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Analysis of Bifidobacterium dentium and 

Fusobacterium nucleatum biofilm formation on 

different substrates by confocal laser scanning 

microscopy

ABSTRACT

Objective: This study aimed to evaluate the influ-

ence of  different substrates (bovine dentin blocks and 

glass blocks) on biofilm development of  F. nucleatum 

and B. dentium by confocal laser scanning microscopy 

(CLSM). Methods: A 24-well culture plate were used to 

induce biofilm on substrates with a strain of  F. nucleatum 

ATCC 25586 and a strain of  B. dentium ATCC 27534 dur-

ing seven days. After the growth induction period, speci-

mens were stained with the Live/Dead technique and 

analyzed by CLSM. Results obtained by CLSM were ana-

lyzed by the bioImage_L software. Results: All results 

were analyzed by a nonparametric test (p < 0.05). Bio-

film formation occurred in all experimental groups. The 

total biovolume and the percentage of  viable bacteria in 

biofilm of  B. dentium on dentin and glass blocks did not 

show any statistic difference. Biovolume of  viable bacte-

ria did not show any difference between the substrates in 

biofilm of  F. nucleatum on dentin and glass blocks. The 

total biovolume showed better results in biofilm formed on 

dentin blocks. B. dentium and F. nucleatum are capable 

of  forming biofilm in all studied substrates. Conclu-

sion: In the adopted methodology, the type of  substrate 

influences the characteristics of  the produced biofilm. 

Dentin blocks are more adequate to form biofilm of  the 

microorganisms studied.
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Introduction

Microorganisms and their metabolic derivatives 

are the main etiologic factors of  pulpal and periap-

ical diseases.1 Bifidobacterium is a genus of  anaer-

obic gram-positive bacilli found in dental tubules of  

necrotic pulps2 and it is also found as reminiscent 

microbiota after root canal treatment.3 Fusobacter-

ium is a genus of  anaerobic fusiform gram-negative 

bacilli detected in 48% of  microbiological cultures 

of  infected teeth4 and in 100% of  root canals with 

primary lesion by molecular methods.5 In infected 

root canals, bacteria are frequently found forming 

thick multi layer structures known as biofilms.1,6 Bio-

films are microbial communities attached to biotic 

or abiotic wet surfaces and they are involved by a 

matrix of  polysaccharides.7 The ability to form bio-

film represents a common mechanism for the surviv-

al and virulence factor7 of  bacteria. Biofilm forma-

tion includes various stages, e.g., bacterial adhesion, 

microcolony formation and bacterial growth. The 

substrate surface determinates film composition and 

bacterial adhesion.8

Several microorganisms have the ability to 

adhere, colonize and form biofilm over dentin sur-

faces in root canals.9,10 Various studies have evaluat-

ed biofilm development by confocal laser scanning 

microscopy (CLSM), analyzing multi-sessions of  

biofilm in different focal planes, with ease of  prepar-

ation and based on sample observation.11 Addition-

ally, the efficiency of  different irrigating solutions 

adopted in Dentistry has been proven using biofilm 

models induced over bovine dentin.12,13 The use of  

staining that reveals viable and nonviable cells in 

biofilm, such as the Live/Dead technique, and the 

possibility of  using software to analyze images ob-

tained by CLSM, make this technique greatly applic-

able in studies on biofilm in Dentistry.13,14,15

This study aimed to evaluate the influence of  

different substrates (bovine dentin blocks and glass 

blocks) on the development of  biofilm of  F. nuclea-

tum and B. dentium by means of  CLSM.

Methods

Substrate preparation

Dentin blocks were obtained from bovine central 

incisors. After dental crown removal, small blocks 

measuring 4 mm x 4 mm x 2 mm were manufac-

tured with a diamond blade (Isomet, Buehler, Lake 

Bluff, IL, USA) under copious irrigation. The dentin 

segments were treated with 1% sodium hypochlor-

ite for 30 minutes and 17% EDTA for 5 minutes to 

eliminate organic residues and the potential pres-

ence of  smear layer. After having their surfaces 

marked with a pencil, the dentin blocks were put in 

tubes filled with distilled water and autoclaved at 

121 °C for 20 minutes. 

Glass fragments were cut in 4 mm x 4 mm x 2 

mm blocks and had their surfaces marked with nail 

polish. They were also autoclaved. 

 

Biofilm formation 

For biofilm formation, a strain of  Fusobacterium 

nucleatum subsp. nucleatum (ATCCTM 25586™) and a 

strain of  Bifidobacterium dentium (ATCCTM 27534™) 

were used. They were reactivated in liquid culture 

of  pre-reduced Reinforced Clostridial Medium 

(RCM, Difco, USA), supplemented with hemin (5 

µg/mL) and menadione (0.5 µg/mL), using Whit-

ley A35 anaerobic workstation (Dom Whitley Sci-

entific, Shipley, West Yorkshire, England) with an 

atmosphere of  80% N2, 10% H
2
 and 10% CO

2
 at 

37 °C for 24 hours. The purity of  strains was con-

firmed by Gram staining.

Inoculum standardization of  strains was carried 

out with a spectrophotometer, resulting in a cell 

density of  3 x 108 colony-forming mL-1 units.

The substrates were placed in a 24-well culture 

plate to induce biofilm. Six dentin blocks and six 

glass blocks were used. Each block was placed in a 

well and each well was filled with 1 ml of  standard-

ized inoculum of  each bacterium strain. The plate 

was placed in an anaerobic workstation for seven 

days, without renewal of  the medium.

Biofilm analysis by confocal microscopy

After biofilm induction period, the substrates were 

washed with phosphate buffered saline (PBS) to re-

move residual culture media and non adherent cells. 

Subsequently, specimens were placed in Petri dishes 

and biofilm was stained with 50 µL of  Live/Dead 

(Kit BacLight Bacterial Viability L7012, Molecular 

Probes, Eugene, OR, USA). After staining, the Petri 
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dishes were sealed and wrapped in aluminum foil, 

so as to have stains diffused in the specimens, with-

out light, at 37 °C for 20 minutes, according to the 

manufacturer’s specifications. 

The Live/Dead BacLight kit, which stains viable 

cells in green and cells with compromised mem-

brane in red, was prepared immediately before use. 

During all procedures, the kit was protected from 

light and heat. Each sample was individually pro-

cessed and analyzed.

All specimens were analyzed by confocal laser 

scanning microscopy (Leica TCS-SPE, Leica Micro-

systems GmbH, Mannheim, Germany) under 40X 

magnification. For each bacterial strain, six speci-

mens were photographed, and from each speci-

men, four photographs were obtained: a total of  20 

photographs were taken per biofilm. These images 

were captured by Leica Application Suite-Advanced 

Fluorescence software (LAS AF, Leica Micro-

systems, Mannheim, Germany).

Images were processed by bioImage_L software 

in order to analyze the structure of  biofilm grown on 

dentin blocks, according to Chávez de Paz.14

Nonparametric Kruskal-Wallis test was used to 

analyze the groups tested, with a significance level 

of  5%.

Results

Confocal analysis

For both strains, analysis of  the tested substrates 

showed adhesion and biofilm formation. Figure 1 

discloses images of  the formed biofilm on different 

substrates after seven days. 

After the incubation period for biofilm forma-

tion, the highest volume of  F. nucleatum biofilm was 

observed on dentin blocks, with statistical dif fer-

ence compared to the glass block. For the B. den-

tium strain, both substrates showed similar biofilm 

formation. For both strains, biofilm formation was 

similar on dentin blocks. Regarding the glass bock, 

biofilm formation showed to be statistically dif fer-

ent, being a better substrate for B. dentium than for 

F. nucleatum (Fig 2).

When comparing the percentage of  viable cells 

(stained in green), the results showed similarities on 

both tested substrates and on both strains.

Discussion

This study aimed to evaluate biofilm formation 

of  a single species of  Bifidobacterium dentium and 

Fusobacterium nucleatum in different substrates with 

a view to understanding biofilm structure better and 

determining the best substrate for its growth. In vitro 

biofilm development allows evaluation of  anti-

microbial activity of  endodontic sealers, irrigation 

solutions and intracanal medication.16 It also con-

tributes to acquire greater knowledge of  its mode of  

action and helps finding solutions for its elimination, 

since bacterial biofilm presents better resistance 

than bacteria in its planktonic form.6

Guerreiro-Tanomaru et al19 evaluated Entero-

coccus faecalis biofilm formation in bovine dentin, 

gutta-percha, hydroxyapatite and bovine bone sub-

strates. The best tested substrate was hydroxyapa-

tite; however, E. faecalis was able to proliferate in all 

substrates. 

To develop in vitro biofilm, different types of  

substrate have been used: human dentin, bovine 

dentin, hydroxyapatite, gutta-percha and cellulose 

membrane.17,18,19 Ideally, these studies must simu-

late in vivo conditions. Therefore, for studies related 

to root canal systems, the ideal substrate is human 

dentin.19 However, as it is easily found and resembles 

human teeth, bovine dentin has been often used as 

substrate.12

Glass surfaces have also been used in in vitro 

studies on biofilm formation.20 Glass blocks were 

chosen because they are easily found and do not 

need Ethics Committee approval; therefore, it could 

be an alternative to prepare biofilm.

The results obtained by means of  CLSM analy-

sis showed that biofilm formation on bovine dentin 

was similar in both tested strains. When compared 

to formation on glass blocks, for F. nucleatum, den-

tin showed to be superior with a statistical differ-

ence, whereas for B. dentium, it showed to be similar. 

Therefore, glass blocks showed to be a better sub-

strate for B. dentium than for F. nucleatum biofilm for-

mation, in which it presented statistical difference. 

When related to cell viability, all substrates were 

similar in both strains.

Analysis with confocal laser scanning micros-

copy produces images with the aid of  fluorescent 
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Figure 1. Bioilm formed on dentin and 

glass blocks: A) dentin, B. dentium; B) glass, 

B. dentium; C) dentin, F. nucleatum; D) glass, 

F. nucleatum (40x magniication).

Figure 2. Chart representing thickness of bio-

ilm formed on different substrates for the tested 

strains within seven days. Capital letters stand 

for statistical difference for Fusobacterium 

nucleatum (FN) in different substrates. Lower-

case letters stand for similarity in bioilm forma-

tion of Biidobacterium dentium (BD) in different 

substrates. Brackets represent statistical differ-

ence for bioilm formation in the same substrate 

of different strains.
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Table 1. Median of viability and biovolume percentage (in µm3) of bioilm formed in different substrates.

Strains Substrates Viable (%) Biovolume µm3

F. nucleatum
dentin 65.51 90.790

glass 66.65 12.070

B. dentium
dentin 72.69 90.480

glass 68.17 59.270

markers which detect the viability or nonviability of  

bacteria responsible for biofilm formation. Relevant 

information were acquired through image analysis 

with bioImage_L software: total biofilm volume, 

volume of  alive (green) and dead (red) bacteria, 

thickness and the percentage cover of  biofilm on 

the substrate.14

The genus Bifidobacterium has been extensively 

researched in the food area because of  its benefi-

cial effect as a probiotic bacterium in the intestine. 

However, B. dentium was reported as pathogenic 

when related to the dental cavity,21 especially by pro-

ducing and tolerating a highly acid environment.22 

B. dentium is a gram-positive anaerobic bacteria also 

found in root canals and dentinal tubules in teeth 

with necrotic pulps,2,3 being part of  the remaining 

microbiota of  root canal after treatment.

Gram-positive bacilli are part of  an important 

segment of  endodontic microbiota, even after root 

canal filling.23 Bifidobacterium, found in root canals 

and dentinal tubules in teeth with necrotic pulps, 

can be considered important in the transition of  

microbiota from dental cavities to pulp necrosis. 

Therefore, its resistance and pathogenicity should 

receive more attention and should be studied more 

extensively. Nevertheless, only a few species of  this 

Figure 3. Chart representing the percentage 

of viable bacteria present in bioilm formed in 

different substrates for both strains.
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group of  organisms have been recognized to be dir-

ectly related to apical periodontitis.24

Fusobacterium nucleatum is a genus of  gram-nega-

tive bacteria, strictly anaerobic, non-motile and non-

spore-forming species, which is normally isolated 

from the oral cavity. Although there are up to seven 

known Fusobacterium species, F. nucleatum is one of  

the most common species isolated from human in-

fections.25 From the predominant species found in 

root canals, F. nucleatum has an elevated capacity to 

co-aggregate in vitro with many oral bacteria.26

Biofilm development and adhesion do not occur 

in the same way in different substrates. The sub-

strate surface and the characteristics of  the cell 

membrane can influence the adhesive properties of  

species. Similarly, availability or lack of  nutrients in 

the media can influence its development.

The present study allows us to claim that glass 

blocks can be used as substitutes for bovine dentin 

in studies that aim to evaluate the antibiofilm activ-

ity of  any material related to B. dentium. However, 

for F. nucleatum, bovine dentin is the best substrate 

to use in antimicrobial studies.

Within the methodology adopted, it is reason-

able to claim that the type of  substrate influences 

the characteristics of  the biofilm formed, being the 

substrate of  dentin blocks the most appropriate for 

biofilm formation of  the used microorganisms. 
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