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IntroductIon

 Dental plaque is considered the main etiological 
factor for periodontal diseases.1 Mechanical plaque 
control has been regarded as the most effective method 
of plaque removal, which will consequently prevent the 
establishment of gingivitis.2,3 Even in well trained and 
educated patients, the compliance for daily brushing and 
flossing diminishes with time.4 Interproximal plaque 
is not effectively removed by brushing. It has been 
estimated that approximately 10% of the population 
floss regularly and effectively.5,6,7

 Chemotherapeutic agents (e.g. mouth rinses) are 
recommended for use as adjuncts to mechanical plaque 
control and are proposed to be effective specifically for 
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AbstrAct

 Mechanical plaque control is the most effective way in preventing periodontal diseases. Howev-
er, due to some drawbacks in the mechanical methods, chemical plaque control methods have been 
recommended. 
 The aim of this study was to examine the efficacy of an Essential Oil mouth rinse (Listerine®) 
on plaque formation in interproximal areas as compared to Chlorhexidine and Sterile water. 
 The study was an observer-blind, 4-day plaque regrowth, cross over study. The study was con-
ducted at the faculty of dentistry, University of Western Cape. 60 dental students aged 16-34 years 
with a minimum of 20 natural teeth participated voluntarily in the study. Exclusion criteria were 
established. An informed consent was taken prior to the start of the study. The students used one 
mouth rinse for 4 days as the only oral hygiene method and then plaque was scored using Silness & 
Löe plaque index. The same technique was used for the 2nd and 3rd experimental period with the 
other two mouth rinses with an identical wash out phase of two weeks.
 The mean plaque index scores for the Listerine mouth wash were 0.94 ± 0.18, for Chlorhexidine 
0.54 ± 0.09 and for sterile water were 1.54 ± 0.08. Mean percentage of full mouth plaque free surfaces 
for the use of Listerine mouth wash was 25 ± 4.32, 54 ± 5.84 and 13 ± 4.46 for Chlorhexidine and sterile 
water respectively. Mean percentage for interproximal plaque free surfaces (IPFS) for different mouth 
rinses were also calculated and were 22±4.84 for Listerine mouth rinse, 42 ± 5.18 for Chlorhexidine 
and 9 ± 3.78 for sterile water. 
 Analysis of variance and construction of 95% confidence intervals showed that both Chlorhex-
idine and Essential Oils significantly reduced plaque as compared to sterile water. The findings of 
this study suggest that although Essential Oils can reduce plaque formation but their effectiveness is 
lesser than Chlorhexidine.
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interdental areas.3,8,9 Essential oil mouth rinses (such 
as Listerine) and Bisbiguanide mouth rinses (such as 
Chlorhexidine) have been reported as adjuncts to me-
chanical cleaning by the American Dental Association 
(ADA).10

 The efficacy of mouth rinses as adjuncts to mechan-
ical plaque control is determined by their ability to 
produce plaque-free surfaces interproximally. Listerine 
has shown significant antiplaque properties in many 
short term and long term clinical studies11-13 while 
Chlorhexidine is considered to be the most effective 
anti-plaque agent available (i.e. “the gold standard”).14-18

 The aim of this study is to determine the effec-
tiveness of an essential oil mouth rinse (Listerine®) 
on 4-day interproximal plaque regrowth compared to 
Chlorhexidine and Sterile water.

MEtHodoLoGY

 The study was a randomized controlled, observ-
er-blinded, three periods cross-over, clinical trial. 
The study was conducted at the faculty of dentistry, 
university of western Cape and was approved by the 
university’s research and ethics committee. partici-
pation in the study was purely on a voluntary basis. 
60 dental students aged 16-34 years with a minimum 
of 20 natural teeth and good general and oral health 
participated in the study. Exclusion criteria were 
presence of probing depths � 3mm, fixed or removable 
orthodontic appliances or dental prostheses, any med-
ical or pharmacological history that could compromise 
the conduct of the study, any oral pathology and use of 
antibiotics or anti-inflammatory drugs in the preceding 
2 months. Students were distributed randomly into 3 
groups of 20 each.

Group one (I):- used Listerine mouth rinse for the 
1st period of 4 days, Chlorhexidine for the 2nd period 
and sterile water for the 3rd.

Group two (II):- used Chlorhexidine for the 1st period 
of 4 days, followed by sterile water for 2nd and Listerine 
for 3rd period respectively.

Group three (III):- used sterile water for the 1st period 
of 4 days, followed by Listerine and Chlorhexidine for 
the 2nd and 3rd periods respectively.

 An informed consent was taken prior to the start 
of the study.

the first experimental period

 On day 1 of the 1st period, participants received 
a complete dental prophylaxis to remove all plaque, 
calculus and stains. Disclosing agent was used to as-
certain that all plaque and calculus was removed. The 
volunteers were asked to cease their usual oral hygiene 
procedures for the following 4 days.19 The only means 
of oral hygiene allowed was the use of the mouth rinse 
that was dispensed to them. These mouth rinses were 
dispensed in coded 200ml bottles that were identical for 
each of the three mouth rinses. The dispensing of the 
mouth rinses was done by a nurse in the Department 
of periodontology to ensure examiner blindness. partic-
ipants were asked to rinse with 20 ml of the allocated 
mouth rinse twice daily for 1 minute. All instructions 
were given in detail verbally as well as in writing.

 On day 5, all participants were scored for plaque 
using plaque index proposed by Löe20, with some 
modifications. plaque scoring requires proper light, 
drying of teeth and a periodontal probe.

 The modifications included the recording of plaque 
scores on 6 sites per tooth instead of 4 and a disclosing 
agent was used in addition to probe which increased the 
accuracy of the scores. A dichotomous way of scoring 
was used. Score 0 was considered as plaque-free surface 
(plaque absence), while the other 3 scores (1, 2, and 3) 
were considered as positive scores (plaque present).

 At the end of this period, the participants observed 
a wash out period of 2 weeks with normal oral hygiene 
practice without use of any mouth rinse.

 The same technique was used for the 2nd and 3rd 
experimental period with an identical wash out phase 
of two week. To ensure reliability of the results the 
examiner re-examined the plaque scores for 20% of the 
sample.

statistical analysis

Percentage of Plaque-free surfaces (whole mouth)

 The % of plaque-free surfaces was calculated for 
each participant using the following formula:

% of plaque-free surfaces =
No. of surfaces with score 0 X 100

Total number of surfaces

 The mean % of plaque-free surfaces was determined 
for each mouth rinse.

Percentage of Plaque-free interproximal surfaces

 The % of plaque-free interproximal surfaces per 
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participant was calculated using the following formula: 

% of plaque-free interproximal surfaces =
No. of Interproximal surfaces with score 0 X 100

Total no. of interproximal surfaces

 The mean % of plaque-free Interproximal surfaces 
was determined for each mouth rinse. A Kruskal-wallis 
analysis of variance (ANOVA) test was carried out to 
investigate if statistically significant differences existed 
between the experimental groups at a significance level 
of p ≤ 0.05.

rEsuLts

 41 males (68%) and 19 females (32%) with a mean 
age of 22 years participated in the study. All partic-
ipants completed the rinsing regimes satisfactorily 
without any notable side-effects. The mean plaque 

index scores for the Listerine mouth wash were 0.94 
± 0.18, for Chlorhexidine 0.54 ± 0.09 and for sterile 
water were 1.54 ± 0.08.

Percentage of Plaque-Free surfaces

 Mean percentage of full mouth plaque free surfaces 
for the use of Listerine mouth wash was 25 ± 4.32, 54 ± 
5.84 and 13 ± 4.46 for Chlorhexidine and sterile water 
respectively.

% of Interproximal Plaque-Free surfaces 

 Mean percentage for interproximal plaque free 
surfaces (IpFS) for different mouth rinses were also 
calculated and were 22±4.84 for Listerine mouth rinse, 
42 ± 5.18 for Chlorhexidine and 9 ± 3.78 for sterile 
water.

comparison of different Mouth rinses:

 Comparison among three mouth rinses was done 
using ANOVA and results showed a statistically sig-
nificant difference amongst groups (p ≤ 0.05)

 Tukey test was carried out for a pair-wise compar-
ison to determine which group differed from the others 
at a significance level of p ≤ 0.05. The results showed 
that all the mouth rinses differed significantly from 
each other in terms of plaque index scores (Table 2).

 Comparison was done among these mouth rinses 
in terms of full mouth plaque free surfaces (pFS). The 
results were again statistically significant (Table 3).

 Similarly, Table 4 represents the statistically sig-
nificant differences between groups at a 95% confidence 

TABLE 1: ANOVA rESuLTS (OVErALL COMpArISON OF GrOupS)

sum of squares df Mean square F sig.
% IpFS Between groups 33900.144 2 16950.072 787.848 .000

within groups 3808.050 177 21.514
Total 37708.194 179

TABLE 2: MuLTIpLE COMpArISONS BETwEEN GrOupS (pI)

dependent variable Group Group Mean difference std. error sig.
pI Listerine Chlorhexidine 0.40133 0.02286 .000

Listerine Sterile water -.60900 0.02286 .000
Chlorhexidine Listerine -.40133 0.02286 .000
Chlorhexidine Sterile water -1.01033 0.02286 .000
Sterile water Listerine .60900 0.02286 .000
Sterile water Chlorhexidine 1.01033 0.02286 .000
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level for % interproximal plaque free surfaces (IpFS). It 
was found that all mouth rinses differed significantly 
from each other. (Table 4)

dIscussIon

 The present study showed the ability of the 4-day 
plaque regrowth study design to effectively demon-
strate the differences in the anti-plaque properties of 
the different mouth rinses. ramberg et al.19 reported 
that plaque formation is completed in the first 4 days 
and remains the same in composition until day 14 of 
the plaque growth period. Based on these findings a 
4-day period of plaque growth was used for the study 
design.

 Both active mouth rinses used in the study re-
duced plaque formation compared to the control and 
this reduction was statistically significant. Full mouth 
plaque scores indicated that Listerine produced 25% 
plaque-free surfaces and for Chlorhexidine the figure 
was 54%, while the sterile water could produce only 13% 
plaque free surfaces. Mean percentage for interproximal 
plaque free surfaces for different mouth rinses showed 
the same trend in plaque control with maximum % age 
of interproximal plaque free surfaces being produced 
with the use of Chlorhexidine mouth rinse (42 ± 5.18) 
followed by Listerine (22 ± 4.84) and sterile water (9 
± 3.78).

 The findings of this study demonstrate that Ch-
lorhexidine is the most effective anti-plaque agent. 
These findings are similar to several other studies 
conducted.14-18,21 The efficacy of Chlorhexidine can be 

attributed to its ability to penetrate plaque and kill 
the bacteria inside the biofilm.22-24 Chlorhexidine has 
the affinity to bind to tissues and stay active for more 
than 12 hours.24,25 These properties make Chlorhexidine 
the gold standard in chemical plaque control, however 
taste alteration that can last up to 4 hours after rins-
ing, supragingival calculus formation and staining 
of tongue, teeth and restorations are recognized side 
effects of Chlorhexidine. Therefore, it is likely that the 
Chlorhexidine mouth rinse could play a better role in 
situations when short term plaque control is critical and 
usual oral hygiene procedures are difficult to execute. 
In the present study no side effects were found with 
the use of Chlorhexidine. The absence of side effects 
can be attributed to the short duration of use.

 The results of this study concurred with previous 
findings that Listerine can reduce plaque forma-
tion.12,13,27,28 The ability of Listerine to reduce plaque 
can be attributed to its broad antimicrobial range, its 
ability to penetrate plaque and kill the bacteria inside 
the biofilm.30-32 Listerine also has the affinity to bind 
to tissues and stay active for several hours.25,31 In ad-
dition, Listerine does not stain the tongue, teeth and 
restorations and does not change taste perception or 
increase calculus formation like Chlorhexidine.18,31 

concLusIons

 The results of the present study demonstrated that 
both Chlorhexidine and essential oil mouth rinses have 
the ability to reduce interproximal plaque formation, 
with the reported side effects associated with the long 

TABLE 3: MuLTIpLE COMpArISONS BETwEEN GrOupS (% pFS)

dependent Group Group Mean std. error sig.
% pFS Listerine Chlorhexidine -29.783 .898 .000

Listerine Sterile water 11.800 .898 .000
Chlorhexidinee Listerine 29.783 .898 .000
Chlorhexidine Sterile water 41.583 .898 .000
Sterile water Listerine -11.800 .898 .000
Sterile water Chlorhexidine -41.583 .898 .000

TABLE 4: MuLTIpLE COMpArISONS BETwEEN GrOupS (% IpFS)

dependent Group Group Mean std. error sig.
% IpFS Listerine Chlorhexidine -20.817 .847 .000

Listerine Sterile water 12.450 .847 .000
Chlorhexidine Listerine 20.817 .847 .000
Chlorhexidine Sterile water 33.267 .847 .000
Sterile water Listerine -12.450 .847 .000
Sterile water Chlorhexidine -33.267 .847 .000
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term use of Chlorhexidine. It can be concluded that 
both these products may have a distinct role in the 
management of periodontal patients.
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