts, keratinocytes, cement oblasts, and 

osteoblasts[35] to produce a series of polypeptide 

molecules (pro-inflammatory cytokines), which 

promotes the inflammatory response and, as a result, 

stimulates hyaluronic synthesis by blood vessel 

endothelial cells.[36] Hyaluronic acid is still involved in 

the activation of inflammatory cells like 

polymorphonuclear leukocytes and macrophages, as well 

as their migration and adherence at the site of injury, 

phagocytosis, and microbial pathogen destruction. 

HA accelerates the bone regeneration by means of 

chemotaxis, proliferation and successive differentiation 

of mesenchymal cells. HA shares bone induction 

characteristics with osteogenic substances such as bone 

morphogenetic protein-2 and Osteopontin.[37] 

Hyaluronic Acid and Periodontal Wound Healing 

The chemoattraction of cells that accumulate and debride 

the injured tissue, foreign material, and microbial cells 

initiates a series of highly reproducible and rigidly 

controlled biologic events (inflammation, granulation 

tissue formation, epithelium formation, and tissue 

remodelling) that begin with chemoattraction of cells 

that accumulate and debride the injured tissue, foreign 

material, and microbial cells as shown in Figure 3. The 
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formation and maturation of new extracellular matrix, 

which restores tissue resistance to functional stress, 

culminates these events.[38] 

 

Figure 3: Role of hyaluronic acid in wound healing 

Hyaluronic Acid and Periodontal Diseases 

Periodontal tissue is a unique complex in which the non-

mineralized gingival epithelium and other mineralized 

tissues form a union at the Cementoenamel Junction 

(CEJ). Maintaining the integrity of the union is critical 

for providing an effective barrier against microbial 

invasion and preventing bacterial toxins, enzymes, and 

other agents from destroying deeper periodontal tissues 

like the periodontal ligament, cement, and alveolar bone. 

Chronic inflammation associated with periodontal 

disease has harmed the structural integrity of the union, 

with such developments having harmful effects on the 

extracellular matrix of the deeper periodontal tissues, 

including collagen, proteoglycans, and hyaluronic acid. 

HA is an essential component of the periodontal 

ligament matrix and plays various important roles in cell 

adhesion, migration and differentiation mediated by the 

various HA binding proteins and cell-surface receptors 

such as CD44.[39] HA has been studied as a metabolite or 

diagnostic marker of inflammation in the gingival 

crevicular fluid (GCF) as well as a significant factor in 

growth, development and repair of tissues.[40] 

 

Safety Protocol  

Hyaluronic acid is biocompatible and intrinsically safe 

to use, with no evidence of cytotoxicity has been 

found.[41] Hyaluronic acid gel, injections or oral (by 

mouth), should not be used in patients with allergies. 

Adverse Effects of Hyaluronic Acid  

The side effects (not severe) of hyaluronic acid includes: 

 Bruising  

 Swelling  

 Redness 

 Pain 

 Itching  

 Tenderness at the injection site. 

Hyaluronic Acid as a Toothpaste, Mouthwash and 

Oral Gel 

HA has shown various anti-inflammatory, bacteriostatic 

and anti-plaque properties, due to which in the recent 

advancements and developments of new formulation of 

toothpastes, mouthwashes and oral gels, inclusion of HA 

is observed.  

Hyaluronic Acid as Toothpaste 

In various studies that were conducted, HA has been 

formulated in dentifrice as a wetting agent. The 

composition of toothpastes consists of remineralizing 

ingredient known as, nano-hydroxyapatite (nHAP). On 

addition of HA to dentifrice, showed increase in the 

activity of nHAP at various concentrations, hence 

concluding that there is a significantly higher 

remineralization of teeth when HA is added. 

Hyaluronic Acid as Mouthwash 

HA has been seen in combination with quaternary 

ammonium compound with a broad- spectrum 

antimicrobial activity like Cetylpyridinium chloride 

(CPC).[36] A novel mouth rinse combining 

Cetylpyridinium chloride and hyaluronic acid, has 

shown similar effects to chlorhexidine (CHX) in 
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preventing accumulation of plaque. This mouthwash 

combination has shown synergistic effects and seems to 

be promising if ever used as regular home 

mouthwashes.[42] 

Hyaluronic Acid as Oral Gel 

HA has shown significant results when used as an 

adjunct to scaling and root planning (SRP) in gel form. 

In the present era, demand of esthetics has increased. So, 

construction of interdental papilla, especially in the 

esthetic zone, which appears as “black triangles”, is one 

of the most challenging tasks. Interdental “black 

triangles” were considered as the third most disliked and 

less attractive esthetic problem after caries and crown 

margins.[43] Various economically feasible injectable 

form of hyaluronic acid (HA) gel in various 

concentrations like, 1%, 2%, 5% HA etc. have been 

evaluated for finding their efficacy in the enhancement 

of deficient interdental papilla.  

Metronidazole is a synthetic composite derivative of 

nitroimidazole class of antibiotic that restricts with 

bacterial DNA synthesis, causing cell death.[44] 

Hyaluronic acid in combination with metronidazole 

(MTZ) in gel form is observed to have positive effects in 

chronic periodontitis cases. A local type of 

metronidazole present in gel form usually forms 

reversed hexagonal liquid crystals when coming in 

contact with gingival crevicular fluid (GCF).[45] This 

retains the medicine sub gingivally for long durations by 

preventing the gel from facile exit outside the 

periodontal pocket. Topical application of sub gingivally 

hyaluronic acid gel can be used as an antimicrobial agent 

as an adjunct to root surface debridement and in 

addition, it also has osteoinductive properties.[46] 

 

 

Future Perspective of Hyaluronic Acid in 

Periodontics 

Hyaluronic acid is a naturally occurring component that 

is found throughout the body (50 percent in the skin) and 

has excellent moisturizing and re-modelling properties. 

Hyaluronic acid is constantly renewed due to its half-life 

of less than one day (50 percent of total hyaluronic acid 

is degraded in less than a day). Today, HA is widely 

used in many fields of medicine, including dentistry, for 

the treatment of acute and chronic inflammatory 

diseases. Clinical studies have shown good results and a 

high level of patient tolerance and acceptability, 

indicating the clinical value of hyaluronic acid in the 

treatment and management of gingival disease.[47] It is 

clear that it serves a more functional purpose in the 

treatment of chronic changes, such as those caused by 

periodontal disease. Hyaluronic acid appears to be a 

promising candidate as a mediator of periodontal tissue 

regeneration and treatment, promoting rapid symptom 

remission not only in the marginal gingiva, but also in 

deeper periodontal tissues, according to preliminary 

evidence.[48] 

Future research and technological advancements are 

needed to improve the oral use of HA, such as studies on 

mucosal adsorptive phenomena, signage-size 

dependency, and intestinal and systemic effects of 

crosslinked HA. Nanotechnology must also be taken into 

account because it is a promising tool for creating 

stabilized and sized formulations that can interact with 

specific receptors and promote differentiated signals. 

Summary and Conclusion 

Hyaluronic acid is a naturally occurring component that 

can be found throughout the body (50 percent in the 

skin) and has excellent moisturizing and remodelling 

properties. Hyaluronic acid appears to be a promising 

candidate as a mediator of periodontal tissue 
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regeneration and treatment, promoting rapid symptom 

remission not only in the marginal gingiva, but also in 

deeper periodontal tissues, according to preliminary 

evidence. Hyaluronan plays a multifunctional role in 

wound healing, and it's possible that a similar healing 

mechanism exists in periodontal tissues. Advances have 

been made in the development and application of 

Hyaluronan-based biomaterials in the treatment of 

various inflammatory conditions as a result of the many 

functions attributed to Hyaluronan during wound 

healing. However, more research into the therapeutic 

effects of hyaluronic acid in periodontal disease is 

needed to determine the true benefits of its use and the 

full realization of periodontal tissue regeneration. 

References 

1. Slots J. The search for effective, safe, and 

affordable periodontal therapy: Periodontol 2000 

2002;28:9–11. 

2. Pagnacco A, Vangelisti R, Erra C, Poma A. 

Double-blind clinical trial versus placebo of a new 

sodium-hyaluronate-based gingival gel. Attual Ter In 

1997; 15:1-7. 

3. Pihl Strom BL, Michanowicz BS, Johnson NW. 

Periodontal diseases. Lancet 2005; 366:1809-20. 

4. Mesa FL, Aveiro’s J, Cabrera A, Bravo M, 

Caballero T, Revelles F et al. Antiproliferative effect of 

topic hyaluronic acid gel. Study in gingival biopsies of 

patients with periodontal disease: Histol Histopathol 

2002; 17:747–53. 

5. Fraser JR, Laurent TC, Laurent UB. Hyaluronan: Its 

nature, distribution, functions and turnover. J Intern Med 

1997; 242:27-33. 

6. Veda Murthy M. Soft tissue augmentation - Use of 

hyaluronic acid as dermal filler. Indian J     Dermatol 

Venereol Leprol 2004; 70:383-7. 

7. Meyer, Karl, Palmer, John W. (December 1934). 

"THE POLYSACCHARIDE OF THE VITREOUS 

HUMOR". Journal of Biological Chemistry. 107 (3): 

629–634. 

8. Miller D, O'Connor P, William J. "Use of Na-

Hyaluronate during intraocular lens implantation in 

rabbits". Ophthal. Surg. 1977; 8: 58–61. 

9. Miller D, Stegmann R. Healon: A Comprehensive 

Guide to its Use in Ophthalmic Surgery. New York: J 

Wiley 1983. 

10. Stern R, Asari AA, Sugahara KN. Hyaluronan 

fragments: an information-rich system. Eur J Cell Biol 

2006; 85:699-715. 

11. Sutherland IW. Novel and established applications of 

microbial polysaccharides. Trends Biotechnol 1998; 

16:41- 6. 

12. Weissman B, Meyer K. The structure of 

hyalobiuronic acid and of hyaluronic acid from 

umbilical cord. J Am Chem Soc 1954; 76:1753-7 

13. Scott JE, Heatley F. Hyaluronan forms specific 

stable tertiary structures in aqueous solution: a 13C 

NMR study. Proc Natl Acad Sci U S A 1999; 96:4850-5 

14. Laurent TC. Structure of hyaluronic acid. In: Balazs, 

EA, ed. Chemistry and Molecular Biology of the 

Intercellular Matrix, Academic Press: New York, 1970: 

p. 703 

15. Bates EJ, Harper GS, Lowther DA, Preston BN. 

Effect of oxygen-derived reactive species on cartilage 

proteoglycan-hyaluronate aggregates. Biochem Int 1984; 

8:629-3 

16. Laurent TC, Laurent UB, Fraser JR. Functions of 

hyaluronan. Ann Rheum Dis 1995; 54:429-32. 

17. Jentsch H, Pomowski R, Kundt G, Gocke R. 

Treatment of gingivitis with hyaluronan. J Clin 

Periodontol 2003; 30:159-64 



 Dr. Madhulika Banerjee, et al. International Journal of Dental Science and Innovative Research (IJDSIR) 
 

 
© 2022 IJDSIR, All Rights Reserved 
 
                                

Pa
ge

10
7 

Pa
ge

10
7 

Pa
ge

10
7 

Pa
ge

10
7 

Pa
ge

10
7 

Pa
ge

10
7 

Pa
ge

10
7 

Pa
ge

10
7 

Pa
ge

10
7 

Pa
ge

10
7 

Pa
ge

10
7 

Pa
ge

10
7 

Pa
ge

10
7 

Pa
ge

10
7 

Pa
ge

10
7 

Pa
ge

10
7 

Pa
ge

10
7 

Pa
ge

10
7 

Pa
ge

10
7 

  

18. Waddington RJ, Moseley R, Embrey G. Reactive 

oxygen species: A potential role in the pathogenesis of 

periodontal diseases. Oral Dis 2000; 6:138-51. 

19. Rahemtulla F. Proteoglycans of oral tissues. Crit Rev 

Oral Biol Med, 1992; 3:3-67. 

20. Engstrom-Laurent A, Laurent UBG, Liu K, Laurent 

TC. Concentration of sodium hyaluronate in serum. 

Scand. J Clin Lab Invest, 1985; 45:497-504. 

21. Kobayashi H, Terao T. Hyaluronic acid-specific 

regulation of cytokines by human uterine fibroblasts. 

Am J Physiol, 1997; 276:C151-C159 

22. Mohamad Zadeh M, De Greendale H, Arizpe H, 

Estes’s P, Siegelman M. Proinflammatory stimuli 

regulate endothelial hyaluronan expression and CD44/H 

independent primary adhesion. J Clin Invest, 1998; 

101:97-108. 

23. Samuel SK, Hurta RA, Spearman MA, Wright JA, 

Turley EA, Greenberg AH. TGF-beta 1 stimulation of 

cell locomotion utilizes the hyaluronan receptor 

RHAMM and hyaluronan. J Cell Biol 1993; 123:749-58 

24. Monheit GD, Coleman KM. Hyaluronic acid fillers. 

Dermatol Ther 2006; 19:141-50. 

25. King SR, Hickerson WL, Proctor KG. Beneficial 

actions of exogenous hyaluronic acid on wound healing. 

Surgery 1991; 109:76-84. 

26. Balazs EA, Denlinger JL. Visco supplementation: A 

new concept in the treatment of osteoarthritis. J 

Rheumatol Suppl 1993; 39:3-9. 

27. Kultti A, Xiaoming L, Ping J. Therapeutic targeting 

of hyaluronan in the tumor stroma. Cancers 2012; 4: 

873–903. 

28. Jacobetz MA, Chan DS, Neesse A. Hyaluronan 

impairs vascular function and drug delivery in a mouse 

model of pancreatic cancer. Gut 2013; 62: 112–20. 

29. Maltese A, Borzacchiello A, Mayol L. Novel 

polysaccharides-based viscoelastic formulations for 

ophthalmic surgery: rheological characterization. 

Biomaterials 2006; 27: 5134–42. 

30. Kanchwala SK, Holloway L, Bucky LP. Reliable 

soft tissue augmentation: a clinical comparison of 

injectable soft-tissue fillers for facial-volume 

augmentation. Ann Plast Surg 2005; 55: 30–5. 

31. Rahemtulla F. Proteoglycans of oral tissues. Crit 

Rev Oral Biol Med 1992; 3:3-67. 

32. Engstrom-Laurent A, Laurent UBG, Liu K, Laurent 

TC. Concentration of sodium hyaluronate in serum. 

Scand J Clin Lab Invest, 1985; 45:497-504. 

33. Bart old PM, Page RC. The effect of chronic 

inflammation on gingival connective tissue 

proteoglycans and hyaluronic acid. J Oral Pathol, 1986; 

15:367-374. 

34. Moseley R, Waddington RJ, Embrey G. Degradation 

of glycosaminoglycans by reactive oxygen species, 

derived from stimulated polymorphonuclear leukocytes. 

Biochim Biopsy’s Acta, 1997; 1362:221-231. 

35. Laurent TC. The Chemistry, Biology and Medical 

Applications of Hyaluronan and its Derivatives. Wenner 

Gren International Series. Vol. 72, London: Portland 

Press, 1998. 

36. Mendes RM, Silva GA, Lima MF, Calliari MV, 

Almeida AP, Alves JB et al. Sodium hyaluronate 

accelerates the healing process in tooth sockets of rats. 

Arch Oral Biol 2008; 53:1155-62. 

37. Bertolami CN, Day RH, Ellis DG. Separation and 

properties of rabbit buccal mucosal wound 

hyaluronidase. J Dent Res 1986; 65:939-44. 

38. Oksala O, Salo T, Tammi R, Hakkinen L, Jalkanen 

M, Inki P et al. Expression of proteoglycans and 

hyaluronan during wound healing. J Histochem 

Cytochem 1995; 43:125-35. 



 Dr. Madhulika Banerjee, et al. International Journal of Dental Science and Innovative Research (IJDSIR) 
 

 
© 2022 IJDSIR, All Rights Reserved 
 
                                

Pa
ge

10
8 

Pa
ge

10
8 

Pa
ge

10
8 

Pa
ge

10
8 

Pa
ge

10
8 

Pa
ge

10
8 

Pa
ge

10
8 

Pa
ge

10
8 

Pa
ge

10
8 

Pa
ge

10
8 

Pa
ge

10
8 

Pa
ge

10
8 

Pa
ge

10
8 

Pa
ge

10
8 

Pa
ge

10
8 

Pa
ge

10
8 

Pa
ge

10
8 

Pa
ge

10
8 

Pa
ge

10
8 

  

39. Pogrel MA, Lowe MA, Stern R. Hyaluronan 

(hyaluronic acid) in human saliva. Arch Oral Biol 1996; 

41:667-71. 

40. Campoccia D, Doherty P, Radice M, Brun P, 

Abatangelo G, Williams DF et al. Semisynthetic 

resorbable materials from hyaluronan esterification. 

Biomaterials 1998; 19:2101-27. 

41. Quisno R, Foter M J. Cetyl Pyridinium Chloride: I. 

Germicidal Properties. J. Bacteriol. 1946; 52:111–117. 

42. Tadakamadla S K, Bharathwaj V V, Duraiswamy P, 

Sforza C, Tartaglia G.M. Clinical efficacy of a new cetyl 

pyridinium chloride-hyaluronic acid-based mouth rinse 

compared to chlorhexidine and placebo mouth rinses-A 

21-day randomized clinical trial. Int. J. Dent. Hyg. 2020; 

18:116–123. 

43. Cunliffe J, Pretty I. Patients’ ranking of interdental 

“black triangles” against other common aesthetic 

problems. Eur J Prosthodont Restor Dent. 2009; 17:177–

81. 

44. Miani PK, do Nascimento C, Sato S, Filho AV, da 

Fonseca MJ, Pedrazzi V et al. In vivo evaluation of a 

metronidazole-containing gel for the adjuvant treatment 

of chronic periodontitis: Preliminary results. Eur J Clin 

Microbiol Infect Dis 2012; 31:1611-8. 

45. Norling T, Lading P, Engstrom S, Larsson K, Krog 

N, Nissen SS et al. Formulation of a drug delivery 

system based on a mixture of monoglycerides and 

triglycerides for use in the treatment of periodontal 

disease. J Clin Periodontol 1992; 19:687-92. 

46. Johannsen A, Tellefsen M, Wikesjo U, Johannsen G. 

Local delivery of hyaluronan as an adjunct to scaling and 

root planing in the treatment of chronic periodontitis. J 

Periodontol. 2009; 80:1493-7 

47. Bertolami CN, Day RH, Ellis DG. Separation and 

properties of rabbit buccal mucosal wound 

hyaluronidase. J Dent Res, 1986; 65:939-944. 

48. Lees VC, Fan TP, West DC. Angiogenesis in a 

delayed vascularization model is accelerated by 

angiogenic oligosaccharides of hyaluronan. Lab Invest, 

1995; 73:259-266. 
 

 

 


