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ABSTRACT 

Background: The aim of this split-mouth study was to compare the antiplaque and antigingivitis 

efficacy of different chlorhexidine (Chx) formulations and essential oils (EO) over negative control 

(steril saline) during the first 4-day of plaque accumulation on cleaned tooth surfaces.   

Subjects and methods: Systemically and periodontally healthy dental students were enrolled. After 

supragingival prophylaxis, subjects were advised to refrain from oral hygiene measures. Two test; 

0.12% Chx (Klorheks®), 0.1% Chx (Eludryl®), one positive control; EO (Listerine® Total Care) one 

negative control (sterile saline) agents were used for supragingival irrigation by the clinician. Plaque 

index (PI), gingival index (GI), bleeding on probing (BoP), periodontal probing depth (PPD) were 

recorded at 1 and 5 days of the study.  

Results: Plaque scores were significantly higher at 5 days compared to 1st day for each agent 

(p<0.05). Both Chx formulations resulted in lower plaque scores compared to saline (p<0.05).  

Accumulated plaque quantity at the end of 4 days was significanly lowered only in 0.12% Chx 

applied quadrants than the control agent (p<0.05). 0.12% Chx significantly prevented gingival 

inflammation compared to saline (p<0.05).    

Conclusions: The results of this study suggest that 0.12% Chx concentration effectively prevents 

plaque accumulation and early signs of gingivitis significantly better than 0.1% Chx with alcohol and 

EO in absence of regular plaque control.  
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INTRODUCTION 

Dental plaque, currently known as dental biofilm, is responsible for the initiation of 

periodontal disease and tooth decay. Dental plaque biofilm first starts as a pellicle, a protein 

film that forms on the surface of enamel by selective binding of salivary glycoproteins (1). 

The pellicle forms in seconds after meachnsical cleaning of a tooth. It protects the tooth from 

acid attacks, which cause erosion of enamel tissue.  The first bacteria to attach to the pellicle 

are gram-positive aerobic cocci such as Streptococcus sanguinis. These bacteria can replicate 

in the aerobic (rich in oxygen) environment of the oral cavity and form micro-colonies within 

minutes after attachment. Other bacteria including Streptococcus mutans can grow in these 

colonies. After only a few days, anaerobic gram-negative cocci, rods, and filaments begin to 

colonise the plaque; they are responsible for the initiation of gingivitis and periodontitis. 

Studies have established that the ability to control the onset or progression of periodontal 

diseases is clearly improved by regular plaque control (2). 

Mechanical plaque control efforts have some limitations as home care as they require 

adequate manual dexterity, adequate time, and a definite motivation. Because of these 

limitations, chemical plaque control agents have been advocated to assist mechanical plaque 

removal efforts. Regular assistance from these agents is recommended by some researchers 

(4-6). Bisbiguanides (chlorhexidine, Chx) have been found to have a more pronounced anti-

plaque and anti-gingivitis effect compared to other agents (4, 6). Chx has been included in 

mouthrinses at various concentrations and in different formulation (7). A 0.2% concentration 

of this agent is considered the gold standard (7, 8). In a recent review, Chx 0.12% mouthrinse 

was compared with Chx 0.2%, and the latter was reported to show a small but significant 

difference in plaque inhibition (9). However, no differences have been shown in anti-plaque 

efficacy between 0.1%, 0.12%, and 0.2% Chx mouthrinses in long-term clinical studies (10, 

11). In addition, plaque inhibition by Chx was found to be dependent on dose more than 
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concentration (6, 12). Chx has no known systemic toxicity, and supra infection and microbial 

resistance do not occur (7). Common side effects of chlorhexidine, such as tooth staining and 

taste perturbation, limit long-term use of the agent (14, 15).  

Alcohol is generally used as a chemical ingredient in mouthrinse solutions. Alcohol is 

used 1) as a vehicle to dissolve other ingredients, 2) to protect the stability and activity of the 

formulation, and 3) as an antiseptic agent (7,13,16). However, alcohol addition is one of the 

most controversial issues about Chx formulations (17-19). Its presence might be responsible 

for an increased risk of oral cancers (17,18). It has been advised that alcohol should not be 

used in certain patient groups, such as those who have mucositis, have undergone from head-

and-neck irradiation, are immunocompromised, or are alcoholics (19) Comparative studies 

evaluating the effectiveness of mouthrinses with and without alcohol have reported 

conflicting results (7, 20). In a recent study, it was concluded that the benefit of alcohol in 

mouthrinses is negligible, and since alcohol may carry a risk of oral cancer, mouthrinses that 

contain alcohol should not be recommended (13).  

The effectiveness of essential oil (EO) mouthrinses in controlling plaque and 

gingivitis has been demonstrated in long- and short-term clinical studies (21-24) and EOs 

have anti-plaque effects comparable to those of Chx (25-28). EO was also reported to have an 

additional effect when used for subgingival irrigation of deep residual periodontal pockets 

(29). However, there are substantial data reporting Chx to be superior to EO (21, 30, 31).  

The aim of this clinical study was to compare the clinical efficacy of commercially available 

mouthrinses containing  0.1% Chx with alcohol and 0.12% Chx in an alcohol-free 

formulation to positive (EO) and negative (sterile saline) controls in dental students in a 4-day 

non-brushing model. The other aims of the study were to evaluate patient compliance with 

the guidelines of a questionnaire and any possible side effects of the test agents. 
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SUBJECTS AND METHODS 

Study population 

The study was conducted at the Faculty of Dentistry, Department of Periodontology, and the 

study protocol was approved by the regional Ethics Committee. All subjects were informed 

about the nature of the study protocol, and their signed informed consent was obtained. A 

total of 20 subjects (9 male and 11 female, aged 21 to 23 years, mean age: 22.5 ± 0.8 years) 

were included in the study.  

 

Study Design 

This was a split-mouth, parallel design, double-masked, placebo-controlled study comparing 

0.12% and 0.1% (plus 0.05% alcohol) Chx solutions and EO to sterile saline as a negative 

control. All subjects were systemically and periodontally healthy never-smoker dental 

volunteer students who had ≥ 20 teeth. Subjects were excluded if they had decay, 

restorations, or any kind of prosthetic or orthodontic appliances; received antibiotic therapy 

during the last 6 months; or were allergic to any ingredients in the formulas. A diagram of the 

study design and timeline is presented in Figure 1. All study subjects underwent 

supragingival dental prophylaxis using ultrasonic devices (Cavitron Select SPS, Dentsply, 

NY, USA) 1 week prior to application of each product. They were instructed to brush using 

the modified Bass technique, use dental floss, and retain oral hygiene status during the 1-

week intervals between irrigation periods. The study design ensured that all participants 

served as their own controls, using four quadrants. Each participant was professionally 

irrigated with the two test and two control solutions. The study was completed in 41 days per 

subject. Baseline clinical indices of the associated quadrants were recorded on days 1, 13, 25, 

and 37 and repeated at the end of 4-day irrigation periods with each product on the 

corresponding days 5, 17, 29, and 41, respectively by the main investigator (EC). Irrigation of 
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the agents to the randomly assigned quadrants was accomplished by another investigator 

(EB). Agent-quadrant matching was randomly set up by lot (to decide the irrigation agent for 

each quadrant) per subject by another investigator (CK). (CK also managed all contact with 

the participants, ensuring all subjects completed the study with no no-shows). Subjects were 

banned from performing any type of oral care method—such as tooth brushing, flossing, 

chewing gum, using mouthrinse, etc.—during each irrigation period (i.e. between days 1 and 

5, 13 and 17, 25 and 29, and 37 and 41). The mouthrinse samples were previously labelled, 

assigned the letters A (EO), B (0.12% Chx), C (0.1% Chx with alcohol), and D (sterile 

saline). The labelling of the solutions was performed by one of the authors (SC), who was 

blinded to the clinical procedures. Plaque index (PI) (32), gingival index (GI) (33), 

periodontal probing depth (PPD), and bleeding on probing (BoP) (34) were recorded. All 

indexes were evaluated on all teeth, excluding third molars, in the six gingival units of the 

same teeth (mesio-vestibule, mid-vestibule, disto-vestibule, mesio-lingual, mid-lingual, and 

disto-lingual).  

 

Supragingival irrigation  

The subjects were instructed not to eat or drink anything before and 1 hour after each 

irrigation cycle. Four quadrants of each subject were randomly assigned for application of 

three test rinses (0.12% Chx - Klorheks®, 0.1% Chx - Eludril®, EO -  Listerine® Total Care) 

and one negative control (sterile saline) agent as mentioned previously. The solution codes 

were not available to the investigators in charge of the clinical procedures until the data were 

completely analysed by the statistician. The previously labelled irrigation solutions were 

applied using blunt-tipped 5-cc injectors from a 2-3-cm distance with a 90° bevel to the tooth 

surfaces for 10 seconds on each tooth. As a result, each tooth was irrigated with 5 ml of 

product (a total of 50 ml solution for each tooth). The isolation of the other sites was ensured 
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using custom-made imperforate acrylic stents. Supragingival irrigations were repeated on 

first, second, third, and fourth days of each irrigation period. On the fifth day of each 

irrigation period, the study participants were also asked to complete surveys that included 

questions to evaluate the associated solution in terms of flavour, odour, taste modification, 

mucosal burning, and staining. 

 

Data Analysis 

Twenty-three subjects were enrolled in the study; however, 3 subjects could not abstain from 

brushing. The data for 20 subjects were analysed. The primary outcome variable was plaque 

accumulation prevention. Other variables tested were gingival inflammation, sulcus bleeding, 

probing depth, and side effects (tooth stain, flavour, taste modification, mucosal burning, and 

so on). All variables were tested for the four irrigation solutions (three test solutions and one 

negative control), which were applied to each of the quadrants randomly for 1 – 5 days. The 

Shapiro–Wilks test was used to analyse the distribution of the data. The Wilcoxon signed-

rank test was used for intra-group analyses of GI and BoP, which were not distributed 

normally. The paired samples test was used for intragroup analyses of PI and PD, which were 

distributed normally. ANOVA was used for inter-group analyses at 1 and 5 days. The 

Bonferroni correction was used for inter-group post hoc analyses. To order the agents 

according to their efficacy in terms of preventing plaque accumulation, the difference 

between days 5 and 1 for each agent was compared inter-group using ANOVA. A post hoc 

test (Bonferroni correction) was also used for this comparison. P < 0.05 was accepted as 

indicative of statistical significance. The IBM SPSS Statistics, version 21 statistical software 

was used for analysis. 
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RESULTS 

A total of 20 subjects completed the study. Demographic features are shown in Table 1.  All 

patients were treated with full supragingival prophylaxis prior to the study. No subjects 

reported any complications or unexpected complaints. A total of 20 quadrants were 

supragingivally irrigated with each agent, and 840 sites per agent were evaluated. Table 2 

shows the clinical periodontal changes before and 4 days after supragingival irrigation and a 

comparison of baseline and post-irrigation scores of these parameters (PI, GI, BOP, PPD) 

versus the control agent. Plaque scores were significantly increased in all quadrants as a 

result of the cessation of mechanical plaque control, irrespective of the content of the agent, 

despite daily professional irrigation (p<0.05). There was no difference at 5 days compared to 

1 day of professional irrigation at any quadrant irrigated with EO, 0.12% Chx, or 0.1% Chx 

in terms of GI. However, there was a significant increase in GI in the sites to which saline 

was applied compared to the first day of the irrigation period, as early evidence of clinical 

gingivitis. 

Although there was an increase in the mean BoP score for all four quadrants, this 

increase did not reach significance (p > 0.05). PD values did not change significantly 

throughout the study for any agent, despite the slight increase in quadrants to which EO, 

0.12% Chx, and 0.1% Chx had been applied. 

Inter-group comparisons of all agents used in the study are also shown in Table 2. We 

observed significantly less plaque accumulation in the quadrants that were professionally 

irrigated with 0.12% Chx and 0.1% Chx compared to the mean PI in saline-irrigated 

quadrants. Moreover, quadrants to which EO was applied had significantly higher PI 

compared to those receiving 0.12% Chx at 5 days post-irrigation. However, there was no 

difference between sites to which EO and saline were applied in terms of PI at 5 days (Figure 

2). Quadrants to which 0.12% Chx were applied had significantly lower GI compared to 
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quadrants irrigated with saline at 5 days post-irrigation (p<0.05). After the results were 

adjusted for Bonferroni correction, a difference between quadrants receiving saline and those 

receiving Chx remained evident (regardless of Chx concentration and alcohol addition). 

The elevations in PI and GI scores among the agents from 1 to 5 day were evaluated 

(Table 3). Similar to the comparisons at 5 days, quadrants to which 0.12% Chx and 0.1% Chx 

were applied had significantly lower PI scores compared to quadrants irrigated with saline (p 

< 0.001). The mean differences between 1 and 5 days were as follows: 0.80 ± 0.50, 0.40 ± 

0.44, 0.55 ± 0.38, and 1.07 ± 0.59 for EO, 0.12% Chx, 0.1% Chx, and saline, respectively. 

O.12 % Chx yielded to the least change in GI as compared to saline (p<0.001) [Figure 3]. 

The results of the survey indicated that 0.1% Chx with alcohol was less tolerable in terms of 

taste, odour and burning feeling, and EO was the agent most easily tolerated by the subjects.  

 

 

DISCUSSION 

The present study was designed to compare the plaque-inhibiting efficacy of three different 

antiplaque mouthrinses over placebo when used as a supragingival irrigation agent and their 

ability to prevent a possible gingivitis lesion during a 4-day non-brushing model. The non-

brushing period was set to 4 days to prevent the possibility of established lesions; however, 

the period was long enough so that clinically visible changes could be distinguished, as has 

been shown in previous studies (35-37). 

Pathologic changes in gingivitis are associated with the presence of oral 

microorganisms in the gingival sulcus. These microorganisms are capable of synthesising 

products that damage epithelial and connective tissue cells as well as constituents of these 

tissues. The sequence of events in the development of gingivitis involves three stages. The 

earliest stage is the ‘initial lesion’, which occurs during the first 2 to 4 days after plaque has 
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been allowed to accumulate. However, this initial response of the gingiva to bacterial plaque 

is not clinically apparent, and this stage can be termed ‘subclinical gingivitis’. Beginning 

from the fourth day of plaque accumulation, an early lesion starts, and bleeding on probing 

may be evident to discriminate clinically visible gingivitis. The duration of this study was 

limited to 4 days, which is in the period of the initial lesion before the early lesion starts, still 

allowing the earliest signs of gingivitis to be clinically present (38). 

Plaque is the first and main requirement for the initiation of gingivitis. To prevent 

gingivitis lesions, bacterial plaque must be effectively removed from tooth surfaces at least 

once every 48 hours (39). Mechanical plaque removal sometimes must be assisted by 

chemical agents. Chx and EO are the most common agents prescribed for this purpose. Both 

anti-plaque agents have been evaluated as adjuncts to normal oral hygiene measures (4, 21, 

23, 40) for 3 or more months or 6 or fewer week (41). All of these studies suggest Chx to be a 

significantly superior supplement to normal oral hygiene measures than EO in terms of PI 

scores, with the exception of Axelsson and Lindhe (4), who reported similar PI scores. These 

studies have also reported that these two agents were comparable in their ability to prevent 

gingivitis. When Chx and EO were compared in non-brushing models, the duration of the 

study was limited to 2 weeks or less (22, 42-44). These short-term studies also report that 

Chx was significantly superior in terms of preventing de novo plaque formation. When the 

overall data from all these studies are considered, it can be suggested that Chx has superior 

antiplaque effects than EO. However, there is variety in these studies in terms of the 

concentration of Chx (ranging from 0.1% to 0.12% and 0.2%), presence of alcohol in the 

formulations, and the content of the placebo formulation (saline, hydro-alcohol solution, 

sterile water, etc.). In the present study, two concentrations of Chx (0.1% and 0.12%) were 

used to evaluate the effect of the concentration of the formulation on the efficacy of the 

agent. 0.12% Chx presented anti-plaque effects superior to those of 0.1% Chx, despite the 
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fact that the latter formulation contained alcohol. Alcohol below 10% has been reported to 

have almost no effect on biofilm growth (45). Therefore, the superior antiplaque effects of 

0.12% Chx over 0.1% Chx are likely the result of the difference in concentration between the 

two formulations. Few studies compare the concentrations of Chx used in the current study. 

Among these, Olsson et al. (46) reported similar antiplaque effects of concentrations of 

0.12% and 0.1%. In contrast, Addy et al. found 0.12% Chx to lead to significantly lower 

plaque scores at 19 days compared to 0.1% Chx (47). The results of the current study suggest 

that the benefits of alcohol supplementation in the formulation of mouthrinses are less than 

the benefits of a slightly increased Chx concentration. By this strategy, the possible side 

effects of alcohol can be bypassed.  

PI was significantly increased at 5 days in all sites regardless of the irrigation solution 

used. In this respect, the maturity of the plaque might be a determining factor, in that mature 

plaque cannot be removed by supragingival irrigation or rinsing, and these agents cannot 

replace mechanical plaque removal and should be used only as an adjunct to regular oral 

hygiene measures. However, the least amount of plaque after ceasing regular oral hygiene 

measures was observed in the quadrants irrigated using 0.12% Chx. In this study, alcohol-free 

0.12% Chx was superior to 0.1% Chx with alcohol. No difference was observed between EO 

(22% alcohol in the formulation) and saline, which was the negative control. Likewise, the 

least marked gingival changes as assessed by GI were observed in the quadrants irrigated 

with 0.12% Chx. Statistically significant changes compared to baseline were observed only in 

quadrants irrigated with the negative control, saline, possibly validating the protective effects 

of all three test agents against development of gingivitis during the first 4 days of plaque 

accumulation. Still, a significant difference existed only between 0.12% Chx and saline at the 

end of the study, confirming 0.12% Chx to be the most effective agent in terms of preventing 

gingival inflammation.                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                      
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Most studies designed to evaluate the efficiency of mouthrinses highlight PI scores (4, 

7, 9, 13, 21, 31, 37). GI is important for determining the actual efficacy because the rationale 

for inhibiting plaque accumulation is preventing plaque-related disease, mainly gingivitis. 

According to the specific-plaque hypothesis, the species composition of the plaque, rather 

than the amount of plaque, is responsible for gingival disease. When gingival inflammation is 

set as a primary outcome variable, the results of the current study indicate that all test agents 

are effective in terms of prevent signs of gingivitis. Only sites to which saline was applied 

showed statistically significant GI scores at the fifth day compared to the first day. All test 

agents succeeded in preventing significant gingival index changes; however, only 0.12% Chx 

resulted in baseline GI scores being retained, in contrast to the slightly higher scores with the 

other test agents. However, in a recent systematic review that included long-term studies (≥4 

weeks), the authors concluded that although EO mouthrinses were less effective for plaque 

control, there were no marked differences in the control of gingival inflammation compared 

to chlorhexidine (48). 

Chx as a mouthrinse can cause local side effects, including taste disturbance; staining 

of teeth, tongue and restorations; and enhanced supragingival calculus formation (37, 49, 50). 

In the current study, no side effects related to the agents were observed, probably due to the 

short duration of the study. 

 

 

CONCLUSION 

The results of the present study suggest that Chx at a 0.12% concentration has superior anti-

plaque and anti-gingivitis effects compared to 0.1% Chx and EO in a 4-day non-brushing 

model. However, further studies with larger sample sizes are needed. 
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Table 1: Demographic features of the study participants 

Mean Age ± SD 22.55 ± 0.82 

Range  21 - 23  

Gender (female / male)  11 / 9 

Smokers  None 

 

 

Table 2: Inter-group and Intra-group Comparisons of the Agents in Terms of Clinical 

Parameters (mean±sd)  

Periodontal 

Parameters 

Time     

Point EO 0.12% CHX   0.1% CHX     Saline 

PI 1st day 0.17±0.16 0.17±0.17 0.24±0.21 0.22±0.20 

 
5th day 0.97±0.46¶# 0.58±0.37*,** 0.80±0.33*,** 1.30±0.55* 

GI 1st day 0.09±0.10 0.11±0.15 0.09±0.12 0.10±0.10 

 
5th day 0.11±0.12 0.11±0.13** 0.12±0.13 0.22±0.17¶¶ 

BoP 1st day 0.12±0.16 0.13±0.16 0.13±0.09 0.15±0.11 

 
5th day 0.16±0.11 0.18±0.13 0.20±0.16 0.27±0.14 

PPD 1st day 1.65±0.17 1.67±0.15 0.60±0.22 1.65±0.22 

 
5th day 1.70±0.25 1.69±0.23 1.59±0.26 1.63±0.27 

Paired samples t test, Wilcoxon Signed rank test, ANOVA, Bonferroni correction. 

No difference between baseline levels of PI, GI, BoP and PD among the agents.  

No difference between 5 days levels of BoP and PD among the agents.   

*: significantly different compared to baseline (p=0.000)   

¶: significantly different compared to baseline (p=0.001)   

¶¶: significantly different compared to baseline (p=0.002)   

**:significant difference compared to saline (p<0.001)   

#: significantly different compared to 0.12 % chlorhexidine  

PI: Plaque index,   

GI: Gingival index,   

BoP: Bleeding on probing,   

PPD: Periodontal probing depth    
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Table 3: Mean±SD Elevation in PI and GI from 1 day to 5 day 
 

Variables EO 0.12% CHX 0.1% CHX Saline p 

PI 0.80±0.51 0.41±0.44* 0.55±0.38* 1.07±0.59 <0.001 

GI 0.03±0.10 0.00±0.15* 0.028±0.16 0.12±0.14 <0.001 

                       ANOVA, Bonferroni correction 

                     *: significantly different compared to saline  

   PI: Plaque index,   

  GI: gingival index,   

  BoP: bleeding on probing,   

  PPD: periodontal probing depth 
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Fig 1: Diagram of the study timeline. 

 

 

 

Fig 2: Inter-group and Intra-group Comparisons of the Agents in Terms of PI 
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Fig 3: Inter-group and Intra-group Comparisons of the Agents in Terms of GI 

 

 


