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Review Article

Introduction
Hyaluronic acid  (HA) is a naturally occurring linear 
polysaccharide of the extracellular matrix of connective 
tissue, synovial fluid, and other tissues. It possesses 
various physiological and structural functions, which 
include cellular and extracellular interactions, interactions 
with growth factors and regulation of the osmotic 
pressure, and tissue lubrication. All these functions help 
in maintaining the structural and homeostatic integrity 
of the tissue. Extensive studies on the chemical and 
physicochemical properties of HA and its physiological 
role in humans have proved that it is an ideal biomaterial 
for cosmetic, medical, and pharmaceutical applications.

In the field of dentistry, preliminary clinical trials have 
been conducted by Pagnacco and Vangelisti in 1997.[1] 
HA has shown anti‑inflammatory, anti‑oedematous, 
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.[2] Sardi 
suggested that the co‑existence of periodontal disease 
and diabetes could pathologically increase the effect of 
oxidative stress.[3] While, Pendyala et al. found that the 
total antioxidant capacity is inversely proportional to the 
severity of inflammation and can be used as an useful 
marker of periodontitis in health and diabetic patients.[4] 
However, it is also conceivable that HA administration 
to periodontal wound sites could achieve beneficial 
effects in periodontal tissue regeneration and periodontal 
disease treatment.[5]

The aim of this review, article is to discuss various 
physiochemical, biochemical, and pharmaco‑therapeutic 
uses of HA, especially in relation to treatment of 
periodontal disease. The Pubmed/Medline database was 
searched for keywords “HA and periodontal disease,” 
which resulted in 89 articles and “HA and gingivitis” 
revealed 22 articles. Only highly relevant articles from 
electronic and manual search in English literature were 
selected for the present review article.
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History
HA was discovered in 1934 by Meyer et al. 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 HA as it was derived 
from the Greek word hyalos (glass) and contained two 
sugar molecules one of which was uronic acid.

Chemistry
The precise chemical structure of HA contains repeating 
units of d‑glucoronic acid and N–acetyl‑d‑glucosamine. 
The primary structure of the polysaccharide comprises 
of an unbranched linear chain with the monosaccharides 
linked together through alternating β1,3 and β1,4 
glycosidic bonds.[7] Hydrophobic faces exist within 
the secondary structure of HA, formed by the axial 
hydrogen atoms of about eight carbon‑hydrogen  (CH) 
groups on the alternating sides of the molecule. Such 
hydrophobic patches, energetically favor the formation 
of meshwork‑like β‑sheet tertiary structure as a result of 
molecular aggregation. The tertiary structure is stabilized 
by the presence of intermolecular hydrogen bonding. 
The hydrophobic and hydrogen bonding interactions in 
combination with the countering electrostatic repulsion 
enable large numbers of molecules to aggregate leading to 
the formation of molecular networks (matrices) of HA. The 
structural formula of HA has been explained in Figure 1.

Origin, body reservoir and metabolism of HA
HA is found in almost all vertebrate organs, but most 
abundantly in the extracellular matrix of soft connective 
tissues. In the skin, it has a protective, structure 
stabilizing and shock‑absorbing role. The estimated total 
amount of HA in human skin has been reported to be 

5 g,[8] about a third of the total amount of HA believed 
to be present within the entire human body. The highest 
concentrations of HA are found in soft connective tissues 
(umbilical cord, synovial fluid, skin) and the lowest in 
blood serum.[9]

Most cells of the body are capable of synthesizing 
HA and synthesis take place in the cell membrane. 
HA is synthesized in the plasma membrane by a 
membrane‑bound protein. Synthesized HA is directly 
secreted into the extracellular space. It is also produced 
by fibroblasts in the presence of endotoxins.

HA (Hyaluronan) has been identified in all periodontal 
tissues, being particularly prominent in the non‑mineralized 
tissues such as gingiva and periodontal ligament and 
in only low quantities in mineralized tissues such as 
cementum and alveolar bone. The high molecular weight 
hyaluronan present in the periodontal tissues is synthesized 
by hyaluronan synthase  (HAS) enzymes  (HAS1, HAS2 
and HAS3) in various cells from the periodontal tissues, 
including fibroblasts and keratinocytes in gingiva and 
periodontal ligament, cementoblasts in cementum and 
osteoblasts in alveolar bone.[10]

The turnover of HA content in the tissues occurs either 
by lymphatic drainage to the blood stream or by local 
metabolism. In skin and joints, some 20‑30% of HA 
turnover occurs by the local metabolism, and the rest is 
removed by the lymphatic pathways. Upon reaching the 
blood stream, about 85‑90% is eliminated in the liver. The 
kidneys extract about 10% but excrete only 1‑2% in the 
urine. The tissue half‑life of HA ranges from half a day 
to 2 or 3 days, regardless of its route of elimination.[11]

Properties of HA
HA has unique physiochemical and biological 
properties, which makes it useful in the treatment of 
the inflammatory process in medical areas such as 
orthopedics, dermatology, and ophthalmology [Figure 2].

Hygroscopic nature
HA is one of the most hygroscopic molecules known in 
nature. When HA is incorporated into aqueous solution, 
hydrogen bonding occurs between adjacent carboxyl 
and N‑acetyl groups; this feature allows HA to maintain 
conformational stiffness and to retain water. One gram of 
HA can bind up to 6 L of water. As a physical background 
material, it has functions in space filling, lubrication, 
shock absorption and protein exclusion.[12]

Viscoelastic properties
Hyaluronan as a viscoelastic substance assists in 
periodontal regenerative procedures by maintaining 

Figure 1: Structure of Hyaluronan. (a) Chemical structure 
of Hyaluronan. (b) 3D model of the Hyaluronan structure. 
(c)  Hyaluronan is abundant, long, unsulfated glycosaminoglycan 
(up to 25,000 sugars), synthesized in the extra-cellular matrix by an 
enzyme complex in the plasma membrane
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spaces and protecting surfaces. Through recognition 
of its viscoelastic nature, HA can influence the cell 
functions that modify the surrounding cellular and 
the extracellular micro and macro environments. 
The viscoelastic properties of the material may slow 
the penetration of viruses, and bacteria, a feature of 
particular interest in the treatment of periodontal 
diseases.[12]

Bacteriostatic effect
Recent studies on regenerative surgical procedures 
indicate that reduction of bacterial burden at the wound 
site may improve the clinical outcome of regenerative 
therapy. The high concentration of medium and lower 
molecular weight HA has the greatest bacteriostatic effect, 
particularly on Aggregatibacter actinomycetemcomitans, 
Prevotella oris and Staphylococcus aureus strains, which are 
commonly found in oral gingival lesions and periodontal 
wounds. A clinical application of HA membranes, gels, 
and sponges during the surgical therapy may reduce the 
bacterial contamination of surgical wound site, thereby, 
lessening the risk of postsurgical infection and promoting 
more predictable regeneration.[13]

Biocompatibility and non‑antigenicity
The highly biocompatible and non‑immunogenic 
nature of HA has led to its use in a number of clinical 
applications, which include: The supplementation of 
joint fluid in arthritis; as a surgical aid in eye surgery; 
and to facilitate the healing and regeneration of bone, 
surgical wounds and periodontal tissue.

Modifications to Hyaluronan include esterification and 
cross‑linking to provide some structure and rigidity 
to gel for cell‑seeding purposes. These biopolymers 
are completely biodegradable and support the growth 
of fibroblasts, chondrocytes and mesenchymal stem 
cells.

Anti‑inflammatory
HA has the anti‑inflammatory effect, which may be due 
to the action of exogenous Hyaluronan as a scavenger by 
draining prostaglandins, metalloproteinases and other 
bio‑active molecules.[14]

Anti‑oedematous
The anti‑oedematous effect of HA may also be related 
to the osmotic activity. Due to its acceleration in tissue 
healing properties, it could be used as an adjunct to 
mechanical therapy.[15]

Antioxidant
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.[16]

Functions and Uses of HA
HA has a lot of important physiological and biological 
functions. It plays a structural role in cartilage and other 
tissues. It associates with proteins that are enriched in the 
other types of glycosaminoglycans to form proteoglycans. 
HA is directly or indirectly related to many cell functions 
like cell proliferation, recognition, and locomotion, 
which will contribute to its tissue healing properties.[17] 
Because of its unique physiochemical properties and 
most importantly the non‑immunogenicity of the highly 
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.[18]

2.	 Scar formation in the surgical wounds can be 
prevented by the administration of HA during 
surgery.[19]

3.	 Many reports have attested to the effects of exogenous 
Hyaluronan in producing beneficial wound healing 
outcomes.[20]

4.	 In orthopedics, for treatment osteoarthritis of the knee 
and rheumatoid arthritis.[21]

5.	 In ophthalmology, for treatment of cataract and 
xeropthalmia.

6.	 Hyaluronan has also been explored in the field 
of tissue engineering. Because of its significant 
role during organogenesis, cell migration and 
development in general.[22]

7.	 Modifications to Hyaluronan include esterification 
and cross‑linking to provide some structure and 
rigidity to gel for the cell‑seeding purpose.[23]

8.	 More recently, HA has been investigated as a drug 
delivery agent for various routes of administration, 
including ophthalmic, nasal, pulmonary, parenteral, 
and topical.[24]

Figure 2: Properties of hyaluronic acid
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HA and Periodontal Disease
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.[25] 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.[26]

Based on current evidence in literature, it is now 
known that along with mechanical therapy, use of 
chemotherapeutic agents provide a better treatment 
strategy. The most common chemotherapeutic agents 
are antimicrobials and anti‑inflammatory drugs. They 
are administered either systemically or topically. 
Topical antimicrobial agents for the treatment 
of periodontal diseases include chlorhexidine, 
tetracyclines, and metronidazole. HA is a recent 
addition to the local chemotherapeutic agents. It has 
shown a number of clinical therapeutic properties.

Role of HA in Periodontal Wound Healing
Healing of periodontal wound includes a series of 
highly reproducible and rigidly controlled biologic 
events  (inflammation, granulation tissue formation, 
epithelium formation and tissue remodelling) which 
begin with chemo attraction of cells that accumulate 
and debride the injured tissue, foreign material, 
and microbial cells [Figure 3]. These events end with 

the formation and maturation of new extracellular 
matrix that restore resistance of tissue to functional 
stress.[27]

Inflammatory phase
Hyaluronan has numerous roles in the initial 
inflammatory stages such as the provision of a 
structural framework via the interaction of Hyaluronan 
with the fibrin clot,  which modulates host’s 
inflammatory and extracellular matrix cell infiltration 
into the inflamed site. Hakansson  et  al. suggested 
role of Hyaluronan in migration and adherence of 
polymorphonuclear  leukocytes and macrophages at 
the inflamed site and the phagocytosis and killing 
of invading microbes. Such events would  allow 
counteraction of colonization and proliferation of 
anaerobic pathogenic bacteria in the gingival crevice 
and adjacent periodontal tissues.[28]

Hyaluronan itself may also prevent periodontal 
pathogen colonization by directly preventing microbial 
proliferation .  Hyaluronan may also indirectly 
act  to  moderate inflammation and stabilize the 
granulation tissue by preventing degradation of the 
extracellular matrix proteins by serine proteinases 
derived from inf lammatory cel ls  as  heal ing 
progresses.[29]

Hyaluronan also induces the production of 
proinflammatory cytokines by fibroblasts, keratinocytes, 
cementoblasts and osteoblasts which promote the 
inflammatory response and consequently stimulate 
hyaluronan synthesis by endothelial cells.[30]

Figure 3: Role of hyaluronic acid in wound healing
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Granulation phase and re‑epithelisation
During granulation phase, Hyaluronan promotes cell 
proliferation, migration of matrix cells into granulation 
tissue matrix and granulation tissue organization. 
In non‑mineralized inflamed tissues, Hyaluronan is 
transiently elevated during the formation of granulation 
tissue and the re‑establishment of the epithelium.[31] 
During the granulation tissue phase, HA in mineralized 
tissues is gradually replaced by a provisional mineralized 
callus.[32]

In later stage of the granulation phase, Hyaluronan 
synthesis ceases and existing Hyaluronan is 
depolymerized by hyaluronidases resulting in the 
formation of lower molecular weight Hyaluronan 
molecules and an alteration in the composition of the 
granulation tissue. Low molecular weight Hyaluronan 
fragments formed following hyaluronidase activity 
promote the formation of blood vessels (angiogenesis) 
within wound sites, although the precise mechanism of 
action is unknown.[33]

Bone regeneration
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.[34]

Effect on angiogenesis
It has been found that low molecular weight HA has 
marked angiogenic effect whereas, surprisingly, high 
molecular weight has the opposite effect.[35]

HA in Periodontics: Review of Literature
HA as a bactericidal agent is still controversial, but 
a study conducted by Pirnazar et  al. suggested that 
HA in the Molecular Weight range of 1,300 kD may 
prove beneficial in minimizing bacterial contamination 
of surgical wounds when used in guided tissue 
regeneration surgery. Hyaluronan is identified in 
nearly all GCF samples, and circulating blood serum 
in patients with gingivitis but hyaluronan is absent 
in GCF samples from patients with acute necrotizing 
ulcerative gingivitis, owing to the high levels of bacterial 
enzymatic activity (hyaluronidases) associated with this 
condition.[13]

Engström et al. investigated the anti‑inflammatory effect 
and the effect on bone regeneration of Hyaluronan in 
surgical and non‑surgical groups. No statistical difference 
was found on radiographs in the non‑surgical group, 
whereas the decrease in bone height was found for both 
groups after scaling. Probing depth (PD) reduced after 

the surgical treatment as well as after scaling and root 
planning (SRP). Hyaluronan in contact with bone and 
soft tissues had no influence on the immune system.[36]

Hyaluronan gel is effective in controlling inflammation 
and gingival bleeding. Studies have documented 
reduction in the depth of gingival pockets along with a 
significant reduction in epithelial and lymphocyte cell 
proliferation with the use of HA gel.[37] 0.2% Hyaluronan 
containing gel has a beneficial effect in the treatment 
of plaque induced gingivitis. All studied sites had 
a significant decrease in peroxidase and lysozyme 
activities after 7, 14, and 21 days.[15] Hyaluronan gel is 
also effective in controlling inflammation and gingival 
bleeding.

The topical application of an HA‑containing preparation 
represents a potentially useful adjunct in the therapy 
of gingivitis, although its use does not diminish the 
need for plaque reduction as a primary therapeutic 
measure.[38] These results were in contradiction with the 
previous study carried out by Xu et al. who evaluated 
potential benefits of local subgingival application of HA 
gel adjunctive to SRP. They did not find any clinical or 
microbiological improvement by the adjunctive use of 
HA gel compared to SRP alone.[39] These contradictory 
results could be due to different inclusive criteria or 
different form of HA.

Pistorius Alixander evaluated the efficacy of topical 
application of HA for treatment of gingivitis and found 
that topical application of HA containing preparation was 
potentially useful adjunct in the therapy of gingivitis.[38]

Gengigel® (Ricerfarma S.r.l., Milano, Italy) contains high 
molecular weight fractions of HA in a gel formulation 
with 0.2% concentration for its effect in the treatment 
of plaque‑induced gingivitis as an adjunct to SRP.[15] 
The adjunctive use of 0.8% Hyaluronan after thorough 
mechanical debridement potentially has major clinical 
benefits in terms of improved healing after non‑surgical 
therapy.[40]

M de Arau‘jo Nobre during the course of their study 
found that HA and chlorhexidine produced good 
results in maintaining a healthy peri‑implant complex in 
immediate function implants for complete rehabilitations 
in the edentulous mandible. Statistically, significant 
differences were found in favour of the HA group 
in the modified bleeding index  (BI) on the second 
observation.[41]

Ballini et al. found that autologous bone combined with 
an esterified low‑molecular HA preparation seems 
to have good capabilities in accelerating new bone 
formation in the infra‑bone defects.[42]
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Leonardo in 2009 investigated the clinical efficacy of 
esterified HA (in the form of fibers) for treating deep 
periodontal defects. 18 infrabony and one mandibular 
molar furcation were selected for placing the HA fibers. 
After 1  year of treatment the mean probing pocket 
depth (PPD) was reduced by 5.8 mm and the attachment 
gain was 2.8 mm.[43]

Johannsen et al. conducted a split mouth design study 
to evaluate the adjunctive effect of local application of 
0.8% Hyaluronan gel to SRP in the treatment of chronic 
periodontitis. They found a significant reduction 
in bleeding on probing  (BOP) scores and PD in 
SRP + hyaluronan gel group as compared to SRP group.[44]

Pilloni et al., in their randomized controlled clinical pilot 
study, evaluated the efficacy of an esterified form of HA 
gel on periodontal clinical parameters. The periodontal 
clinical parameters were plaque index (PI), BOP, PPD, 
gingival index (GI), and probing attachment level. In the 
end of the study, they concluded that an esterified gel 
form of HA has shown an effect in reducing the gingival 
inflammation when used as an adjunct to mechanical 
home plaque control and that it could be successfully 
used to improve the periodontal clinical indexes.[45]

El‑Sayed et al., in a randomized controlled trial, evaluated 
the effect of local application of 0.8% Hyaluronan gel 
in conjunction with periodontal surgery. After initial 
non‑surgical periodontal therapy and re‑evaluation, 
defects were randomly assigned to be treated with 
modified Widman flap surgery in conjunction with 
either 0.8% Hyaluronan gel (test) or placebo gel (control) 
application. Statistically, significant differences were 
noted for Clinical Attachment Level and gingival 
recession,  (P  <  0.05) in favor of the test sites. But 
non‑significant results were found regarding PD, BOP 
and PI values (P > 0.05).[46]

Gontiya et al. investigated the clinical and histological 
outcomes of local subgingival application of 0.2% HA 
gel as an adjunct to SRP in chronic periodontitis patients. 
Clinical parameters such as GI, BI, PPD, and Relative 
Attachment Level were recorded at baseline  (0  day), 
4th, 6th, and 12th  week. Finally, they concluded that 
subgingival placement of 0.2% HA gel along with 
SRP provides a significant improvement in gingival 
parameters, but no additional benefits were found in 
periodontal parameters. Histologically, experimental 
sites showed reduced inflammatory infiltrates, but the 
results were not statistically significant.[47]

Conclusion
Thus, it is evident that Hyaluronan has a multifunctional 
role in the wound healing process with a similar 

mechanism of healing potentially existing within 
periodontal tissues. As a consequence of the many 
functions attributed to Hyaluronan during wound 
healing, advances have been made in the development 
and application of Hyaluronan‑based biomaterials in the 
treatment of various inflammatory conditions. Hence, 
further long‑term studies with better standards such as 
application time, quantity of application, different forms 
and concentration needs to be carried out for better 
understanding of therapeutic effect of HA.
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