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ABSTRACT

Objectives: The aim of this work was to review the current uses of chlorhexidine (CHX)
in dentistry based on its mechanism of action, whilst highlighting the most effective
protocols that render the highest clinical efficacy whilst limiting adverse drug
reactions.
Methods: A literature search was conducted using the key words chlorhexidine, mecha-
nism of action, adverse effects, and dentistry using databases in the University of Tor-
onto library system. The titles and abstracts were read, and relevant articles were
selected.
Results: A total of 1100 publications were identified, 100 were investigated, and 67 of
them were used. Out of the 67 selected articles, 12 were reviews on CHX; 5 articles
focussed on CHX gels; 13 focussed on CHX mouthwashes; 8 focussed on CHX products;
13 discussed adverse effects associated with CHX; 13 focussed on periodontal pathol-
ogy and treatment; 6 focussed on implant periodontal and dental surgeries; 7 evalu-
ated effects on caries; 6 looked at the mechanisms of action; and 12 focussed on the
antibacterial and antimicrobial impact on the oral biome. There were multiple areas
of overlap amongst the articles, and results showed that CHX provides different uses,
but mainly as an adjunct to various treatments. Mouthwash was the most superior
medium when used in short time spans when mechanical prophylaxis was not possi-
ble for the prevention of gingivitis and maintenance of oral hygiene. CHX products are
often used in periodontics, post—oral surgical procedures, and as a prophylaxis for
multiple invasive procedures with minimal adverse effects. Tooth staining was the
most negative adverse effect reported by patients.
Conclusions: CHX’s antimicrobial properties make it an ideal prophylactic when mechanical
debridement is not possible. CHX mouthwash appears to be more effective compared to
gels. Concentrations of 0.12% to 0.2% are recommended; any mouthwash with concentra-
tions above 0.2% will unnecessarily increase the unwanted side effects. CHX is useful
amongst various areas of dentistry including oral surgery, periodontics, and even general
dentistry. For long-term treatments, especially in periodontitis patients (stage I-III) under-
going nonsurgical treatments, CHX chips are recommended. CHX chips are also recom-
mended as an adjunct to implant debridement in patients with peri-implant mucositis and
peri-implantitis over CHX mouthwash and gels.
© 2022 The Authors. Published by Elsevier Inc. on behalf of FDI World Dental Federation.
This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/)
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the 1940s in the UK and has been marketed as a general disin-
fectant.” In the 1970s, its antiplaque activity was discovered,
and by 1976 it was available as a mouthwash."” Oral biofilm
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and its associated bacteria have been linked to the pathogene-
sis of various oral diseases including halitosis, caries, gingivitis,
and periodontitis.>” Periodontal disease in the US has been
diagnosed in approximately 47.2% of adults 30 years and older
and 70.1% of adults 65 years of age and older.®” Therefore, bio-
film control is critical to prevent the development of such con-
ditions; specifically, manual or electronically powered
toothbrushing is recommended as the main method for pre-
vention as well as reduction of plaque and gingivitis.>>"#

Effective mechanical biofilm control requires time, willing-
ness, and dexterity-related skills.>* However, this may not be
feasible in patients who are mentally or physically disabled, as
well as in postsurgical situations where oral hygiene becomes
almost impossible.>**'° Currently, CHX mouthwash is the
most potent chemotherapeutic agent and gold standard in
reducing S mutans and oral biofilm."*? In dentistry, CHX prod-
ucts are available by prescription and include formulations
such as mouthwashes, gels, chips, and varnishes. ****

There are many scholarly articles and manufacturer
reports describing the uses and benefits of CHX products;
however, there are conflicting data amongst them. Moreover,
there is limited clinical information regarding effective proto-
cols. This review will examine the mechanism of action
(MOA) of CHX and investigate the most effective protocols
regarding CHX uses in dentistry whilst highlighting impor-
tant adverse drug reactions (ADRs) relevant to a dental setting
based on the most recent literature and clinical trials.
Amongst protocols, general, periodontal, prophylactic, and
postsurgical uses of CHX will be investigated and addressed
and any associated ADRs examined.

Methods

A literature review was commenced to identify the MOA and
to investigate the most effective adjunctive uses of CHX in
dental procedures. Such procedures include the treatment of
periodontal diseases as well as prophylactic uses. Databases
in the University of Toronto library system were searched to
locate relevant peer-reviewed articles written in English and
published in the past 5 years. Search words entered included
“chlorhexidine,” “mechanism of action,” “adverse effects,”
and “dentistry.” Dentistry textbooks were also obtained from
the National Dental Examination Board as well as the Univer-
sity of Toronto Library and reviewed for relevant information.
A total of 1100 publications were identified, the abstracts
were read, and out of the 1100 a total of 100 were investigated.
Analysis of articles revealed that CHX mouthwash is the most
effective out of the CHX products due to its ability to success-
fully inhibit significantly more plaque when compared with
gels and varnishes.’*” Therefore, this review will focus on
CHX mouthwashes.

» o«

Results and discussion
MOA

The MOA (refer to Figure) begins with rapid attraction of a cat-
ionic CHX molecule to the surface of a negatively charged

bacterial cell containing phosphates and sulphate groups.'®*°

The cationic properties of CHX result in a bond to negatively
charged sites within the biofilm including the bacteria, extra-
cellular polysaccharides, and glycoproteins.'®*' This causes
specific and strong adsorption to phosphate-containing com-
ponents forming the surface of the bacterial cell.'”**> Penetra-
tion through the bacterial cell wall occurs, as a result of passive
diffusion, attracting towards the cytoplasmic membrane of the
cell, damaging it, and compromising its integrity.’® This event
allows CHX to infiltrate the inner cell membrane, resulting in
greater permeability.’®'® The result is an outflow of low-molec-
ular-weight molecules and cytoplasmic components escaping
from the microorganism, such as potassium ions, leading to
the inhibition of activity of some of the enzymes associated
with the cytoplasmic membrane.’®%?!

At this point, CHX’s antimicrobial action remains in the bac-
teriostatic stage, but it can be reversed if CHX is removed.'®'%?
However, if the concentration of CHX remains stable over time,
or increases, this will lead to irreversible cell damage and a bac-
teriocidal stage.’®?” In the bacteriocidal stage, cytoplasmic
coagulation and precipitation occurs by forming complexes
with phosphorylated compounds, such as adenosine triphos-
phate and nucleic acids.’®'®?? Due to the negative charge of
most oral surfaces (including mucous membranes, teeth, and
salivary glycoproteins), the cationic nature of CHX molecules
exhibits good adherence to these surfaces and therefore inter-
feres with bacterial adhesion, allowing substantivity for up to
12 hours.’®?!

Uses in dentistry

In dentistry, CHX products are used therapeutically as well as
prophylactically.”'»**?3 For these purposes, the ideal dosage
of CHX is 18 to 20 mg per application, which maximises effi-
cacy whilst minimising side effects®”*®?*% (refer to Table 1
for details on mouthwash uses).

CHX demonstrates swift antimicrobial and antifungal
activity, and it maintains efficacy even at low
concentrations.”**?® CHX can affect both aerobic and anaero-
bic bacteria.””*’ It can even destroy DNA and RNA viruses and
inactivate lipophilic-enveloped viruses, including human
immunodeficiency viruses, influenza A, parainfluenza, hepa-
titis B, herpes simplex virus, and cytomegalovirus.”*’*° The
next sections expand on the clinical relevance and uses of
CHZX, focusing mainly on effective protocols.

Dental caries and oral hygiene

CHX mouthwash with a 0.1% to 0.2% concentration dem-
onstrates significant antiplaque effects when used daily
over 2 weeks in the absence of mechanical cleaning and
as a long-term adjunct to oral hygiene at 4- to 6-week and
6-month intervals.®'®??31 However, mouthwashes with
concentrations below 0.1% are not reliably used because
efficacy regarding the inhibition of plaque formation is not
clear.* There is contrasting evidence, some studies indicat-
ing no differences and others indicating a significantly
reduced antiplaque action with concentrations below
0.12%.” It should be noted that some components of tooth-
paste such as calcium and anionic surfactants like sodium
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Figure -Mechanism of action (MOA) for chlorhexidine. Stage 1: Positively charged chlorhexidine is attracted to the negative
charge on the bacterial cell wall."®* 2° Stage 2: Chlorhexidine forms specific and strong adsorption to phosphate-containing
molecules that are on the surface of the bacterial cell."**” Stage 3 (bacteriostatic): Penetration through the bacterial cell wall
occurs, damaging it and compromising its integrity. The result is an outflow of low-molecular-weight cytoplasmic compo-
nents, such as potassium ions, and inhibition in the activity of some of the enzymes associated with the cytoplasmic mem-
brane.’ Stage 4 (bactericidal): Cytoplasmic coagulation and precipitation occur by forming complexes with phosphorylated

compounds, such as adenosine triphosphate (ATP) and nucleic acids.

18,19,22

lauryl sulfate (SLS), sodium dodecyl sulfate (SDS), and
cocamidopropyl betaine (CAPB) reduce the substantivity
and overall effectiveness of CHX.?>?>?3 In order to avoid
these interactions, the use of CHX mouthwash should be
delayed for a minimum of 30 minutes after toothbrushing
if it is to be used as an adjunct in oral hygiene.?**'*? Fur-
thermore, if a fluoridated toothpaste is used, cocamido-
propyl betaine toothpaste is recommended because it is
the surfactant that allows for the greatest enamel remi-
neralisation when combined with a 30-minute delayed
CHX oral rinse.?> When comparing CHX dentifrices or gels
of 1% and 0.12% to CHX mouthwashes of 0.12% and 0.2%,
there is a superiority in the performance delivered by
mouthwash in respect to plaque inhibition.’>'” Although

CHX gels do inhibit some plaque growth, when CHX gels
and dentifrices are incorporated into a non-brushing
model, where mechanical oral hygiene is not feasible,
CHX mouthwash should be the first product of choice.””

In regard to S mutans, CHX is known to have a minimum
inhibitory concentration (MIC) that does not exceed 1 pug/
mL."** CHX mouthwashes have demonstrated significant
reductions in S mutans, but this is not the case for CHX gels.”
CHX gels at concentrations of 0.12% and 0.2% as well CHX var-
nishes of 10% and 40% concentrations failed to reduce S
mutans when applied to teeth surfaces.'*?> Although CHX
mouthwashes have demonstrated significant reductions in S
mutans, this does not translate into direct clinical benefits,
such as caries reduction.? In fact, no CHX product appears to
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Table 1-Uses for chlorhexidine (CHX) mouthwash in
dentistry.®*>?”

Evidence-based
recommendations

Chlorhexidine usage

Presurgical Utilise 0.12% or 0.2% CHX pre-
operative rinse for 1 minute
to reduce oral microbial load
prior to implant placement.

If toothbrushing is not possible
due to postoperative pain, it
is recommended that a 0.12%
to 0.2% 1-minute rinse is per-
formed 3 times a day for
7 days or until sutures are
removed and oral hygiene in
the form of toothbrushing
can resume.

Locally administered sus-
tained-release CHX, in the
form of CHX chips, may be
considered for use as an
adjunct to nonsurgical treat-
ment of peri-implant mucosi-
tis and peri-implantitis.
Specifically, the use of Perio-
chip™ over a maximum of 6
months has been suggested
in the reduction of implant
pocket depth, with a mini-
mum of 2-week recalls.

Postoperative (short-term
maintenance)

Postoperative (long-term
maintenance)

prevent caries when used alone, and there is little evidence
supporting such claims.™*

In the past, fluoride and CHX were studied together for
their compatibility in the hope of creating a favourable
product that incorporated the antimicrobial and reminer-
alising benefit of each.® Previous studies looked at mono-
fluorophosphate and CHX at clinically relevant
concentrations and found that a large portion of free CHX
was eliminated.®® This led to the belief that fluoride and
CHX are incompatible’”>®; however, this does not appear
to be the case for sodium fluoride (NaF).>* NaF appears to
be compatible in rinse and toothpaste formulations.*
When CHX and fluoride are combined, the result is CHX
difluoride, which ionises to the same extent as NaF in
aqueous solutions.” Currently, it appears that CHX
mouthwash can be combined with NaF without losing
CHX’s effect on plaque, gingivitis, and even S mutans®>°;
however, it is unclear whether CHX affects the properties
of fluoride.®®* Therefore, further clinical research is
required before a CHX-sodium fluoride mouthwash can be
recommended for use.*

Periodontal disease

Periodontal disease is a complex multifactorial inflammatory
oral disease categorised by destruction of periodontal tissues
and loss of the connective tissue attachment.’’* Once the
diagnosis is made, it must be categorised by the process of
staging and grading; this is a significant change from the pre-
vious classification system.*° Gingivitis and periodontitis are
a continuum of the same inflammatory disease, and although

not all patients with gingivitis will progress to periodontitis,
the management of gingivitis is the primary prevention strat-
egy for periodontitis.*" It is also a secondary prevention strat-
egy for recurrent periodontitis.*>*?

Oral biofilm in the gingival margin is a primary etiologic
factor for the development of periodontitis.” It appears that
certain bacteria cause gingivitis, as their removal results in
the reversal of gingival inflammatory response.*® Therefore, a
reduction of biofilm is critical in the restoration of gingival tis-
sues to a healthy biological state.’®***> CHX mouthwash with
concentrations between 0.1% and 0.2% exhibits significant
anti-inflammatory and antiplaque effects on the gingiva and
teeth.*”:?5%>¢ Rinsing daily with a 0.2% CHX mouthwash for
4 to 6 weeks also resulted in reduced clinical signs of gingivi-
tis in several studies.?® However, CHX mouthwash at 0.12% is
most effective in preventing the development of gingivitis on
a plaque-free dental surface; therefore, it is most effective if
the patients’ teeth were professionally cleaned prior to its
application.”?" Moreover, it failed to elicit any bacterial
change after 48 hours from application if these pathogens
were already established in the oral biome.?" This is why CHX
should not be considered a universal product for all plaque-
induced gingival or periodontal disease.

The development of gingivitis occurs after 2 to 3 weeks of
undisturbed plaque buildup alongside a shift in the composi-
tion of subgingival bacteria from gram-positives to gram-neg-
atives.”> However, the biocidal activity of CHX is more
effective against gram-positive bacteria because their cell has
a larger negative charge.'®*”**’ Therefore, if CHX mouthwash
is used, it must be used for the control of gingival inflamma-
tion as an adjunct to toothbrushing and interdental cleaning
in periodontitis patients (stage I-III; refer to Table 2 for
details).”>*® CHX mouthwash may also be considered for a
limited period of time in periodontitis therapy as an adjunct
to mechanical debridement in some cases (refer to Table 3 for
additional considerations).*®

Even with the addition of CHX mouthwash to mechanical
debridement, there is potential for a subgingival biofilm and
calculus to remain in deep pockets.*®*° This is possible when
anatomical variability is considered; some individuals have
poor access to the base of deep pockets due to complexities of
furcation involvement and root concavities that may prevent
the end goal of periodontal therapy from being achieved.***°

As a result, the concept of local delivery of antibacterial
agents into periodontal pockets was developed.”'>* The outcome
was a lower-dose administration at the site of action (the peri-
odontal pocket) maintained over a longer duration of time.>” This
is seen in the local administration of 2.5 mg of CHX gluconate
via biodegradable CHX “chips” Periochip™ >0

Currently, the European Federation of Periodontology
believes locally administered sustained-release CHX used as
an adjunct to subgingival instrumentation in patients with
periodontitis stage 1-3 may be considered.”® When Peri-
ochip™ was utilised as an adjunct to root surface debride-
ment, there were small improvements in periodontal
pocketing and clinical attachment loss (less than 1 mm).*
When adjunctive subgingival application of CHX gel, ranging
between 0.5% and 2.0%, was utilised as a nonsurgical peri-
odontal treatment for periodontitis, there was a slight benefit
in probing pocket depths that were previously 4 mm or
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Table 2 - Adjunctive uses of chlorhexidine products in the treatment of stage I-III periodontitis.’”

Purpose of intervention

Evidence-based recommendations

Improve clinical outcome of subgingival instrumentation

Control of gingival inflammation in patients with
periodontitis receiving supportive periodontal care

Chlorhexidine mouthwash may be used for a limited period of time, in
periodontitis therapy, as an adjunct to mechanical debridement in
specific cases.

Locally administered sustained-release chlorhexidine may
be considered for use as an adjunct to subgingival
instrumentation in patients with periodontitis.

If antiseptic dentifrice formulation is to be used adjunctively, products
containing chlorhexidine, triclosan-copolymer, and stannous fluo-
ride-sodium hexametaphosphate are suggested

If antiseptic mouthwash is to be used adjunctively,
mouthwash containing chlorhexidine, essential oils, or
cetylpyridinium chloride is suggested

deeper.”® Nevertheless, the management of gingivitis is the
primary prevention strategy for periodontitis.*>**

Prophylactic use and post—oral surgery procedures

CHX mouthwash is frequently used after surgical interven-
tion in dentistry, usually prescribed after periodontal and
implant surgeries.*>> CHX mouthwash is considered the easi-
est to apply, allowing good patient compliance.* Upon com-
pletion of periodontal surgeries, CHX mouthwashes are often
prescribed for a duration of 2 weeks and at concentrations
between 0.1% and 0.2%.%'®°° After surgical procedures in
dentistry, mechanical maintenance of oral hygiene may
become difficult or even unmanageable due to trauma and
discomfort.>*” Thus, the use of CHX is critical as a prophylac-
tic in the prevention of oral biofilm accumulation and to allow
for adequate wound healing in surgical areas where mechani-
cal brushing is not possible, therefore decreasing the risk of
postsurgical complications.**#2?>*¢>> Qral biofilms are also
the most common etiologic factors responsible in the devel-
opment of peri-implantitis following implant surgery and
negatively affect the process of wound healing.*”**>° Hence,
biofilm reduction is critical in the restoration of gingival tis-
sues to a healthy biological state.*”-'%°°

Often the bacterial contamination of implant placement
may result in biofilm formation and early failure; therefore, a
1-minute pre-operative rinse of 0.2% CHX is recommended to
reduce the bacterial load.*® Furthermore, if toothbrushing is
not possible due to postoperative pain from implant place-
ment, it is recommended that a 1-minute rinse of 0.2% CHX is
used 3 times a day for 7 days or until sutures are removed.”®
In the past, it was believed that the use of CHX mouthwash
and gels an as adjunct to mechanical prophylaxis were also
effective for the treatment of peri-implant mucositis over a
period of 1 to 3 months®’; however, more recent data reveal
that periodontal basic therapy consisting of oral hygiene
instruction, motivation, and full-mouth scaling and root
planing yielded similar results with no significant difference
when compared to the additional use of 0.12% CHX mouth-
wash over a period of 1, 3, and 6 months.”® The CHX products
that are effective as an adjunct for treatment of peri-implant
mucositis and peri-implantitis are CHX chips, such as Peri-
ochip™ . **~°! Data reveal for patients with peri-implant
mucositis that bleeding on probing and peri-implant pocket

Table 3 - Factors to consider in periodontitis therapy, if
chlorhexidine is to be used adjunctively to mechanical

debridement.>*?

. It is not clear whether this should be a general recommen-
dation for initial therapy.

. Optimised mechanical plaque control may be necessary

before considering the adjunctive use of chlorhexidine to
mechanical debridement.

. Specific recommendations can be made by the clinician
when used in conjunction with full mouth disinfection
approaches and/or systemic antimicrobials.

. The medical status of the patient should be considered,
especially if the patient has hypertension or cardiovascu-
lar disease. Chlorhexidine appears to increase systolic
blood pressure and could have detrimental effects on the
healthy microbiome and therefore cardiovascular health.

. Adverse effects, especially staining.
. Economic status of the patient as well as additional costs of
treatment.

depth were significantly improved when CHX chips were
used as an adjunct to mechanical prophylaxis instead of 1%
CHX gel>® Similar protocols involving CHX chips as an
adjunct to nonsurgical therapy (implant debridement) also
appear to be effective in the treatment of peri-implantitis.®>®*
Patients with peri-implantitis with implant pocket depths of
5 to 8 mm were treated with subgingival implant surface
debridement followed by repeated biweekly supragingival
plaque removal and CHX chip application (2.5-mg chip, Peri-
ochip™) with a maximum application of 2 chips per pocket
for 12 weeks.® At weeks 8, 12, and 16, implant pocket depth
(IPD), recession, and bleeding on probing were recorded, and
final measurements were recorded at 6 months. The results
revealed significant IPD reduction and a greater percentile of
sites with IPD reduction >2 mm compared to the control
group, which received the same treatment without the appli-
cation of the CHX chips.®! There were no significant differen-
ces in bleeding on probing or recession.®’ Ultimately, CHX
products may be used as an adjunct for the nonsurgical treat-
ment of peri-implant mucositis and peri-implantitis, but they
should be used correctly. Refer to Table 4 for recommenda-
tions specific to CHX, dental implant surgery, and peri-
implantitis.
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Table 4 - Chlorhexidine (CHX) usage regarding dental implant surgery and peri-implantitis.®*%2°
Clinical condition Recommended treatment Active ingredient(s) Instructions for use
Gingivitis Antimicrobial, as an adjunct to 0.12% CHX 15 mL oral rinse, swish and spit for 30 sec-

mechanical plaque control

Prophylactic in periodontal, Antimicrobial, as an adjunct to
implant, and extraction proper surgical technique
surgeries (presurgical and
postsurgical)

Oral candidiasis Antimicrobial, soak dentures in

use mouthwash

Halitosis Antimicrobial, as an adjunct to

oral hygiene and antibiotics

Prophylaxis in the trans- Antimicrobial, as preprocedural
mission of COVID-19 rinse in the prevention of SARS-

CoV-2 transmission

onds, 2 times a day (mornings and eve-
nings) following toothbrushing and/or
scaling and root planing (SRP) 2-4
weeks, with a maximum of 30 days
before reevaluation, if deemed neces-
sary by the practitioner.

0.12% or 0.2% CHX 0.2% CHX 10 mL rinse for 30 seconds
immediately before surgery, and 0.12%
CHX 15 mL rinse for 60 seconds twice a
day following surgery for a maximum of
2 weeks depending on procedure

performed.
0.2% CHX Soak dentures in mouthwash for 15
minutes once or twice a day.
0.12% or 0.2% CHX 0.2% CHX 10 mL rinse for 30 seconds.
0.12% or 0.2% CHX 0.2% or 0.12% CHX 10 mL rinse for 60 sec-

onds, prior to procedure.

Note: Chlorhexidine can shift the oral microbiome to biofilms where Fusobacterium can predominate. Therefore, this should be closely monitored

by a dental practitioner if incorporated as an adjunct.

A systemic review examined plaque reduction after rins-
ing with 0.12% to 0.2% CHX mouthwash,; significantly less pla-
que buildup was reported by all studies in the CHX rinse
groups compared to the control groups.'® When sulcus bleed-
ing index was evaluated, there was also a significant
improvement when CHX was used following surgery, com-
pared to the placebo rinse.’® However, there was no signifi-
cant difference after 1 and 3 months when routine oral
hygiene was resumed.'® This further strengthens the ideol-
ogy that inflammation and mechanical plaque control that is
challenging due to postoperative discomfort can be controlled
with CHX mouth rinses on a short-term basis. This may
explain why the American Dental Association recommends
the use of CHX before any surgical procedure in the field of
oral and maxillofacial surgery.”-*%%/:¢?

ADRs and effects

An ADR can be defined as any undesirable effect of a drug.®®
Any drug has the potential for adverse drug reactions; thus, a
risk-benefit analysis is always required when a drug is pre-
scribed.®* CHX mouthwash may result in some ADRs, even at
low concentrations between 0.06% and 0.2% within the thera-
peutic range.4'7'26'27'31'45

Throughout 21 days of CHX usage, some self-reported
ADRs included taste alteration, numbness in mouth and
tongue, pain in mouth and tongue, xerostomia, and subjec-
tive discolouration.”*> Although the “loss of taste” and “numb
feeling” were significantly more frequent with the 0.12% and
0.2% concentrations compared to 0.06%, severe ADRs includ-
ing erosion and ulceration of oral mucosa were not
reported.”*?

Some of the most frequent ADRs of CHX mouthwash and
gel also included xerostomia, hypogeusia, and a discoloura-
tion of tongue; as well as calculus and extrinsic tooth staining
in long-term use.”>" Whereas less common ADRs include,

swelling of the parotid gland, oral paraesthesia glossodynia,
and desquamation of the oral mucosa.”® However tooth stain-
ing is the number one ADR that discourages patients from
using chlorhexidine.?

Fortunately, there are ways to overcome staining with the
incorporation of 1.5% hydrogen peroxide (H,0,).°>®® For
example, the use of 1.5% H,0, mouthwash as an adjunct fol-
lowing the application of 0.2% CHX mouthwash resulted in
significantly less staining of teeth without decreasing the effi-
cacy of CHX.”"°>®® Even more promising is the recent develop-
ment of CHX mouthwash with antidiscolouration system
(CHX-MW-ADS).?” It appears that CHX-MW-ADS significantly
reduced stain scores compared to traditional CHX mouth-
wash; moreover, there were no differences in bleeding, gingi-
vitis, and plaque scores between CHX-MW-ADS and
traditional CHX mouthwash.®” In fact, some studies have
achieved better results when utilising 0.2% CHX-MW-ADS
when incorporated into oral hygiene of adolescents with fixed
orthodontic appliances over a duration of 18 weeks.®® Using
0.2% CHX-MW-ADS in patients with ceramic brackets
resulted in a better gingival status compared to patients who
used 0.2% CHX mouthwash.®®

Another evolving issue with the use of CHX is the develop-
ment of antimicrobial resistance (AMR), which is a serious
adverse effect.”>®° Low-level exposure to CHX may cause
cross-resistances to antibiotics.®® Moreover, some mecha-
nisms that allow for resistance of CHX in bacterial organisms
include efflux pumps and mutations in the cell membrane
structure.®® Multidrug resistance and virulence are growing
in ESKAPE pathogens which include Enterococcus faecium,
Staphylococcus aureus, Klebsiella pneumoniae, Acinetobacter bau-
mannii, Pseudomonas aeruginosa, and Enterobacter spp.”®’* The
Infectious Diseases Society of America has labeled them as
ESKAPE pathogens because they are capable of escaping the
MOA of antibiotics and eventually developing resistance.”®
These pathogens are the number one reason for the
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development of hospital-acquired infection, or nosocomial
infection.”®’* In fact, E faecalis plays a critical role in the
development of endodontic infections.”> When this species is
found in the form of biofilm, it is considered one of the most
resistant species in oral cavity, due to its resistance to CHX
and sodium hypochlorite.”” However, little is known about
the risk of resistance to CHX in oral bacteria and cross-resis-
tances to antibiotics; therefore, future research should focus
on related effects of CHX on bacteria in oral biofilm.

The most serious ADRs associated with the oral use of
CHX are type I and type IV hypersensitivity reactions followed
by severe anaphylaxis.”’? However, these are only reported
at an incidence of 0.78 per 100,000 exposures.25 Therefore,
clinicians should not be discouraged from utilising CHX
when indicated, as long as the allergy status of the patient is
negative.”*

Conclusions

CHX has proven to be an extremely useful antimicrobial in
the field of health. In dentistry, its versatility is unmatched as
a chemotherapeutic agent when mechanical prophylaxis is
not possible. A recommended 18 to 20 mg per application can
be achieved with CHX mouthwash at concentrations between
0.12% and 0.2%. CHX mouthwash is recommended over gels
and dentifrices due to significantly superior plaque inhibition
with no serious side effects. CHX has provided benefits as an
adjunct to oral health, in periodontics, and as a prophylaxis.
It has also provided significant aid in various oral surgical
procedures, including involvement in implantology and peri-
odontology. Locally administered and sustained CHX in the
form of CHX chips is the most advantageous for long-term
use as an adjunct to oral hygiene in patients with periodonti-
tis (stage I-1II) as well as patients experiencing peri-implant
mucositis and peri-implantitis.
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