
Send Orders for Reprints to reprints@benthamscience.ae 

106 The Open Dentistry Journal, 2015, 9, 106-111  

 

 1874-2106/15 2015 Bentham Open 

Open Access 

Effect of Fluoride and Chlorhexidine Digluconate Mouthrinses on Plaque 
Biofilms  

Per Rabe
1,*

, Svante Twetman
1,2

, Bertil Kinnby
3
, Gunnel Svensäter

3
 and Julia R. Davies

3
 

1
Maxillofacial Unit, Halland Hospital, SE-301 85, Halmstad, Sweden; 

2
Department of Odontology, Section of Cariology 

and Endodontics, Faculty of Health and Medical Sciences, University of Copenhagen, Denmark; 
3
Department of Oral 

Biology, Faculty of Odontology, Malmö University, SE-206 05, Malmö, Sweden 

Abstract: Objective: To develop a model in which to investigate the architecture of plaque biofilms formed on enamel 

surfaces in vivo and to compare the effects of anti-microbial agents of relevance for caries on biofilm vitality.  

Materials and Methodology: Enamel discs mounted on healing abutments in the pre-molar region were worn by three sub-

jects for 7 days. Control discs were removed before subjects rinsed with 0.1% chlorhexidine digluconate (CHX) or 0.2% 

sodium fluoride (NaF) for 1 minute. Biofilms were stained with Baclight Live/Dead and z-stacks of images created using 

confocal scanning laser micoscopy. The levels of vital and dead/damaged bacteria in the biofilms, assessed as the propor-

tion of green and red pixels respectively, were analysed using ImageTrak
®

 software. Results: The subjects showed indi-

vidual differences in biofilm architecture. The thickness of the biofilms varied from 28-96 m although cell density was 

always the greatest in the middle layers. In control biofilms, the overall levels of vitality were high (71-98%) especially in 

the area closest to the enamel interface. Rinsing with either CHX or NaF caused a similar reduction in overall vitality. 

CHX exerted an effect throughout the biofilm, particularly on the surface of cell clusters whereas NaF caused cell dam-

age/death mainly in the middle to lower biofilm layers. Conclusion: We describe a model that allows the formation of ma-

ture, undisturbed oral biofilms on human enamel surfaces in vivo and show that CHX and NaF have a similar effect on 

overall vitality but differ in their sites of action.  
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INTRODUCTION 

The resident oral microflora is found in the form of sur-
face-associated communities, or biofilms. Oral biofilm for-

mation is initiated by the adhesion of early colonizers to 

salivary proteins in the enamel pellicle or to the saliva-
derived films on mucosal surfaces. Upon binding, these pio-

neer bacteria themselves provide adherence sites and modify 

the environment allowing later-colonizing species to become 
established [1]. On the tooth enamel, stabilization of these 

heterogeneous micro-colonies through synthesis of polysac-

charides and proteins, as well as sequestration of host pro-
teins, gives rise to complex microbial communities known as 

dental plaque. Identification of the initial colonizing species 

on enamel in vivo shows that the predominant species are 
streptococci, including Streptococcus oralis, Streptococcus 

mitis biovar 2 and Streptococcus sanguinis [2] and actino-

mycetes, including Actinomyces naeslundii. 

Microorganisms growing in biofilms have been shown to 

be highly resistant to antimicrobial agents and can be up to 
1000 times more resistant than their planktonic counterparts 

[3]. This property has, in part, been attributed to poor pene-

tration of antimicrobial substances into biofilms due to the 
presence of the polymer matrix. However, biofilm bacteria  
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are also intrinsically less susceptible to antimicrobial sub-
stances due to their slow rates of growth and the adoption 
of a distinct biofilm phenotype, which differs from that of 
planktonic bacteria. When penetration is poor, bacteria in 
biofilms may be exposed to sub-lethal concentrations of 
biocides, contributing to the development of antimicrobial 
resistance.  

The commensal oral microflora is important for health 
but oral biofilms are also an essential component in the 
etiology of dental caries. In caries, metabolism of rapidly 
fermentable carbohydrates results in the production of or-
ganic acids in oral biofilms. The low pH resulting from this 
process disrupts the mineral equilibrium between the tooth 
surface and the surroundings leading to demineralization. 
Approaches aimed at preventing dental caries include me-
chanical removal of biofilms, application of fluoride, the 
use of antimicrobial agents such as chlorhexidine gluconate 
(CHX) and dietary control. Current evidence suggests that 
topical application of fluoride in the form of toothpaste, 
gels, varnishes and mouthrinses can reduce caries devel-
opment (for a review see [4]). Fluoride has been thought to 
act primarily through the formation of fluorapatite crystals, 
which have a greater resistance to organic acids than hy-
droxyapatite. However more recently, fluoride has also 
been shown to be capable of reducing organic acid produc-
tion in cariogenic bacteria such as Streptococcus mutans 
growing in biofilms [5].  
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The cationic bisguanidine, CHX, which has long been 
used as an antibacterial agent in the oral cavity, has been 
shown to significantly reduce amounts of dental plaque 
compared to placebo [6]. The particular sensitivity of S. mu-

tans to CHX has led to its use in the prevention of caries [7]. 
Although the mechanism of action is not fully elucidated, 
CHX has also been shown to inhibit both acid production 
and sugar transport in oral streptococci [8].  

Caries often occurs at inaccessible sites where mature 
biofilms are present. Such biofilms contain, not only mixed 
bacterial species, but also high levels of biofilm matrix com-
ponents. Therefore an ability to penetrate into plaque 
biofilms and reach concentrations required for a bacterio-
cidal effect is critical if substances are to be effective in car-
ies prevention and treatment. In this study, we have investi-
gated the thickness and architecture of intact plaque biofilms 
from different individuals, formed on enamel surfaces over 7 
days in vivo. We have then tested the effect of rinsing in vivo 
with sodium fluoride (NaF) and CHX on bacteria at different 
levels within the biofilms. The results of this study will shed 
light upon the ability of the antimicrobial agents, fluoride 
and CHX to exert an effect in the clinical setting. 

MATERIALS AND METHODOLOGY 

Experimental Conditions 

Three healthy volunteers (two female and one male, aged 
68-83 yrs, median 75 years) with at least two single implants 
in the same premolar region were enrolled in the study. All 
subjects gave their informed consent and the study was ap-
proved by the Regional Ethical Review Board in Lund, Swe-
den (Dnr 2010/525). The patients were initially referred to 
the periodontal section of the Maxillofacial Unit Halland 
Hospital, Sweden for care and had implants installed when 
their periodontal disease had been sucessfully treated. They 
retained their normal dietary and oral hygiene habits and 
were instructed not to brush the abutments or use any chemi-
cal plaque control or fluoride rinses during the study period. 
None of the subjects used tobacco and all displayed a good 
level of oral hygiene.  

Specimen Preparation 

Two premolar implants located in the same quadrant 
were selected as study sites. The suprastructure was removed 
from the implants and replaced with specially prepared heal-
ing abutments (  4.8 mm, Straumann AG, Basel, Switzer-
land). An enamel disc recovered from intact extracted human 
third molars was mounted on the top of each abutment with 
aid of an orthodontic resin (Smart Bond, Gestrenco interna-
tional, Gothenburg, Sweden). The enamel specimen had 
been prepared with diamond burs and abrasive paper in order 
to achieve a flat surface at a 90˚ angle to the axis of the heal-
ing abutment.  

Biofilm Formation 

After application of the abutments (Fig. 1), a natural 
biofilm was allowed to develop for 7 days. After this time 
one of abutments, selected at random, was removed and the 
patient was instructed to rinse their mouth with 10 ml of the 
assigned test solution; either 0.1% CHX (Hexident

®
, Meda 

AB Solna, Sweden) or 0.2% NaF (Dentan
®

, Meda AB, 
Solna, Sweden). The rinsing time was one minute followed 
by a 10 second tap water rinse. Immediately thereafter, the 
second abutment was removed. The abutments were kept in 
a moist chamber and the biofilms analysed within 4 hours 
after removal.  
 

 

Fig. (1). Photograph showing experimental set-up. Enamel discs 

were mounted onto healing abutments using orthodontic resin and 

the abutments placed in the same quadrant for 7 days. 

 
Visualization of Biofilms and Image Analysis  

The samples were investigated using an inverted confocal 
laser-scanning microscope (CLSM) (Eclipse TE2000, Nikon 
Corporation, Tokyo, Japan). A custom-built device was de-
veloped for the mounting of the healing abutment in the mi-
croscope. Green fluorescence was provided by an Ar laser 
(488 nm laser excitation) and red fluorescence was given by 
a G-HeNe laser (543 nm laser excitation). CLSM images 
were acquired with an oil immersion objective (x60). Ten 
random image stacks containing optical sections of 2 m (z-
step) with a substratum coverage field area of 215 x 215 m 
were obtained from each biofilm. Images were recorded with 
Nikon NIS-Elements software and saved as ics/ids files. The 
ics/ids files were imported into ImageTrak

®
 software (P. K. 

Stys; http://www.ucalgary.ca/styslab/ imagetrak) and the 
number of red and green fluorescent pixels in each optical 
section analysed to allow calculation of the total biomass as 
well as the proportion of vital cells. Three-dimensional ren-
ditions of representative biofilms were performed using ICY 
software (Quantitative Image Analysis Unit at the Institut 
Pasteur; http://www.bioimageanalysis.org/). 

RESULTS  

In this study, biofilms were allowed to form on human 
enamel discs mounted on healing abutments in the oral cav-
ity of three patients. After removal, the biofilms were visual-
ized and image stacks obtained using a CLSM. The total 
biomass, calculated as the sum of green and red fluorescent 
pixels, revealed that the three subjects accumulated similar 
amounts of plaque over the seven-day test period. In subjects 
1 and 3, the total biomass on the enamel surface was 4.5 x 
10

6
 arbitrary units/mm

2
 and for subject 2, the total biomass 

was 6.5 x 10
6
 arbitrary units/mm

2
 enamel (Fig. 2). Represen-

tative 3-dimensional images created from z-stacks for each 
subject are shown in Fig. (2). Comparison of the biofilm 
height showed that the biofilm from subject 1 was the thin-
nest (28 m thick) while that from subject 3 was more than 3 
times as thick (96 m). The fact that these two biofilms 
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Fig. (2). Architecture of oral biofilms formed on enamel discs in situ in three subjects. Biofilms were allowed to develop on the enamel 

surfaces mounted on healing abutments in the oral cavity for 7 days. The abutments were then removed, stained with BacLight Live/Dead 

staining and visualised using CSLM.  

 
 Subject 1  Subject 2  Subject 3 

 

Fig. (3). Structure of the in situ biofilms. Biofilms were stained with BacLight Live/Dead stain and high magnification images taken to 

allow visualization of the microbial composition. The scale bar represents 10 m. 

 
contained the same biomass indicates that the biofilm from 
subject 3 contained more extracellular space than that from 
subject 1. Investigation of the overall vitality within the 
biofilms (estimated as the percentage of green pixels) 
showed that subjects 1 and 3 both had high levels of vital 
biomass (95 and 98% respectively) whereas this figure was 
somewhat lower in subject 2 (71%). 

Closer investigation of the architecture of the biofilms 
also revealed differences between the three subjects. In sub-

ject 1 the biofilm was dominated by spherical cells, most 

likely corresponding to streptococci (Fig. 3). In contrast, the 
biofilm from subject 3 was dominated by long, filamentous 

bacteria, while that from subject 2 had similarities to both 

those of subject 1 and subject 3, containing spherical cells 
that were apparently attached to larger rods. Taken together, 

the data indicate that the biofilm from subject 1 had a com-

pact structure with mainly spherical cells and low levels of 
extracellular space. In contrast, biofilms from subjects 2 and 

3 were thicker but with the same levels of bacterial biomass 

as subject 1, consistent with a more open architecture con-
taining sparsely distributed spherical cells and/or filamentous 

rods. 

To investigate vitality at different levels in the biofilms, 
the number of green and red pixels in each optical section in 
the z-stacks was plotted against biofilm level (Fig. 4). For all 
subjects, the highest biomass was found towards the middle 
of the biofilm and cell density then decreased towards the 
external aspects at the enamel and salivary interfaces. The 
vitality was always high (96-99%) in the area closest to the 
enamel interface but the distribution of dead/damaged cells 
differed between the subjects. Subject 3 had negligible levels 

of red cells, while in subject 1 the highest proportion of red 
staining was seen in the middle of the biofilm and in subject 
2 this was concentrated towards the middle and upper 
biofilm levels. 

To investigate the effects of antimicrobial agents, 
biofilms formed over seven days in subject 1 were subjected 
to rinsing in situ with 0.1% CHX or 0.2% NaF for 1 minute 
followed by rinsing with tap water. The number of green and 
red pixels in each optical section in the z-stacks was then 
plotted against biofilm level (Fig. 5). After treatment, the 
biomass of the biofilms was slightly reduced (0.82 x 10

6
 

arbitrary units/mm
2
 for CHX and 0.87 x 10

6
 arbitrary 

units/mm
2
 for NaF) compared to control. This suggests that 

the rinsing procedure removed the biofilms from the enamel 
surfaces to a small extent but that neither of the substances 
had a major removal effect. CHX and NaF both caused an 
overall reduction in vitality of the total biomass (from 95% 
in the control to 63%). After the CHX rinse, dead/damaged 
cells were seen throughout the biofilm and image analysis 
indicated that antimicrobial effect was the greatest at the 
cell/liquid interface of the fluid-filled channels running from 
top to bottom within the structure. Sodium fluoride however, 
appeared to penetrate and exert an effect in the middle to 
deeper levels of the biofilm. 

DISCUSSION 

The mean thickness of the biofilms formed on enamel 
discs mounted on healing abutments in vivo over seven days 
in the three subjects was found to vary from 28-96 m. 
These values are within a similar range to those found in two 
studies using enamel surfaces placed in splints, where 
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Fig. (4). Bacterial vitality as a function of biofilm depth. To allow assessment of the vitality of bacterial at different levels, z-plane sections 

were made through the biofilms at 2 m intervals and the number of green and red pixels in each section plotted against biofilm depth. 

 

 

Fig. (5). Effects of CHX and NaF on biofilm bacterial vitality. Biofilms were treated with (a) 0.1% CHX or (b) 0.2% NaF in situ for 1 

minute prior to staining with BacLight Live/Dead. Z-plane sections were made and used to generate sagital sections through the biofilms. To 

allow assessment of the vitality of bacterial at different levels, the number of green and red pixels in each section was plotted against biofilm 

depth. 

 
biofilm thickness in six individuals after 3 days was 6-45 m 
[9] or 15-31 m for three participants after 5 days [10]. A 
recent study using CLSM to observe oral biofilm formation 
in vivo, showed that plaque deposits formed at the gingival 
margins after 7 days also had a thickness ranging from a few 
to 50 m [11]. Taken together, these studies confirm that the 
biofilms found on enamel surfaces over seven days are mul-

tilayered structures, the thickness of which differs between 
individuals. Apart from the individual variety in thickness, 
the architecture and distribution of cells within the biofilms 
differed between subjects. In subjects 1 and 2, the bacterial 
biomass increased from the enamel surface to the central part 
of the biofilm and decreased again towards the salivary inter-
face. This is in agreement with the results of a study by Wat-
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son et al. [12] using the Leeds in situ device where the vol-
ume of sections occupied by biomass, as shown by staining 
with toluidine blue, gave a similar picture. Such a profile 
would suggest a more compact structure in the middle of the 
biofilm, compatible with, for instance, the presence of mush-
room-like structures. In subject 3 however no major varia-
tion in biomass relative to depth was seen.  

The vitality of the total biomass in the different subjects 
ranged from 70-98% suggesting that the handling of the 
biofilm samples ex vivo did not adversely affect cell survival 
and that dead and damaged cells make up a small proportion 
of the biofilms in vivo. In a previous investigation of ex vivo 
dental plaque samples, mean vitality was shown to range 
from 80-85% [13]. In this study, the vitality was always high 
(96-99%) in the deepest part of the biofilm closest to the 
enamel interface. This is in contrast to the results obtained 
by Auschill et al. [10] where the highest vitality was seen in 
the middle layers of the biofilm and the study of Netuschil et 
al. [9] where vital bacteria were found on top of a layer of 
dead/damaged cells. These differences are difficult to ex-
plain but could be attributable to the different models used, 
where the open surface used here may allow greater diffu-
sion into the biofilms than that which occurs in the splint 
model used in the previous studies.  

Currently, there is a lack of knowledge concerning indi-
vidual differences in the human oral microbiota. In this 
study, the composition of the microbiota appeared to vary 
considerably between individuals with one having mainly 
spherical cells, probably streptococci, one having mainly 
filamentous bacteria, most likely Actinomyces, and the third 
having a mixture of both cell types. These results are in ac-
cordance with observations of biofilms from patients using 
atomic force microscopy where the predominant bacterial 
forms were also identified as cocci and rods [14]. Both strep-
tococci and actinomycetes are known to be early colonizing 
species on human enamel surfaces in vivo [1]. Biofilms 
formed over 48 hours in situ on glass chips placed in splints, 
examined using 16S rRNA FISH and CLSM, have been 
found to be dominated by streptococci mixed with filamen-
tous bacteria [15], later identified as for example, Actinomy-
ces naeslundii [16].  

When the effect of a one-minute mouth-rinse with 0.2% 
NaF or 0.1% CHX on biofilms was investigated, the results 
showed that neither substance removed the biofilm signifi-
cantly. To our knowledge, no studies on the effects of fluo-
ride rinsing on disruption of established biofilms exist but 
our data are in agreement with a previous study where no 
effect of 0.1% CHX on biofilm biomass was seen [17,18]. It 
is well known that biofilm cells are less susceptible to antim-
icrobial agents than their planktonic counterparts [3]. In this 
study, a one-minute rinse with 0.1% CHX caused a decrease 
in overall vitality of the biomass from 95 to 63%. The sur-
vival rate was thus much greater than for planktonic cells, 
where no viable counts remained after 5 minutes of CHX 
exposure [19, 20]. Dead/damaged cells were seen throughout 
the biofilm, primarily at the periphery of cell clusters which 
is in line with a previous study where exposure of S. oralis, 
S. gordonii and A. naeslundii biofilms to 0.1% CHX also 
affected cells at the edge of clusters [18]. In compact multi-
layer biofilms, CHX exerted the most prominent effect in the 
superficial layers [17] suggesting that CHX does not pene-

trate well into dense biofilms. The more extensive effect 
seen here may thus be due to the more open architecture seen 
in our biofilms. It cannot however, be entirely ruled out that, 
besides penetration, the effect may be caused by the fact that 
cells in the centre of clusters have a different phenotype than 
those at the edges, making them less susceptible to antimi-
crobial agents [21].  

After rinsing with NaF, our results show that the relative 
distribution of dead/damaged cells was greater in the middle 
to lower levels of the biofilm, indicating good levels of pene-
tration. Penetration of NaF has been shown to be compara-
tively slow but in the presence of saliva, as is the case in our 
model, the concentration of fluoride in deeper biofilm layers 
is increased [12]. Bacterial cells are known to take up fluo-
ride, which inhibits a variety of enzymes including enolase 
as well as dissipating the proton gradient over the cell mem-
brane [22] leading to a reduction in acid production and acid 
tolerence. Since these metabolic effects may not lead directly 
to cell damage/death, the positive anti-caries effect of NaF 
may be underestimated in our study.  

In conclusion, we describe a model that allows the for-
mation of mature, undisturbed oral biofilms on human 
enamel surfaces in vivo to be combined with qualitative and 
quantitative ex vivo analyses using techniques such as fluo-
rescent staining and CLSM. Variations in the thickness, ar-
chitecture, composition and distribution of vital cells be-
tween subjects were found. Consistent for all subjects how-
ever was the high degree of vitality of cells, particularly in 
the area closest to the enamel interface. Both CHX and NaF 
caused similar reductions in overall vitality but while the 
effect of CHX was seen throughout the biofilm, NaF mainly 
affected cells in the middle to lower layers.  
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