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Abstract: Periodontal Disease is one of the common diseases of the oral cavity. It is not only common in adults, but also in 

children and adolescents. As the public recognition of health concepts is growing fast, oral health has been focused. 

Mouthwash plays an important role in the lives of people with periodontal disease by effectively inhibiting plaque and 

reducing the risk of getting periodontal disease. Adolescent gingivitis is a common periodontal disease in the adolescent 

population. At present, it has been recognized that periodontal disease is a multi-factor disease, among which dental plaque 

biofilm is the most important pathogenic factor. The bacteria and their products of dental plaque are indispensable initiating 

factors for periodontal disease, which directly or indirectly participate in the process of periodontal disease. The ideal 

mouthwash should be able to reduce the number of bacteria in the oral cavity, eliminate or reduce the microorganisms on the 

surface of the teeth and the oral cavity, and inhibit the accumulation of plaque on the gums, tissue pathogenic bacteria 

re-colonized in the teeth and periodontal pockets, and prevent the recurrence of gingivitis. By introducing the prevalence and 

pathogenesis of gingivitis in adolescence, we analyzed the effect of two types of mouthwash of chlorhexidine and tea 

polyphenols on the control of gingivitis plaque in adolescence and the mechanism of bacterial inhibition, as well as the effect 

on the hard and soft tissues of the oral cavity, and evaluated the clinical efficacy of chlorhexidine and tea polyphenols in the 

control of gingivitis in adolescence. 
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1. Overview of Adolescent Gingivitis 

Periodontal disease is a widespread disease that affects 

90.9% of the adult population in China [1]. Periodontal 

disease is not only prevalent in adults, but also children and 

adolescents. According to surveys, gingivitis affects more 

than 70% of children and adolescents over the age of 7 [2]. 

Gum disease is a group of diseases that occur in the gum 

tissue and includes inflammation of the gums and systemic 

pathology in the gums. It is the least symptomatic form of 

periodontal disease, does not affect the underlying supporting 

structures of the teeth and is reversible, usually caused by the 

accumulation of bacterial biofilm (plaque). The causative 

factors of gingivitis are related to genetic factors, 

environmental factors and smoking, in addition to the 

pathogenic bacteria of the plaque biofilm. 

The new 1999 classification divides gum disease into 

plaque-induced gum and non-plaque gum disease, and 

classifies plaque-induced gum disease as "plaque-related 

only" and "systemic-influenced gum disease". Gingivitis in 

adolescence is classified in the new classification as one of 

the "gum diseases caused by plaque biofilm and influenced 
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by systemic factors"[3]. It occurs most often in adolescence 

and is slightly more common in women than in men. Gingiva 

is a target tissue for sex hormones and because of the 

endocrine changes that occur in individuals at a certain age, 

gingival tissue becomes more reactive to local irritants such 

as plaque, producing a more pronounced inflammatory 

response, or exacerbating existing chronic gingivitis. 

Changes in the level of sex hormones in adolescents are a 

systemic factor in the development of gingivitis during 

puberty. The disease is found on the gingival papillae and 

gingival margins of the labial side of the anterior teeth. The 

labial side of the gingiva is visibly swollen, and the gingival 

papillae are bulbous, dark red or blushing, shiny, soft and 

bleed easily on probing. Gingival sulci may form 

pseudo-periodontal pockets without loss of attachment level 

and resorption of alveolar bone. Adolescent gingivitis is 

usually diagnosed clinically by the patient's age at puberty 

and by seeing if the gingival inflammatory response exceeds 

that which can be induced by local irritants. During the 

individual's puberty phase, there is a temporary increase in 

the production of sex hormones and thus a temporary 

enhancement of gum inflammation, which can partially 

subside after puberty but can persist if local irritants are not 

removed. Puberty also has a significant impact on the 

composition of the periodontal flora. Studies have shown that 

the proportion of Gram-positive anaerobic colony-forming 

units gradually increases from pre-puberty to post-puberty 

[4]. In addition, the proportion of colony-forming units of 

anaerobic black bacteria increased from prepubertal to 

pubertal stages; the proportion of P. intermedia, 

Capnocytophaga and E. corrodens were also higher in 

adolescence than in pre-adolescence and post-adolescence [5, 

6]. Gingivitis during puberty is associated with increased 

levels of sex hormones, which can also worsen the symptoms 

of gingivitis. According to the study, increased levels of 

oestrogen and progesterone can lead to increased blood 

vessels in the gums and increased inflammatory response in 

patients who are pregnant [7], pubescent or taking oral 

contraceptives [8]. 

Removal of local irritants remains the key to the treatment 

of adolescent gingivitis. Plaque is still the main cause of 

adolescent gingivitis. Scaling or gingivectomy is currently 

prescribed treatment for the disease. Effective prevention of 

the disease and slowing its progression have also become 

particularly important. Good oral hygiene, proper brushing, 

rational use of mouthwash and effective flossing are the most 

important means of preventing and slowing down the 

progression of gingivitis in adolescence. In this paper, we 

focus on the control of plaque and the effect on the hard and 

soft tissues of the oral cavity with chlorhexidine and tea 

polyphenol rinses to evaluate the effect of these two drugs on 

the management of adolescent gingivitis. 

2. Tea Polyphenols 

Tea polyphenols (TP) are a polyphenolic compound 

isolated and purified from natural tea-leaves, which have a 

strong inhibitory effect on a wide range of bacteria in nature 

[9], and have the advantages of regulating the balance of 

flora [10], reducing or eliminating the odor produced by flora 

[11], and not generating resistance to repeated use [12]. Tea 

polyphenols have been shown to have antibacterial activity 

for over 100 years [13]. Researchers at home and abroad are 

still working on the antibacterial properties of tea 

polyphenols for a long time. At present, domestic research on 

the antibacterial properties of tea polyphenols is still limited 

to the types of tea polyphenols, their antibacterial effects and 

influencing factors, while foreign research is relatively more 

in-depth. Therefore, it still has a long way to go in China. 

According to their chemical structure tea polyphenols can 

be divided into four categories, namely catechins, 

anthocyanins, flavanols and phenolic acids. Among them, 

catechins are the most abundant and are the main functional 

active substances of tea polyphenols. There are four main 

types of catechins, including epigallocatechin gallate 

(EGCG), epigallocatechin (EGC), epicatechin gallate (ECG), 

and epicatechin (EC). EGCG is the main catechin substance 

(50%-80% of catechins) and the most important functional 

substance [14]. 

Tea polyphenols have a broad-spectrum antibacterial effect, 

inhibiting both G+ and G- bacteria. The antibacterial effect of 

tea polyphenols is not only reflected in their antibacterial 

activity but also in their ability to act synergistically with a 

variety of known antibiotics, such as tea polyphenols and 

tetracycline against Staphylococcus aureus [15]. In recent 

years, an increasing number of studies have shown that tea 

polyphenols have a good inactivating effect on bacterial 

toxins. Staphylococcal enterotoxin B (SEB), an exotoxin of 

Staphylococcus aureus, can cause acute gastroenteritis. It has 

been shown that intraperitoneal injection of green tea extract 

or EGCG in a mouse model of acute gastroenteritis, was 

found to have some inhibitory effect on SEB [16]. It was 

found that EGCG has a significant inhibitory effect on the 

virulence factor glucosyltransferase of Streptococcus mutans, 

which can play a good role in preventing dental caries [17]. 

At present, the antibacterial mechanism of tea polyphenols 

is still unclear and is mostly believed to be the result of the 

joint action of a variety of factors in China and other 

countries. At present, the research on the antibacterial 

mechanism of tea polyphenols at home and abroad is mainly 

reflected in the following three aspects. 1. Tea polyphenols 

disrupt the function of cell membranes - EGCG binds very 

easily to the peptidoglycan layer exposed on the cell surface 

of G+ bacteria, which may eventually cause damage to the 

cell membrane, thus weakening the ability of the bacteria to 

bind to the host cell [18, 19, 20]; 2. Inhibitory effect of tea 

polyphenols on specific target proteins of bacteria - it was 

found that catechin substances could inhibit the activity of 

purified DNA rotase by binding to the ATP conjugation site 

of the β-subunit of DNA rotase, which eventually led to the 

disruption of DNA synthesis [21]; 3. oxidative bacterial 

inhibition of tea polyphenols - there is increasing evidence 

that tea polyphenols can generate hydrogen peroxide through 

autotrophy in neutral to weakly alkaline media, thereby 
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inhibiting the effect on bacteria [22, 23]. 

Compound Tea Polyphenol Rinse is a newly developed 

natural plant oral rinse, its main ingredients are tea polyphenol, 

licorice sweetener, DP300, glycerin and vitamin E. It can 

inhibit and kill pathogenic bacteria in the mouth, kill oral 

deformation streptococcus and viruses, and inhibit the growth 

of fungi. It can freshen the mouth without irritation. In 2004, 

180 juvenile patients with juvenile gingivitis were selected in 

an elementary school, and 60 cases in the test group were 

randomly selected for a trial of mouthwash with compound tea 

polyphenol rinse [24], There was a significant difference 

between the same group before and after seven days of 

treatment (t=27.89, P<0.01), which proved that the compound 

tea polyphenol mouthwash could effectively relieve the 

symptoms of gingivitis. In 2007, 78 patients with chronic 

periodontitis were selected to demonstrate through clinical 

trials [25]. Periodontal basic treatment with compound tea 

polyphenol mouth rinse group was a significant comparison 

group with periodontal basic with distilled water mouth rinse 

group. In periodontitis, although traditional methods such as 

scaling and scraping can remove subgingival microorganisms, 

they have limitations on deep periodontal pockets and deep 

soft tissues, so the application of antibacterial drugs is an 

important part of treatment [26]. Some research has shown that 

tea polyphenols are effective against Streptococcus mutans, 

and inhibit plaque by inhibiting the growth of Streptococcus 

mutans, thus producing the effect of preventing gingivitis and 

dental caries [26]. Triclosan (DP300), is a non-ionic, highly 

effective and broad-spectrum anti-microbial agent. It has been 

shown that DP300 has a minimum inhibitory concentration of 

5.26×10-2mol/L against the main oral pathogenic bacteria 

Streptococcus albicans, Rhodococcus intermedius, 

Rhodococcus melanogaster, Streptococcus pyogenes, 

Rhodococcus oralis, Actinobacillus eusocialis, Rhodococcus 

non-dissociated, Lactobacillus and Rhodococcus maculatus. 

The minimum inhibitory concentration of 2.63 × 10-2mol/L 

for Aeromonas gingivalis, Bacillus nucleatum, Bacillus 

mycoides, Bacillus discoideus and Streptococcus anaerobicus 

is highly effective in killing and inhibiting CO2-loving and 

specific anaerobic bacteria causing gingivitis and periodontitis 

[27]. Gingivitis can develop into periodontal disease under 

certain conditions. Therefore, the treatment and prevention of 

gingivitis are crucial. Current research has developed mouth 

rinses containing antibacterial drugs that have been shown to 

have therapeutic and preventive effects on gingivitis. It has 

been confirmed that the compound tea polyphenol-containing 

rinse has positive efficacy on gingivitis, non-toxic side effects, 

good taste, especially suitable for adolescents and children in 

adolescence, and can be clinically promoted as a medicine for 

the treatment and prevention of gingivitis in adolescence [24]. 

3. Application of Chlorhexidine in 

Periodontal Antimicrobial Therapy 

Chlorhexidine (hibitane), a broad-spectrum bactericide, is 

effective against both gram-positive and negative bacteria. 

Due to its good antibacterial properties, it has been widely 

used in treatment of dental clinic. Chlorhexidine Gluconate 

(CHX) is biguanide chlorobenzene that has been used 

clinically since the 1950s to increase cell membrane 

permeability by causing loss of intracellular components 

(including nucleotides) due to cell lysis [29, 30]. Currently, it 

has been utilized clinically for cleaning non-biological 

clinical surfaces and disinfection of medical catheters, as 

well as in dentistry as a disinfectant rinse for preventing the 

growth and accumulation of plaque biofilms because of its 

good biocompatibility [31]. Also as an adjunct to oral 

hygiene and non-surgical treatment [32]. The effects of 

chlorhexidine gluconate on systemic health have not been 

adequately studied and therefore only topical administration 

is recommended. Chlorhexidine gluconate binds to the skin 

and mucous membranes as a cationic oxidant and is also 

difficult to be absorbed, with 30% remaining in saliva for up 

to 5 hours and mucosal tissue for up to 12 hours after a single 

flush, and is not detectable in plasma [33, 34]. 

Chlorhexidine rinses antimicrobial plaque action 

mechanism is mainly manifested in the following aspects. 1. 

Reduce the number of bacteria that can be adsorbed to the 

dental surface in saliva: Chlorhexidine adsorbs to the 

bacterial surface and interacts with the anion of the bacterial 

cell wall, increasing the permeability of the cell wall, thus 

making it easy for chlorhexidine to enter the cell and kill the 

bacteria by precipitating the cytoplasm, so the number of 

bacteria adsorbed to the dental surface is reduced; 2. The 

acidic group of salivary glycoprotein is closed by binding 

with the acidic group of salivary glycoprotein so that the 

adsorption ability of salivary glycoprotein to the tooth 

surface is weakened and the formation of acquired film and 

plaque is inhibited; 3. Chlorhexidine binds to the enamel of 

the tooth surface and covers the tooth surface, thus hindering 

the adsorption of salivary bacteria to the tooth surface; 4. 

Chlorhexidine competes with calcium ions while replacing 

the acidic agglutinating network of calcium ions that interact 

with agglutinating bacteria in saliva and precipitation, thus 

changing the cohesion of plaque bacteria and inhibiting the 

accumulation of bacteria and the adsorption of bacteria on 

the tooth surface. 

For gingivitis and periodontitis, the main microorganisms 

involved are gram-negative anaerobic bacteria such as 

Porphyromonas gingivalis, Clostridium perfringens, Proteus 

spp. and dentate dense spirochetes [35, 36]. In vitro studies 

have shown that chlorhexidine gluconate can affect the 

growth and reproduction of oral disease-associated flora, 

such as Porphyromonas gingivalis [37]. In a clinical trial, the 

diversity and abundance of bacteria on the tongues of healthy 

individuals were reduced with the use of 0.12% chlorhexidine 

gluconate gargle twice daily for 7 days [38, 39]. Also under 

the effect of 0.20% chlorhexidine gluconate gargle, the 

species and abundance of bacteria in the saliva of healthy 

people were reduced for the same treatment [40]. Therefore, 

chlorhexidine gluconate causes changes in the oral 

microflora and whether these changes affect healthy oral 

microbiota has not been elucidated. However, some studies 
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have shown a significant decrease in salivary pH and 

buffering capacity after 7 days of using chlorhexidine 

gluconate rinse, possibly due to increased salivary lactate and 

glucose levels [40]. Also in vitro experiments have found a 

similar situation [41]. For non-bacterial microorganisms, 

chlorhexidine gluconate also acts on fungi and viruses, such 

as Candida albicans associated with oral candidiasis [42]. It 

has been shown that some Candida albicans form resistant 

colonies after the use of chlorhexidine gluconate rinse, which 

can reduce the effectiveness of chlorhexidine gluconate rinse 

over time [43]. Chlorhexidine gluconate is used as a 

mouthwash will reduce the abundance of anaerobic bacteria 

such as Veronella, which may cause fungi such as Candida 

albicans to dominate and cause disease [44, 45]. Therefore, 

some researchers believe that the use of chlorhexidine 

gluconate gargle should be avoided in immunocompromised 

patients to avoid morbidity and mortality due to fungal 

infections [46]. 

The effective concentration of chlorhexidine gluconate 

rinse can also affect the growth and reproduction of oral 

microflora. The concentrations of chlorhexidine gluconate 

rinse currently on the market are roughly 0.20%, 0.12%, and 

0.06%. In Europe, a 0.2% CHX solution was developed as 

the international standard concentration [47], and several 

studies have tested lower concentrations of CHX (0.12%) 

and have also shown clinical effects [48, 49]. The optimal 

dose of chlorhexidine gluconate is usually considered to be 

20 mg twice daily [50, 51, 52]. This optimal dose balances 

efficacy, local side effects and user acceptance [53]. The 

study showed that 0.20% chlorhexidine gluconate rinse was 

significantly better than 0.12% and 0.06% chlorhexidine 

gluconate rinse in preventing supragingival plaque [54]; 

While 0.12% and 0.06%, chlorhexidine gluconate with rinse 

showed no statistical difference in the inhibition of bacterial 

plaque [55, 56]. However, some diseases have been reported 

to be associated with contaminated chlorhexidine gluconate 

rinse [57], it indicates that bacteria also can adapt to 

chlorhexidine gluconate [58]. Therefore, future studies are 

obliged to explore the development of bacterial resistance 

against chlorhexidine gluconate. 

4. Comparison of Studies on 

Chlorhexidine and Tea Polyphenols 

There is a lack of unified standards for the detection of 

antibacterial effects of tea polyphenols, and it is difficult to 

compare and analyze many data from different literature; so 

much so that the effect of the remaining ingredients in 

mouthwash on the antibacterial effect of tea polyphenols 

needs further study; and the synergistic effect of tea 

polyphenols and other sources (such as plants, chemical 

synthesis) of antibacterial substances is not sufficient. The 

research and development of substances with synergistic 

activity on tea polyphenols may also be an important 

development direction in the future; the drug resistance of 

periodontal pathogenic bacteria is becoming more and more 

serious, especially those originating from food, and there is 

not much research on the inhibitory effect of tea polyphenols 

on food-derived drug-resistant bacteria; tea polyphenols are 

widely used because of the recognition of their safety, 

however, the research on the interaction between tea 

polyphenols and bacteria is still very insufficient of tea 

polyphenols, especially on whether tea polyphenols induce 

bacteria to develop tolerance to other antimicrobial agents 

and other unfavorable conditions, lack of risk assessment. At 

present, the antibacterial mechanism of tea polyphenols is not 

very clear, and the application of tea polyphenols still lacks 

scientific basis and guidance, which largely limits the further 

promotion of tea polyphenols in the field of medicine 

(especially dentistry, oral prophylaxis, etc.). To better 

develop the application of tea polyphenol-related mouthwash, 

the research on the antibacterial properties and mechanism of 

tea polyphenol-containing mouthwash must be more 

extensive and in-depth [28]. 

At present, foreign countries have made relatively clear 

comparisons between the clinical applications of tea 

polyphenols and chlorhexidine, but there is a relative lack of 

corresponding research comparisons in China, probably 

because the domestic research on the antimicrobial properties 

of tea polyphenols is still limited to the types of tea 

polyphenols, antibacterial effects and influencing factors. 

Despite this, there is still some research progress in the 

comparison of the two in China. By comparing the effects of 

compound tea polyphenol rinse and compound chlorhexidine 

rinse on subgingival flora and gingival sulcus fluid endotoxin 

levels in patients with periodontitis [25], it was found that the 

compound chlorhexidine rinse group and the compound tea 

polyphenol rinse group had the same effect and were slightly 

better than the chlorhexidine group in terms of the change of 

G-bacteria count before and after the experiment. The side 

effects of chlorhexidine, such as poor taste, ease to stain the 

surface of the teeth, mucosal irritation and long-term use can 

lead to the normal flora of the oral cavity, so tea polyphenols 

in clinical use may be more due to chlorhexidine. Domestic 

experimental research. In the study of compound tea 

polyphenol rinse for the treatment of juvenile gingivitis made 

a comparison of the efficacy of tea polyphenol and 

chlorhexidine, the data showed no significant difference in 

the efficacy of the two groups (X2=0.683, P>0.05) [24]. 

However, the relevant domestic studies showed that the 

authors of the experimental conclusions are slightly 

subjective, and lack objective evaluation of the comparison 

of tea polyphenols and chlorhexidine two. However, in 

foreign countries, scholars have made a relatively more 

objective view, and the results of an experiment in 2021 

through Meta-analysis proved that tea polyphenols do have a 

more positive effect on PI, GI, GBI, BOP and other clinical 

parameters. Based on these results, that is, there is enough 

evidence to support the use of tea polyphenols for the 

prevention and treatment of periodontal disease, but there is 

not enough evidence to prove or recommend the use of 

chlorhexidine for the treatment or prevention of dental caries. 

However, the authors also stated that there is still insufficient 
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evidence to suggest that tea polyphenols can completely 

replace chlorhexidine. Therefore, chlorhexidine remains the 

recommended regimen for the treatment of gingivitis and 

periodontitis. It is very valuable in managing the treatment of 

gingivitis in adolescence. Finally, it is worth mentioning that 

the removal of local irritants remains the key to the treatment 

of adolescent gingivitis. The plaque remains the main 

etiology of adolescent gingivitis. The effect of sex hormones 

on periodontal health should also be considered. Traditional 

chlorhexidine gluconate rinses may be resistant to 

periodontal microorganisms, so the next research should 

focus on whether tea polyphenols have an inhibitory effect 

on drug-resistant bacteria. Further research should also be 

considered to see if tea polyphenols can mitigate the 

aggravating effects of sex hormones on gingivitis. 

5. Conclusion 

The key to the prevention and treatment of adolescent 

gingivitis is to remove local factors and control plaque, and 

chlorhexidine and tea polyphenol mouthwash can effectively 

inhibit plaque and reduce inflammation. There are few studies 

on the comparative efficacy of chlorhexidine and tea 

polyphenol rinses in China, and chlorhexidine rinses may 

cause periodontal microorganisms to develop drug resistance. 

For adolescent gingivitis, the therapeutic effect of each active 

ingredient of the two types of mouthwash through different 

mechanisms should be differentiated to help clinicians treat 

periodontal problems and prevent the occurrence of 

periodontal disease according to individual patient conditions. 
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