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Abstract: The mouths is the gateway to the human body. Appropriate oral health maintenance is not only vital for mastication, pronunciation, and esthetics, but it also plays a key
role in the prevention of systemic diseases. Scientific evidence indicates that bacteria are
constantly present in the oral cavity, serving as one of the main etiologies of many oral
diseases. Removal of bacterial plaque and control of oral biofilm are essential for the prevention and treatment of those diseases. Mechanical plaque control has been proven as an
effective way to reduce bacterial plaque. The use of chemical plaque control in conjunction
with mechanical plaque control has become more frequent. This review article provides
insight into the mechanisms of action and the delivery formats of chemical plaque control,
and included detailed information on each individual active agent. Recent evidence on
chemical oral, dental, and peri-implant chemical plaque control is summarized.

Introduction
Scientific evidence based on years

rized into mechanical or chemical

of studies indicates that bacteria are

plaque control. Mechanical plaque

1,2,

control, which involves the use of

and that effective dental plaque control

toothbrushes, interdental brushes, and

is the most fundamental and critical

dental floss, is the most commonly

approach to prevent and treat periodon-

used method to prevent and treat oral

titis. Since Dr. Brånemark’
s discovery

diseases5. Mechanical tools have prov-

of direct osseointegration in the 1950s,

en effective in controlling dental plaque

dental implants have been vigorously

formation and reducing gingivitis;

developed as treatment for restoring

however, scholars6,7 have reported that

patients’function and esthetics3. Clini-

the use of mechanical tools alone in

cal studies have also identified peri-im-

certain populations cannot completely

plant mucositis or peri-implantitis. Al-

prevent periodontitis, primarily because

though the etiology and potential risk

of the following factors: (1) Patients do

factors of peri-implant mucositis and

not brush their teeth for long enough8.

peri-implantitis are widely discussed

(2) Only < 10% of the population ha-

and remain debatable, the majority of

bitually use interdental cleaning tools9.

studies emphasize that peri-implant

(3) Encouraging patients to foster and

plaque control is effective and a critical

maintain correct dental cleaning habits

factor for maintaining healthy soft tis-

consistently for long periods is diffi-

sue around dental implants in the long-

cult10. (4) Except for toothbrushing,

the foremost cause of periodontitis
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Oral plaque control can be catego-
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term .
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clean the oral biofilm in other parts

(4) changing the pathogenicity of the

of the mouth (e.g., tongue and buccal

biofilm14,15.

mucosa)

11-13

The benefit of dentifrice is that it

. Patients may not be able

to undergo mechanical oral hygiene

tion22,23.
can used together with a toothbrush,

Delivery Formats

which is the most frequently used

under certain circumstances, such as

Chemical substances for plaque con-

mechanical tool for plaque control.

patients who have recently undergone

trol are delivered using different types

From a pharmacokinetic perspective,

oral or periodontal surgery, patients

of agents and formats, such as mouth

however, the concentration and sta-

experiencing acute inflammation that

rinses, dentifrice, gel, chewing gum,

bility of some chemical ingredients

is painful to clean, or patients with

varnish, throat lozenges, oral rinses,

in dentifrices are unpredictable, and

20

physical and mental impairments who

oral sprays, or long-acting agents ,

they cannot reach deeper areas such as

may be unable to perform mechanical

among which mouth rinses and denti-

the throat or tongue. Dentifrice is also

plaque control on a daily basis. The use

frice are more commonly used to deliv-

unsuitable for patients who are unable

21

of chemical plaque control is suitable

er chemical agents for plaque control .

to maintain oral hygiene mechanically

for these patients as an auxiliary to me-

Mouth rinses can easily achieve

(e.g., patients with physical or mental

the ideal concentration of a chemical

disabilities, those who have undergone

substance; it can be used when patients

oral surgery, and patients with inter-

cannot brush their teeth and it can

maxillary fixation after surgery).

chanical control.
Mechanisms of Action
Chemical plaque control is gener-

reach deeper areas such as the throat.

ally recommended as complementary

Mouth rinses are convenient and highly

Chemical Biofilm Control: Introduc-

to mechanical control. Except for

accepted. The downside of mouth rins-

tion of a Single Active Ingredient

chlorhexidine (CHX) and essential

es is that the ingredients (e.g., alcohol)

17–19

, most chemical agents

can induce side effects. Clinical reports

Antibiotics

work only on the outermost layer of

have indicated the association between

Penicillins, tetracyclines, metronidazole,

the biofilm. To maximize the benefit

alcohol and oral cancer, although sev-

vancomycin, kanamycin, spiramycin

of a chemical agent, mechanical tools

eral literature reviews have obtained

In contrast to localized antibiotics,

play a role in reducing plaque count

no evidence supporting this observa-

systemic antibiotics facilitate maintain-

oil (EO)

and disturbing the structure of dental
plaque, which can improve the effects
of chemical substances. Consequently,

Table 1. Meta-analysis of literature reviews on the effects of chemical plaque control
agents on plaque index scores.

combined use of mechanical and chemical control is more effective than using
a single approach alone 14,15. Several
systematic studies have verified the effect of several chemical substances on
plaque control and gingivitis reduction
(Tables 1 and 2). Chemical plaque control achieves quantitative control (i.e.,
reducing bacterial count) and/or qualitative control (i.e., reducing biofilm
activity) through the following mechanisms of actions: (1) Preventing bacterial adhesion, (2) inhibiting bacterial
growth or co-aggregation, (3) removing
biofilms that have already formed, and
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ing stable effective concentration in the

of other enzymes, such as glucose

Compounds)

blood serum, which ensures increased

oxidase and amyloglucosidase, rely

Sodium lauryl sulfate

persistence. Numerous studies have indi-

on the catalyzation of thiocyanate by

The foaming property of sodium

cated that combined use of systemic an-

lactoperoxidase in the saliva to form

lauryl sulfate (SLS) may be effective

tibiotics in periodontal phase I treatment

hypothiocyanite, which interferes with

for plaque removal; however, the re-

generates a more favorable clinical effect

bacterial metabolism. However, these

liability of this mechanism of action

in treating severe chronic periodontitis

enzymes have not yet been verified as

remains inconclusive. SLS has limited

absolutely effective, and longitudinal

antimicrobial property, and it can in-

24

and aggressive periodontitis . Except for
treatment purposes, antibiotics should

27,28

research data are lacking

.

not be used solely for chemical plaque

hibit plaque formation. SLS is found in
numerous mouth rinse and dentifrice

control because of the side effects of an-

Amine Alcohols

products, but it has not yet been used

tibiotics and bacterial resistance resulting

Delmopinol, octapinol

alone as a single agent30.

from a poor benefit-to-risk ratio, wherein

The mechanisms of action of amine

the disadvantages have a greater bearing

alcohols are not yet fully understood,

Oxygenating Agents

except that they are neither bacterio-

Sodium peroxyborate, peroxycarbon-

static nor bactericidal. Amine alcohols

ate, hydrogen peroxide

24

than all benefits combined .
Enzymes

inhibit or interfere with the formation

Oxygenating agents exert a strong an-

Dextranase, mutanase, proteases, li-

of biofilms. Clinically, amine alcohols

timicrobial effect on obligate anaerobes31.

pases

are used in commercial mouth rinses,

Systematic studies have found no signifi-

Enzymatic components interfere

at active concentrations of 0.1% and

cant effect in the short term, but 6-month

with bacterial adhesion to the surface

0.2%. The plaque-resistant characteris-

studies have demonstrated significant

of the teeth; however, enzymes are

tics of amine alcohols and side effects,

improvement in the gingival index. Hy-

impractical and often accompanied

including dental staining and numbness

drogen peroxide at a low concentration

by side effects. Only in vitro data are

or a burning sensation in the mucosa,

(< 1.5%) is not associated with any side

available on enzymes or their com-

29

have been verified .

concentration (>1.5%) causes oral pain,

bined use, and clinical use remains
limited

25,26

. The mechanisms of action

effects, but hydrogen peroxide at a high

Detergents/Surfactants (Active-Surface

Table 2. Meta-analysis of literature reviews on the effects of chemical plaque control
agents on gingival index scores.

increased ulceration, or delayed tissue
recovery32,33.
Metal Salts

Zinc salts (zinc lactate, zinc citrate,
zinc sulfate, zinc chloride)
Metal salts are ineffective when used
alone; however, when used in conjunction with active agents (e.g., CHX,
cetylpyridinium chloride, triclosan,
hexetidine), metal salts can prolong
their mechanism of action34.
Stannous Fluoride

Stannous fluoride has long been used
in dentifrice, mouth rinses, or gels,
mostly at a concentration of 0.454%.
Six-month follow-up studies and sys-
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tematic reviews have indicated that

contended that, except for several clinical

ucts are available on the market, and

patients have a significantly improved

reports, no rigorously designed study has

their side effects are often discussed. In

gingival index and plaque index after

proven the causal relationship between

vitro studies and animal experiments

using agents containing 0.454% stan-

alcohol-containing mouth rinses and can-

have proposed that these products may

. Stannous fluoride is

cer. A well-designed prospective study

produce carcinogens, but this assertion

also commonly used with amine fluo-

is required in the future to determine

has not yet been verified in clinical us-

ride. Both components are bactericidal

whether alcohol-containing mouth rinses

age50. Another possible side effect is the

and yield a synergistic effect when used

are a risk factor for cancer.

harmful effect of triclosan on the eco-

40,41,94

nous fluoride

together; they are the most effective
among all dentifrice products

40,41

. The

side effects of stannous fluoride include

system. Waste water treatment facilities
cannot effectively remove triclosan from

Triclosan

Triclosan can be used in mouth rinses

water, and exposure to sunlight causes

or dentifrice, exhibiting bactericidal

this component to produce dioxins as

effects of different durations (5–8 h)

a byproduct, which is toxic and may

Essential Oils

47

in different forms . It also exerts an-

contribute to environmental pollution,

Eucalyptol (0.092%), menthol

ti-inflammatory effects by inhibiting

magnified by the natural biological food

(0.042%), methyl salicylate (0.060%),

cyclooxygenase and the lipoxygenase

chain58.

thymol (0.064%), alcohol (26.9% in

pathway to reduce the secretion of pros-

original formulation)

taglandin and leukotrienes49. Dentifrices

Bisbiguanides

Multiple mechanisms of action have

made of three different combinations

Chlorhexidine, digluconate, alexidine

been proposed for EOs in chemical

comprising triclosan and other compo-

dihydrochloride, octenidine dihydro-

, including interference

nents have been extensively studied in

chloride

with the bacterial cell wall, inhibition

clinical settings. The first combination

This type of component, specifically

of bacterial enzymes, reduction of the

is triclosan and zinc citrate; review

CHX, is most frequently and exten-

toxicity of lipopolysaccharide-producing

studies have proposed different con-

sively used because it achieves the best

staining41.

42–44

plaque control

51–54

endotoxins, and inhibition of inflamma-

clusions for this combination

. One

outcomes. CHX exhibits an optimal

tory response (because of its antioxidant

review indicated that triclosan and zinc

anti-plaque effect and has been stud-

property). Six-month clinical studies and

citrate are significantly more effective

ied for over half a century since the

systematic reviews have proposed the

in controlling bleeding than they are in

1960s59. CHX is most commonly used

effectiveness of EO in inhibiting plaque

plaque reduction57. Another systematic

in mouth rinses at a concentration of

review indicated a nonsignificant clini-

0.1%–0.2%. A study reported that the

40,94,95

formation and reducing gingivitis

.

Side effects include staining and a burn-

40

cal effect . The second combination is

optimal active concentration of CHX is

ing sensation in the oral mucosa. A wide

triclosan and copolymer. According to a

18–20

variety of mouth rinse products are sold

literature review, multiple 6-month clin-

ical applications is three times per day

on the market, such as Listerine, which

ical studies have indicated that this com-

at a dosage of 5–6 mg. A higher dose

contains EO and ethanol. Excess intake

bination statistical significantly controls

does not produce superior results but

of alcohol is considered a major risk fac-

dental plaque and gingivitis. However,

does increase side effects60. To achieve

tor for cancer; a clinical study reported

the homogeneity of these studies dif-

a 20-mg dosage with a 0.2% mouth

the association of alcohol-containing

fers, necessitating more homogeneous

rinse, using 10 mL of mouth rinse for

and comprehensive analysis to verify

30 s is recommended, whereas using 15

45

mouth rinses and oral cancer and a sys-

57,40

mg daily; therefore, the ideal clin-

tematic review of three studies indicated

this result

. The third combination

mL of mouth rinse for 60 s is suggested

that alcohol-containing mouth rinses are

is triclosan and pyrophosphate. This

for a 0.12% mouth rinse. CHX is active

associated with higher carcinogenic risk.

combination is rarely investigated, and

against Gram-positive and Gram-neg-

However, seven other studies did not

its efficacy therefore remains inconclu-

ative bacteria, yeasts, and viruses,

23

22

support the ssociation . Another study

40

sive . A wide variety of triclosan prod-

including human immunodeficiency

Journal of Periodontics and Implant Dentistry 1(1) 2018 ｜ 11

Chemical Oral, Dental, and Peri-Implant Bioﬁlm Control

virus and hepatitis B virus61. The mechanisms of action are as follows:

differences in clinical efficacy74.

bactericidal in the presence of biofilms.

CHX may cause side effects such
75

(1) Antimicrobial effect: At low

as staining , increased calculus for-

concentrations, CHX increases

mation 76 , change in taste quality 77 ,

the permeability of plasma mem-

hypersensitivity78, mucosal erosion79,

branes, achieving a bacteriostatic
effect

62,63

75

parotid gland swelling , and hearing
80

However, the reliability of this effect
must be verified in clinical studies86.
Future Approaches
Molecular Signaling

. At high concentrations,

impairment in the middle ear . An in

Dental plaque accumulates in a

CHX causes protein precipitation,

vitro study reported that CHX may

structural manner; therefore, sig-

thereby achieving a bactericidal

influence wound healing because it

naling molecules play a crucial role

effect. CHX not only acts on the

affects fibroblast formation, although

throughout the process of dental plaque

surface of biofilms, but it can also

this side effect has not been proven in

formation. Future studies can include

penetrate these biofilms, extending

81

clinical studies .

inhibitors that reduce quorum-sensing

its reach to kill or inhibit microbial
64,65

growth

.

processes, which may effectively reQuaternary Ammonium Compounds

(2) Inhibition of dental plaque: CHX
molecules adhere to the tooth

duce the pathogenicity26.

Benzylconium chloride, cetylpyridinium chloride

Probiotics

surface, subsequently interfering

The mechanism of action of quater-

Use of probiotics (e.g., Streptococcus

with bacterial adhesion. CHX also

nary ammonium compounds (QAC) is

salivaris, Lactobacillus reuteri, L. salivar-

interacts with glycoproteins in the

as follows. The hydrophilic part of the

ius) may influence biofilm composition.

saliva to reduce the formation of

molecule interacts with the bacterial

For example, probiotics may compete

salivary pellicles. CHX affects the

cell membrane, causing the loss of

with pathogenic bacteria or influence

activity of bacterial enzymes, such

cell components, interfering with cell

these bacteria through bacteriocin. A

metabolism and inhibiting cell growth,

study reported that probiotics can effec-

66

as glucan synthetase .

82

(3) Persistence: CHX molecules adhere

eventually leading to cell death . This

tively reduce pathogens, plaque forma-

to oral tissues, slowly and effectively

monocationic agent can quickly adhere

tion, and gingivitis88.

providing a persistent antimicrobial

to the oral surface, but it can also be

67

environment (for up to 12 h) .

easily desorbed, causing deactivation

Inhibition of Transcription Genes

Regarding efficacy assessment, CHX

or neutralization of its structure. QACs

Formation of biofilms may be ef-

as a component of dentifrice or mouth

have 3 to 5 h of persistence. The safe

fectively inhibited if the sequence of

rinses has been assessed in 6-month

concentration of QAC is 0.045%–0.1%.

activated or suppressed genes during

clinical studies. The biggest problem

Six-month clinical studies have re-

biofilm formation can be identified and

with CHX-containing dentifrice is that

ported a significant reduction in dental

selected26.

the active ingredient is often deactivat-

plaque and gingivitis40,84.
Chemical Plaque Control Around

ed by other components (e.g., stain-removing ingredients in toothpastes such,

Natural Dentition: Current Evidence

Hexetidine

as SLS). CHX most commonly exists

Hexetidine is a derivative of py-

Regarding the effectiveness of

in mouth rinses at concentrations of

rimidine. It exhibits antimicrobial

chemical plaque control, scientific

0.12% and 0.2%, both of which have

properties against Gram positive and

studies have unanimously agreed that

demonstrated statistically significant

Gram negative bacteria and yeast, but

the safety and side effects chemical

anti-plaque and anti-inflammatory ef-

it cannot exist in the oral cavity for a

substances for plaque control must be

. In

long period. Therefore, the persistence

verified in long-term, home-based, ran-

systematic literature reviews and com-

of this compound in resisting micro-

domized clinical studies. Randomized

68–73

fects in 6-month clinical studies

85

prehensive analyses, CHX at 0.12%

bial organisms is questionable . An in

clinical trials must be (1) double blind,

and 0.2% has exhibited nonsignificant

vitro study revealed that hexetidine is

(2) controlled, (3) at least 6 months

12 ｜ Journal of Periodontics and Implant Dentistry 1(1) 2018
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in duration, and (4) they must involve

titis remain a subject of dispute. Lang
100

formation and reducing gingivitis, with

microbial analysis, in which (5) the

et al.

collectively proposed the cumu-

the strongest and most complete evi-

microbial samples and clinical index

lative interceptive supportive therapy

dence obtained for CHX and EO, as

to be tested are measured from start to

(CIST) diagnosis and treatment guide-

well as triclosan in terms of dentifrice

end, including the mid-point of the trial

line, which mentions the use of CHX in

agents. When selecting chemical sub-

treating peri-implant mucositis. How-

stances, it is necessary to consider the

The quality of clinical studies is also

ever, other studies have revealed that

inability of chemical control agents to

considered when assessing chemical

use of CHX gel or local irrigation with

completely replace mechanical plaque

control agents to determine whether the

CHX is equally effective as mechanical

cleaning and the potential side effects of

selected samples are representative and

debridement. Regarding treatment of

long-term use. Clinicians should care-

that homogeneity exists among differ-

peri-implantitis, evidences indicate the

fully assess the advantages and disad-

ent systematic analysis studies. To be

limited efficacy of combined used of

vantages of each substance and provide

recognized by the American Dental As-

CHX99. When accessing plaque control

patients with careful instructions before

sociation and the U.S. Food and Drug

with different toothpastes, triclosan-con-

prescribing them. For patients who can-

Administration, chemical substances

taining dentifrice showed better effects

not perform mechanical oral hygiene

must comply with at least two criteria

on reduction of bleeding and gingivitis

practices effectively (e.g., patients with

to be verified as reliable anti-plaque

around dental implants compared with

physical/mental disabilities or those

sodium fluoride toothpaste in a six-

who have undergone surgery), the ben-

89,90

(generally 3 months)

.

s92

control agent .

35

Tables 1 and 2 summarize the me-

month assessment . However, this

efits of chemical plaque control agents

ta-analyses of systematic reviews of

finding was based on a six-month com-

outweigh the potential side effects; how-

clinical efficacy assessment of chemical

parison of maintenance recall visits to

ever, for the general public, dosage must

plaque control agents published since

prevent disease formation; the article did

be controlled for long-term use, and the

. In 2015, Van der

not mention the therapeutic effects of

potential side effects must be consid-

Weijden et al. indicated in their re-

the tooth pastes on peri-implant mucosi-

ered. Regarding plaque control around

view study that strong evidence (three

tis or peri-implantitis. Regarding home-

implants, the current evidence suggests

systematic reviews) supports the high

based CHX or EO-containing mouth

that the mechanical method is the most

clinical efficacy of CHX and EO in

rinse or CHX irrigation and gel prod-

crucial approach to reduce plaque. The

2004

40,41,57,74,84,93–98
21

36–39

controlling plaque formation and gin-

ucts

, some authors suggested that

effects of chemical agents remain un-

givitis. Strong evidence also supports

combined use of chemical agents and

known. More long-term clinical studies

the moderate clinical efficacy of CPC in

mechanical debridement is beneficial for

are needed to verify the safety and effi-

resisting the formation of dental plaque

reduction of plaque formation; however,

cacy of chemical plaque control agents,

and gingivitis, whereas only moderate

majority of these studies did not have

thereby providing physicians and pa-

evidence is available to substantiate the

control group of mechanical plaque

tients with more options to prevent and

efficacy of triclosan as a mouth rinse

control alone as the base assessment and

treat oral and peri-implant diseases.

agent, and only weak evidence has been

therefore could not draw a valid conclu-

obtained to support the clinical efficacy

sion. In a two-year observational study,

of hexetidine, oxygenating agent, and

use of 0.12% CHX mouth rinse twice a

stannous fluoride.

day did not exhibit significant difference
in implant related clinical parameters

Chemical Plaque Control Around

and success rate38.

口腔健康的維護是十分重要的，
我們的齒列不僅在咀嚼、發音及美
觀上扮演重要角色，口腔疾病和全
身疾病的關連性也是被醫學界日益

Dental Implants: Current Evidence
Chemical control of dental plaques

中文摘要

重視的研究焦點。目前科學證據上

Conclusion

around dental implants and treatment of

Chemical plaque control agents have

已知口腔內存在許多細菌，某些特

peri-implant mucositis or peri-implan-

proven effective in controlling plaque

定菌也是造成各種口腔疾病最主要

Journal of Periodontics and Implant Dentistry 1(1) 2018 ｜ 13
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的病因；而有效的牙菌斑控制是預

ness of self‐performed mechanical

root planing. Compend Contin

防及治療口腔疾病最基本也是最重

plaque removal in adults with gin-

Educ Dent 2004:25:380-388.

要的方法。除了機械式工具達成的

givitis using a manual toothbrush.

14. FDI Commission. Mouth rins-

牙菌斑控制已被證實為有效控制牙

J Clin Periodontol 2005;32:214-

es and dental caries. Int Dent J

菌斑的方法之外，化學性的牙菌斑

228.

2002;52:337-345.

控制在使用上也是越來越頻繁，產

7.

品也越來越多樣化。此篇文章回顧
化學性牙菌斑控制之相關重要文獻，
重點於闡述其作用機轉、投遞時可
使用的形式與介質，並且包含不同
化學性製劑的詳細介紹以及目前與
化學性牙菌斑控制劑相關及可知的
證據與分析。另外有鑒於人工植牙
的日益發展，此篇文章易回顧在植

van der Weijden GA, Timmerman

15. FDI Commission. Mouth rinses

MF, Danser MM, van der Velden

and periodontal disease. Int Dent J

U. The role of electric toothbrush-

2002;52:346-352.

es: Advantages and limitations.

16. Netuschil L, Weiger R, Preisler R,

In: “Proceedings of the European

Brecx MC. Plaque bacteria counts

Workshop on Mechanical Plaque

and vitality during chlorhexidine,

Control” Lang NP, Attström R,

meridol and Listerine mouthrinses.

Löe H eds, London: Quintessence;

Eur J Oral Sci 1995;103:355-361.

1998:138-155.

17. Pan PH, Finnegan MB, Sturdivant

Beals D, Ngo T, Feng Y, Cook D,

L, Barnett ML. Comparative anti-

Grau DG, Weber DA. Develop-

microbial activity of an essential

ment and laboratory evaluation of a

oil and an amine fluoride/stannous

new toothbrush with a novel brush

fluoride mouthrinse in vitro. J Clin
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