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Abstract

Chlorhexidine(CHX) has a wide variety of uses in the management of oral diseases. It is a cationic bisbiguanide with broad anti-

bacterial activity, and a wide spectrum of activity encompassing gram-positive and gram-negative bacteria, yeasts, dermatophytes,

and viruses (enveloped). CHX is a commonly used antiseptic mouthwash due to its antimicrobial effects. It is commonly preferred

among dentists. The clinical effect of CHX is likely due to both its substantive and antibacterial properties. Search terms were entered

into MEDLINE, PubMed, Google Scholar, and the Cochrane database to find evidence about CHX use in the oral cavity. It plays a key

role in dentistry and is used to treat or prevent periodontal disease, and has earned its eponym of the gold standard. The aim of this

article was to provide a detailed review of the current uses of CHX in dentistry in terms of the management of oral diseases, highlight-

ing the need for further studies to support its safe and appropriate use.
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Introduction

Chlorhexidine(CHX) gluconate is a bisbiguanide compound
consisting of four chlorophenyl rings and two biguanide groups
connected by a central hexamethylene bridge [1]. It is strongly ba-
sic and pH is >3.5. It is a gluconate salt that has been in use since
the mid-19th century. It was developed in the 1940s by Imperial
chemical Industries, England. It has been used as an adjunct for

a variety of oral diseases. It was first used for plaque control by
Schroeder in 1969 [2]. It’s a broad-spectrum anti-microbial agent.
It is also used for the disinfection of non-living clinical surfaces and
catheters. It is one of the most widely used chemicals in the field of
Dentistry. CHX is available in 3 forms: digluconate, acetate, and hy-
drochloride. The latter is less water-soluble than the other forms.

The available formulations of CHX are gels, chips, sprays, varnishes,
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and mouthwashes [3]. Its high substantivity makes it stand out
compared to other chemical compounds [4]. Hence the focus of
this article is to provide insight views on chlorhexidine as a single
solution for various oral diseases. Search terms were entered into
MEDLINE, PubMed, Google Scholar, and the Cochrane database.

Evidences collected are given importance based on the hierarchy.

Anti-microbial effect

CHX is an effective membrane-type anti-microbial agent with an
effect on the inner cytoplasmic membrane [5]. It acts against gram-
positive and negative bacteria, yeast, viruses, fungi, and dermato-
phytes [6]. It anti-bacterial effects are due to its ability to alter the
permeability of the cell membrane. It could be either bactericidal
or bacteriostatic based on its concentration. At low concentrations
(0.02%), CHX has its effects in displacing Ca2+ and Mg2+ ions along
with loss of K+ ions from the cell wall which is the bacteriostatic
property of the chemical compound. At higher concentrations such
as 0.1%, it causes the intracellular components of the cell to leak
out eventually followed by cell death which shows the effective
bactericidal activity of the compound [7,8]. CHX is great against
oral biofilm. It inhibits pellicle formation and prevents protein
adsorption to the tooth surface. Then CHX binds to the bacteria,
displaces Ca2+ ions, preventing biofilm formation. CHX has similar
effects on enveloped viruses. Its efficacy is less on non-enveloped
viruses such as the human papillomavirus [9]. Its anti-fungal ef-
fect accounts to a decrease in the number of fungi residing in oral

mucosa, teeth, and dentures rather than the fungicidal effect [10].

Uses in oral diseases

CHX has a wide variety of usefulness in oral health care. It is
used in the management of oral hygiene, dental plaque, dental
caries, gingivitis, periodontitis, peri-implantitis, irrigating agent,
pre-procedural mouth rinse, and management of oral mucosal dis-
eases. It is available as over-the-counter (OTC) and available to the
common public at an affordable cost. The upcoming sections ex-

plain the use of CHX in oral diseases.

Dental caries

Dental caries is caused by the biofilm buildup on the tooth
surface leading to the production of lactic acid and dissolution
of tooth structure. Hence it is thought that the use of CHX mouth

rinse (0.2%) could potentially reduce plaque formation and even-
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tually results in a low incidence of caries [11]. Although CHX inhib-
its plaque formation, Cochrane review states that the use of CHX
(0.2%) did not significantly result in a reduced number of caries
incidence [12]. In addition, CHX varnish has been tried to see if it
results in a reduction of caries. However, it did not result in caries
reduction [13]. 0.05% sodium fluoride mouth rinses are suggested

for a reduction in dental caries [14].

Gingival and periodontal diseases

The presence of bacteria in dental plaque or oral biofilm pro-
duces host inflammatory response of gingiva and periodontium
resulting in gingivitis and periodontitis respectively. CHX is used as
a mouthwash against plaque-producing bacteria [15]. It should al-
ways be used along with mechanical plaque control measures such
as tooth brushing and interdental aids, as an adjunct, as suggested
by the European Federation of Periodontology (EFP) [16]. Reduc-
tion in clinical signs of gingivitis and periodontitis has been shown
in studies with the use of 0.2% CHX mouthwash for 4-6 weeks [17].
When CHX is used as a mouth wash, it should be used 30 minutes
to 2 hours after tooth brushing as it could interact with the anionic
compounds of the toothpaste and it could nullify the effect of fluo-
ride that is present in toothpaste [18].

Apart from use as a mouthwash, CHX is employed as a local
drug delivery agent in shallow periodontal pockets as an adjunct
to mechanical debridement. Periochip has been demonstrated in
the reduction of probing pocket depth (PPD) and clinical attach-
ment loss (CAL) in periodontitis cases. Though the amount of re-
duction in PPD and CAL is less, CHX has effects in the management
of periodontal diseases [19]. Cochrane reviews suggest that CHX
has not been effective even as an adjunct in cases of moderate and
severe periodontitis as disease-causing anaerobic bacteria lies in
deep periodontal pockets in such cases. However, it is still effective

in mild cases of periodontitis [20,21].

CHX is also suggested for the management of necrotizing peri-
odontal diseases. Poor oral hygiene is the major contributing factor
in the course of these diseases. Gingiva becomes swollen with asso-
ciated sloughing and halitosis. Oral hygiene maintenance stays as
the first line of treatment. Apart from this, systemic administration
of antibiotics and the use of CHX (0.12% or 0.2%) or hydrogen per-

oxide mouthwash (6%) is used as an adjunctive aid [15]. This could
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be because of the anti-bacterial nature of CHX against P. intermedia
which is considered as a prime causative agent in necrotizing peri-

odontal diseases [22].

Peri-implantitis

The wide range of use of CHX extends to the management of
peri-implant diseases as well. CHX mouthwash has effects in re-
duction of microbial load if used 7-10 days prior to placement of
implant which results in a significant reduction of postoperative
complications. Postoperatively, CHX is used as a local agent on the
surgical site for betterment in healing and also as a mouthwash
[23]. This helps in the reduction of dental biofilm on the surface of
the implant. In cases of peri-implantitis, CHX is used as a gel and ir-
rigating agent for microbial load reduction [23]. Administration of
periochip resulted in a reduction of pocket depth around implants.
However, systematic review suggests that clinical signs such as
bleeding on probing and pocket depth are not improved with the
adjunctive use of CHX when compared with mechanical debride-
ment alone [24]. Other studies suggest a reduction of microbial
load with the use of CHX in peri-implantitis cases whereas clinical

signs did not improve significantly [23,25].

Root canal irrigant

Proper disinfection of the root canal is a significant factor in de-
termining the success of root canal treatment. Various root canal
irrigants are available in use. It is found that CHX when used as a
root canal irrigant, it has been demonstrated to have bactericidal
effects on Enterococcus faecalis which is the most resistant bac-
teria of the root canal system [26]. Though CHX is shown to act on
the microscopic level, its clinical effect is not well demonstrated,
according to Cochrane research database [27]. The clinical signs
such as pain and swelling were not reduced with the use of CHX as
an irrigant [26]. 2% sodium hypochlorite is also an endodontist’s
preferred choice of root canal irrigant as it dissolves inorganic mat-
ter compared to CHX [28]. This characteristic feature of an irrig-
ant is a significant one as it prevents failure of treatment. However,
full-mouth disinfection with 0.2% CHX is preferred in endo-perio

lesions where root canal treatment is completed [15].

Oral surgery

Post-operative infection of the extracted tooth site is one of
the common complications of tooth extraction. CHX is effective in

preventing this due to its anti-bacterial nature. Warm saline rinse
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stays as the first choice in this view. However, CHX when used as a
pre-procedural rinse, it prevents post-operative bacteremia. In ad-
dition, Cochrane database suggests that CHX is highly effective for
third molar extractions. This reduces the risk of alveolar osteitis

following third molar extractions [29].

Medication-related osteonecrosis of the jaw (MRON]), is a de-
fect in the healing process seen with various medications such as
bisphosphonates, RANKL inhibitors, and anti-angiogenic agents.
Guidelines from England suggest using 0.2% CHX mouthwash a
week prior and up to 2 months after the removal of the tooth [30].
American Association of Oral and Maxillofacial Surgeons suggests
using CHX mouthwash for the management of MRON] [31]. Howev-
er, Cochrane review concluded that more research is warranted to
know more about CHX in the management or prevention of MRON]
[32].

Pre-procedural mouth rinse

Commonly used instruments in a dental operating field include
ultrasonic scaler, aerator, and 3-way syringe, all of which are tend
to produce aerosol infections. A moderate level of evidence is
found to reduce bacterial aerosols when antiseptic solutions are
used prior to the procedure [33]. When agar plates were placed
in close proximity to the dental operating area (within 6 feet dis-
tance) 0.2% CHX mouth rinse prior to ultrasonic scaling reduced
aerosol contamination by 70% [34]. Various studies have shown
the use of herbal mouthwashes and other antiseptic solutions and
their effectiveness in the reduction of aerosol production [35].
Hence, CDC guidelines suggest the use of CHX, essential oils, or Po-
vidone-Iodine solution as a pre-procedural mouth rinse to reduce

microbes in aerosol particles [35].

However, evidence is available only for bacterial aerosol con-
tamination reduction. CHX is also known for its anti-viral prop-
erties, especially against enveloped viruses than non-enveloped
ones [36]. Due to the high amount of availability of Angiotensin-
Converting Enzyme-2 receptor (ACE2) in the oral environment,
the merging virus of COVID-19 pandemic Severe Acute Respiratory
Syndrome Coronavirus-2 (SARS-CoV-2) resides in the oral cavity
[37]. Though SARS-CoV-2 is an enveloped virus, the ability of CHX
against viral loads in the oral cavity is still yet to be answered by
research methods [38]. Hydrogen peroxide (1%) mouth rinse is

highly effective against viruses [39]. Hence, it should be consid-
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ered using during this pandemic period. Use of other mouthwashes
such as Listerine, povidone-iodine, and herbal mouthwashes may
also be effective against viral load in the oral cavity. Hence, more

research is warranted in this direction.

Other uses

CHX has been effective against plaque formation and white spot
lesions in fixed oral appliances such as orthodontic appliances, in-
termaxillary fixation devices [40]. Systematic review has concluded
that CHX is weak in reducing dental caries in these patients, though
streptococcus mutant level is reduced significantly [41]. The orth-
odontic society recommends using alcohol-free fluoride mouth
wash against dental caries in fixed orthodontic patients [42]. CHX
is not preferred by them as it could produce staining of teeth with

long-term use. Hence, CHX is not indicated in such cases.

Maintenance of oral hygiene in head and neck cancer patients
is at risk. Hence Royal College of Surgeons of England (RCS, Eng.)

suggests using CHX as a plaque control agent in such cases [43].

Patients with special needs such as Down’s syndrome, autism
requires special attention in maintaining oral hygiene. The British
Society of Periodontology (BSP) also advocates that the use of ‘anti-
plaque agents like CHX are useful for managing acute periods when
cleaning is difficult but not needed as a routine [44]. It should be
kept in mind that CHX use is licensed for 30 days. 1% CHX gel appli-
cation reduces the potential development of periodontal diseases
in Down’s syndrome patients [45]. However, systematic review
could not find any supporting evidence to state that the use of CHX
reduces gingival inflammation in patients with special care needs
[46]. Hence, the use of fluoride mouth rinse along with improve-
ment in oral hygiene measures remains the first line of approach in

maintenance of oral hygiene in such patients [46].

Adverse effects and contraindications

Despite the fact that CHX has a wide variety of uses in the den-
tal field, it is not without adverse effects. Common adverse effects
include teeth staining, xerostomia, and altered taste sensation for
salt and bitter taste, increased calculus formation, and discolored
tongue [47]. Other less common effects include swelling of the pa-
rotid gland, desquamation of oral mucosa, and burning sensation.
Long-term use of CHX leads to teeth staining due to non-enzymatic

browning (Maillard reaction) [48]. To prevent this reaction, the
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CHX anti-discoloration system (CHX-ADS) is available now. The
systematic review suggests that this newly developed product does
not affect the effects of CHX in plaque control [49]. Type I and IV
hypersensitivity reactions are the other common side effects seen
with CHX use. Reports are available to show that CHX can lead to
respiratory arrest and death due to anaphylactic reactions [50].
This is not related to any of the components of CHX mouthwash. In
addition, CHX mouthwash may also be used in pregnancy. However,
according to FDA (Food and Drug Agency), the use of Periochip is
not advised in pregnancy and breastfeeding mothers as it does not
follow safety limits in such patients [50]. Antimicrobial resistance
is an emerging finding with CHX use [51]. This reduces the effec-

tiveness of CHX.

Conclusion, Current Evidence and Future Directions

To summarize, current evidence supports the fact that CHX may
be effective against plaque formation, gingivitis, alveolar osteitis,
bacterial aerosols, and symptomatic relief from viral-induced oral
infections. Evidence is weak for the use of CHX against periodon-
titis, dental caries, ANUG, peri-implantitis, infections associated
with tooth extraction, and virus aerosols. However, the use of CHX
should always be considered with its adverse effects. More studies
are recommended to further improve the level of evidence of CHX
in the dental field.
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