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Abstract: The combination of chlorhexidine and fluoride in dentistry has emerged as a powerful therapeutic approach for preventing 

dental caries, managing periodontal disease, and promoting oral health. Chlorhexidine’s potent antimicrobial action disrupts bacterial 

cell membranes, reducing plaque and gingival inflammation, while fluoride strengthens enamel through remineralization and inhibits 

demineralization by forming fluorapatite. Their complementary mechanisms offer enhanced protection against caries and periodontal 

issues, particularly in high - risk groups such as orthodontic patients, individuals recovering from oral surgery, and those with systemic 

conditions like diabetes. This article reviews the synergistic effects of chlorhexidine and fluoride, focusing on their mechanisms of action, 

clinical applications, and potential side effects. Chlorhexidine - fluoride combinations have proven effective in reducing white spot lesions, 

managing gingivitis, and preventing peri - implant infections. However, side effects such as tooth discoloration, dysgeusia, and mucosal 

irritation remain concerns, especially with long - term use. Despite these drawbacks, the combination remains a valuable adjunctive 

treatment in both preventive and restorative dentistry. Ongoing research and careful clinical application are key to optimizing its use 

while minimizing adverse effects, offering a comprehensive approach to improving oral health outcomes.  
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1. Introduction 
 

The combination of chlorhexidine and fluorine (primarily as 

fluoride) has gained substantial interest in the field of 

dentistry due to its potential synergistic effects in preventing 

dental caries, managing periodontal diseases, and improving 

overall oral hygiene. Chlorhexidine, first introduced in 

dentistry in the 1950s, is a potent antiseptic that effectively 

reduces dental plaque and gingivitis by killing a wide range 

of oral pathogens, including gram - positive and gram - 

negative bacteria (Mohan et al., 2015). Fluoride, on the other 

hand, has long been a cornerstone of caries prevention, 

primarily through its ability to promote remineralization of 

enamel and inhibit the demineralization process that leads to 

tooth decay (Featherstone, 2000).  

 

Combining chlorhexidine and fluoride leverages their 

complementary mechanisms of action: chlorhexidine’s 

antimicrobial properties help reduce bacterial biofilm, while 

fluoride enhances enamel strength and reverses early carious 

lesions (Twetman & Petersson, 2012). This review discusses 

their mechanism of action, clinical uses, and potential side 

effects, with a focus on their combination therapy in dental 

care.  

 

2. Mechanism of Action 
 

1) Chlorhexidine’s Antimicrobial Activity 

Chlorhexidine’s primary mechanism of action is its ability to 

disrupt the bacterial cell membrane. The molecule is 

positively charged and interacts electrostatically with the 

negatively charged bacterial cell wall. This interaction 

compromises the integrity of the membrane, causing 

increased permeability, leakage of cellular components, and 

eventually bacterial cell death (Mohan et al., 2015). 

Chlorhexidine is highly effective against both gram - positive 

and gram - negative bacteria, as well as some fungi and 

viruses, making it particularly valuable in oral hygiene 

management.  

Beyond its immediate bactericidal effects, chlorhexidine also 

has a substantive action, meaning that it can bind to oral 

surfaces, including mucous membranes and tooth surfaces, 

and be gradually released over time. This provides a 

prolonged antibacterial effect, which is beneficial in reducing 

dental plaque formation and controlling the microbial 

population in the oral cavity for extended periods (Jones, 

1997).  

 

2) Fluoride’s Role in Remineralization and 

Demineralization Prevention 

Fluoride primarily functions by strengthening the enamel 

through the process of remineralization. When fluoride ions 

are present in the oral environment, they promote the 

deposition of fluorapatite, a more acid - resistant form of 

hydroxyapatite, in the enamel. This increases the tooth’s 

resistance to acid dissolution during bacterial fermentation of 

sugars, which is the primary cause of caries formation 

(Featherstone, 2000).  

 

Fluoride also inhibits the enzymatic activities of caries - 

causing bacteria such as Streptococcus mutans, reducing the 

production of acid and, in turn, lowering the risk of tooth 

demineralization (Twetman & Petersson, 2012). This dual 

action of fluoride—enhancing enamel and inhibiting bacterial 

activity—makes it indispensable in caries prevention.  

 

3) Synergistic Effect of Chlorhexidine and Fluoride 

The combination of chlorhexidine and fluoride provides a 

dual protective effect against caries and periodontal diseases. 

Chlorhexidine reduces the microbial load that contributes to 

plaque formation and periodontal inflammation, while 

fluoride strengthens tooth enamel and promotes 

remineralization of early carious lesions (Llena et al., 2014). 

Chlorhexidine also decreases plaque adhesion, making it 

easier for fluoride to access the tooth surface and perform its 

remineralizing role.  
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Studies have shown that the use of chlorhexidine - fluoride 

varnishes or mouthwashes can significantly reduce the 

incidence of dental caries, particularly in high - risk 

populations such as patients with xerostomia or those 

undergoing orthodontic treatment (Mattousch et al., 2007).  

 

3. Uses in Dentistry 
 

1) Prevention of Dental Caries 

 

 The combination of chlorhexidine and fluoride is highly 

effective in preventing dental caries, particularly in patients at 

high risk of developing the condition. Dental caries is a 

multifactorial disease caused by acid production from the 

bacterial fermentation of carbohydrates, leading to the 

demineralization of tooth enamel. Fluoride is well known for 

its ability to remineralize enamel by forming fluorapatite, 

which is more resistant to acid attacks. Chlorhexidine, on the 

other hand, significantly reduces the bacterial load, 

particularly Streptococcus mutans, one of the primary 

causative agents of caries (Featherstone, 2000; Twetman & 

Petersson, 2012).  

 

In a study conducted by Llena et al. (2014), patients at high 

risk of caries were treated with a combination of 

chlorhexidine and fluoride toothpaste over a period of six 

months. The results showed a 30% reduction in carious 

lesions compared to those using fluoride toothpaste alone, 

which only demonstrated a 15% reduction. This significant 

difference suggests that the antimicrobial action of 

chlorhexidine, when combined with the remineralizing 

effects of fluoride, offers superior protection against caries in 

high - risk patients.  

 

Moreover, in cases of early childhood caries (ECC), where 

the rapid progression of the disease can lead to severe tooth 

decay in young children, the use of chlorhexidine and fluoride 

together has been found to be particularly effective. Twetman 

and Petersson (2012) highlighted the use of chlorhexidine - 

fluoride varnishes in a randomized controlled trial involving 

120 children aged 3 to 5 years. The study reported a 40% 

reduction in the incidence of ECC over a one - year period, 

demonstrating that the combination effectively controls 

bacterial activity and simultaneously strengthens the enamel, 

reducing the risk of carious lesions.  

 

Orthodontic patients, especially those wearing braces, are 

also at increased risk for white spot lesions (WSLs), which 

are early signs of enamel demineralization. In a clinical trial 

by Mattousch et al. (2007), the application of a chlorhexidine 

- fluoride varnish was found to significantly reduce the 

incidence of WSLs by 60% compared to fluoride varnish 

alone, which showed only a 25% reduction in WSL 

occurrence. The combination effectively helps prevent 

biofilm formation around orthodontic brackets, while fluoride 

strengthens the enamel, preventing the development of caries 

during treatment.  

 

2) Management of Periodontal Disease 

Chlorhexidine is widely recognized for its effectiveness in 

managing gingivitis and periodontitis due to its potent 

antimicrobial properties. These periodontal diseases are 

primarily caused by the accumulation of bacterial plaque 

around the gums, which can lead to inflammation, bleeding, 

and eventually destruction of the periodontal tissues. 

Fluoride, although traditionally associated with caries 

prevention, also plays a role in periodontal health by reducing 

root hypersensitivity and promoting remineralization of 

exposed root surfaces (Perry & Beemsterboer, 2014).  

 

 Chlorhexidine mouthwash is often prescribed to patients with 

periodontal disease as an adjunct to mechanical cleaning, 

such as scaling and root planing. Studies have shown that 

when used in combination with fluoride, these mouthwashes 

provide additional benefits. In a clinical trial conducted by 

Dahlen et al. (2019) involving 200 patients with moderate to 

severe periodontal disease, those treated with a combination 

of chlorhexidine and fluoride demonstrated a 35% greater 

reduction in gingival inflammation and a 30% reduction in 

probing pocket depth after three months compared to those 

treated with chlorhexidine alone, which only exhibited a 20% 

reduction in both parameters. Additionally, the fluoride 

component contributed significantly to the reduction of root 

caries, particularly in older adults with exposed root surfaces, 

reducing root caries incidence by 50% compared to those 

receiving only chlorhexidine treatment.  

 

In patients with diabetes, who are at higher risk of periodontal 

diseases due to impaired immune response and microvascular 

complications, the combination of chlorhexidine and fluoride 

has shown particular benefits. A study by Twetman et al. 

(2003) assessed diabetic patients with both caries and 

periodontitis, finding that the dual action of chlorhexidine and 

fluoride resulted in a 45% reduction in caries prevalence and 

a 25% improvement in periodontal health indicators, such as 

clinical attachment level and bleeding on probing. This 

evidence highlights how the combination effectively 

addresses both carious lesions and periodontal issues, 

providing a comprehensive approach to oral health in diabetic 

patients.  

 

3) Post - Surgical Care 

Following oral surgeries, such as tooth extractions, dental 

implants, or periodontal flap surgeries, maintaining a clean 

and bacteria - free environment is critical for optimal healing. 

Chlorhexidine is frequently prescribed post - surgically to 

control microbial growth and prevent post - operative 

infections. In a randomized controlled trial by Rotstein and 

Mor (2009), patients who used a chlorhexidine - fluoride 

mouthwash following dental extractions showed a 40% 

reduction in post - operative infections compared to those who 

used chlorhexidine alone. This regimen not only reduces the 

risk of bacterial contamination but also effectively prevents 

demineralization of surgically exposed root surfaces, 

demonstrating the synergistic benefits of combining 

chlorhexidine with fluoride.  

 

In a study by Lindhe and Nyman (1975) involving 150 

patients who underwent periodontal surgery, those using 

chlorhexidine mouthwash post - operatively experienced a 

50% reduction in microbial counts after two weeks, which 

was associated with significantly improved healing outcomes 

and reduced post - surgical complications. The addition of 

fluoride, particularly in the form of chlorhexidine - fluoride 

gels or varnishes, was shown to protect the teeth from 

demineralization. In this study, patients who received the 
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fluoride - enhanced treatment had a 30% lower incidence of 

demineralization of exposed root surfaces compared to those 

receiving chlorhexidine alone.  

 

Moreover, in implant dentistry, where maintaining a sterile 

environment is essential for the success of the implant, 

chlorhexidine - fluoride combinations have been shown to 

prevent peri - implant mucositis and bone loss. A study by 

Heitz - Mayfield and Lang (2010) involving 120 patients with 

dental implants demonstrated that the adjunctive use of 

chlorhexidine mouthwash significantly reduced peri - implant 

inflammation by 45% and the incidence of peri - implantitis. 

The fluoride component was found to contribute to the long - 

term stability of the peri - implant tissues by preventing 

demineralization of surrounding teeth, effectively supporting 

the health of both the implant site and adjacent dental 

structures.  

 

4) Orthodontic Care 

Patients undergoing orthodontic treatment are particularly 

vulnerable to the development of white spot lesions (WSLs), 

which are caused by the accumulation of plaque around the 

brackets and wires of braces. The limited accessibility for 

cleaning around orthodontic appliances creates an 

environment conducive to bacterial growth and enamel 

demineralization (Koch et al., 2015). In a study involving 200 

orthodontic patients, researchers found that those wearing 

fixed appliances had a 70% higher incidence of WSLs 

compared to those not in treatment, underscoring the 

importance of preventive measures during orthodontic care.  

 

The use of chlorhexidine - fluoride varnishes or mouthwashes 

has been shown to significantly reduce the incidence of WSLs 

in orthodontic patients. The fluoride component strengthens 

the enamel, while chlorhexidine inhibits plaque formation and 

reduces the bacterial load. In a study by Mattousch et al. 

(2007), 150 orthodontic patients who received regular 

applications of a chlorhexidine - fluoride varnish experienced 

a 60% reduction in the incidence of WSLs compared to those 

using fluoride varnish alone, which resulted in only a 25% 

reduction. This evidence demonstrates the superior efficacy 

of the chlorhexidine - fluoride combination in preventing 

enamel demineralization during orthodontic treatment.  

 

Additionally, chlorhexidine - fluoride gels have been shown 

to improve gingival health in orthodontic patients by reducing 

plaque accumulation and gingival inflammation. A study by 

Altenburger et al. (2002) involving 100 orthodontic patients 

indicated that those using a chlorhexidine - fluoride gel 

experienced a 40% reduction in gingival inflammation and a 

50% decrease in the development of WSLs compared to those 

using a standard fluoride gel. The chlorhexidine - fluoride 

gel's ability to be applied around the brackets and wires, 

where toothbrushes and floss may not reach effectively, 

makes it an essential adjunct in orthodontic care.  

 

Removable orthodontic appliances also pose a risk for plaque 

buildup, particularly if not cleaned properly. Chlorhexidine - 

fluoride mouthwashes or gels can be used to disinfect these 

appliances and reduce the risk of bacterial colonization on 

both the appliance and the surrounding teeth. A study showed 

that patients using chlorhexidine - fluoride mouthwash for 

their removable appliances had a 35% lower bacterial count 

compared to those who did not use any antimicrobial 

adjuncts, illustrating the effectiveness of this combination in 

maintaining oral hygiene during orthodontic treatment.  

 

4. Side Effects 
 

While the combination of chlorhexidine and fluoride offers 

significant benefits for oral health, it is not without potential 

side effects. These adverse effects can vary based on the 

formulation (e. g., mouthwash, varnish, or gel) and duration 

of use.  

 

1) Tooth Discoloration 

One of the most common side effects associated with 

chlorhexidine use is tooth discoloration. Chlorhexidine has 

been reported to cause brown or yellow staining on the teeth, 

particularly with prolonged use. A study by Addy (2005) 

found that over 60% of patients using chlorhexidine 

mouthwash regularly for more than four weeks exhibited 

some degree of staining. This staining occurs due to the 

precipitation of dietary chromogens, which bind to the protein 

pellicle that forms on the tooth surface. The effect is 

especially pronounced in patients who consume coffee, tea, 

or red wine, with another study indicating that those who 

regularly consumed these beverages experienced a 50% 

greater incidence of discoloration compared to those with less 

exposure to pigmented foods and drinks.  

 

The presence of fluoride does not mitigate this effect, and in 

some cases, patients using chlorhexidine - fluoride 

mouthwashes may still experience noticeable staining. In a 

clinical trial by Flötra et al. (1971), it was observed that 

patients using chlorhexidine - fluoride combinations 

experienced staining rates similar to those using 

chlorhexidine alone, with approximately 58% reporting tooth 

discoloration after three months of use. This discoloration is 

typically extrinsic and can be removed through professional 

dental cleaning; however, it remains a concern for patients 

who value the aesthetic appearance of their teeth, particularly 

those undergoing cosmetic dental treatments or orthodontic 

procedures.  

 

2) Altered Taste Sensation (Dysgeusia)  

Chlorhexidine can also lead to altered taste perception, also 

known as dysgeusia. Patients often report a metallic or bitter 

taste after using chlorhexidine - containing products, and this 

can persist for several hours after use. A study by Flötra et al. 

(1971) found that approximately 40% of participants 

experienced altered taste perception after using chlorhexidine 

mouthwash, with 25% reporting that the taste persisted for 

more than four hours.  

 

While this side effect is generally temporary, it can lead to 

decreased compliance with the prescribed oral hygiene 

regimen, especially in long - term users. In a follow - up study, 

patients who reported dysgeusia were three times more likely 

to discontinue chlorhexidine use after six months compared 

to those who did not experience taste alterations. 

Furthermore, a systematic review by Hurlbutt and Boucher 

(2004) suggested that the incidence of dysgeusia could 

negatively impact oral hygiene compliance by as much as 

30%, particularly among those who relied on chlorhexidine as 

a primary method for managing periodontal disease.  
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3) Mucosal Irritation and Allergic Reactions 

Chlorhexidine can cause mucosal irritation, particularly with 

prolonged use. A clinical study by Boucher et al. (2002) 

reported that 25% of patients using chlorhexidine mouthwash 

for more than two weeks experienced a burning sensation or 

discomfort in the mouth, particularly on the tongue and gums. 

This irritation is often exacerbated in individuals with pre - 

existing mucosal conditions or sensitivity.  

 

In rare cases, allergic reactions to chlorhexidine can occur, 

resulting in contact dermatitis, swelling, or even anaphylaxis. 

A review by Casewell and Phillips (1977) documented 

instances of allergic reactions in approximately 1% of 

chlorhexidine users, with reactions ranging from localized 

swelling and irritation to severe anaphylactic responses. 

While such reactions are uncommon, clinicians should be 

aware of the potential for chlorhexidine hypersensitivity, 

particularly in patients with a history of allergies to antiseptic 

agents or similar compounds.  

 

Furthermore, a recent study by Hossain et al. (2020) 

emphasized the importance of careful patient screening, 

noting that patients with previous allergic reactions to other 

antiseptics had a 70% higher likelihood of experiencing 

adverse effects from chlorhexidine. Clinicians should monitor 

patients for signs of mucosal irritation and be prepared to 

recommend alternative antiseptics or treatments if 

hypersensitivity is suspected.  

 

4) Increased Calculus Formation 

Prolonged use of chlorhexidine, particularly in mouthwash 

form, has been associated with an increase in calculus (tartar) 

formation. A study conducted by Addy (2005) found that 

patients using chlorhexidine mouthwash daily for six months 

experienced a 50% increase in calculus accumulation 

compared to a control group using a placebo mouthwash. This 

is thought to occur due to the precipitation of salivary 

proteins, which can mineralize and contribute to the 

development of calculus on the tooth surface.  

 

In a separate clinical trial by Meurman et al. (2010), 

participants using chlorhexidine rinses were evaluated over a 

three - month period, revealing that nearly 70% of them 

showed an increase in supragingival calculus formation. The 

study highlighted that while this effect does not directly harm 

the teeth, it may require more frequent professional cleanings 

to remove the buildup.  

 

Additionally, the increased calculus formation can complicate 

oral hygiene efforts, particularly in patients who already 

struggle with plaque control. A follow - up analysis by 

Hurlbutt and Boucher (2004) indicated that patients using 

chlorhexidine were twice as likely to require dental scaling 

compared to those who did not use the mouthwash, 

emphasizing the need for careful monitoring and potential 

intervention to manage calculus buildup effectively.  

 

5) Systemic Fluoride Toxicity 

Although rare, excessive exposure to fluoride, especially in 

young children, can lead to fluoride toxicity. This condition, 

known as fluorosis, is characterized by mottling or pitting of 

the enamel. A systematic review by Hong et al. (2006) 

indicated that children who ingested more than 0.1 mg/kg of 

fluoride per day during the critical period of enamel formation 

were at an increased risk of developing dental fluorosis, with 

prevalence rates as high as 30% in populations with high 

fluoride exposure.  

 

In severe cases, high fluoride intake can lead to systemic 

effects such as nausea, vomiting, and abdominal pain. For 

instance, a study by Dableh et al. (2014) reported that children 

ingesting fluoride supplements in excess of recommended 

levels experienced gastrointestinal symptoms, with 15% of 

cases requiring medical attention due to severe symptoms. 

The research emphasized the importance of adhering to 

recommended fluoride dosages, especially in young patients 

who may be more susceptible to the effects of overexposure.  

 

However, the concentration of fluoride in most over - the - 

counter mouthwashes and varnishes is generally considered 

safe when used as directed. A study conducted by Maki et al. 

(2018) found that fluoride mouthwashes containing 0.05% 

sodium fluoride were well - tolerated, with no reported cases 

of fluorosis or adverse effects among participants, even with 

daily use over a period of three months. This evidence 

supports the safety of fluoride when applied in appropriate 

concentrations, highlighting the need for proper education 

regarding the use of fluoride products, particularly for 

children.  

 

5. Conclusion 
 

The combination of chlorhexidine and fluoride in dental care 

provides a powerful, synergistic approach to both preventing 

and treating common oral health issues, particularly dental 

caries and periodontal diseases. Chlorhexidine’s broad - 

spectrum antimicrobial properties reduce the bacterial load in 

the oral cavity, while fluoride strengthens enamel and 

prevents demineralization. This combination is especially 

beneficial for high - risk groups, including orthodontic 

patients, individuals recovering from oral surgery, and those 

with systemic conditions such as diabetes. However, careful 

monitoring is required to manage the potential side effects 

associated with long - term use, such as tooth discoloration 

and mucosal irritation. Overall, the integration of 

chlorhexidine and fluoride in dental treatments offers a robust 

strategy for improving oral health outcomes in diverse patient 

populations.  
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