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a b s t r a c t 

AIM: To describe the in vitro bacterial adhesion protocol of Streptococcus mutans and Lactobacillus c asei on 

dental surfaces for a qualitative approach by Scanning Electron Microscopy (SEM) observations. A control and 

Amelogenesis Imperfecta (AI) affected teeth were used to validate the protocol. 

METHOD DETAILS: Eight teeth were collected and fixed in 10% formalin during 10 days. Crowns were fragmented 

into 4 parts and kept in the freshly prepared artificial saliva. For the preparation of bacterial suspensions, bacterial 

strains ( S. mutans and L. casei ) were incubated in a freshly prepared culture medium. After two successive 

cultures at 37 °C and 3 rinces, bacterial suspensions were prepared in artificial saliva and adjusted to correspond 

to 10 8 CFU ml −1 . Bacterial adhesion was carried out by sedimentation. Dental fragments were immersed in 

bacterial suspensions and rinsed with PBS to remove non adherent bacteria. Adherent bacteria were fixed with 

glutaraldehyde. Finally, teeth samples were dehydrated, coated, dried and observed using high-resolution SEM 

(JEOL, JSM-5400). 

RESULTS: SEM observations showed adherence of spheric stuctures, identified as S. mutans and bacilic structures 

identified as L. casei . 

CONCLUSION: Adhesion of bacteria could be observed by SEM and depends on the quality of dental mineralized 

tissues. 
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Specifications table 

Subject area: Dentistry/ Microscopy/ Microbiology 

More specific subject area: Bacterial adhesion 

Method name: Bacterial adhesion to dental tissues analysed by scanning electron 

microscopy 

Name and reference of original method: R. Kammoun, T. Zmantar, A. Labidi, I. Abbes, L. Mansour, S. Ghoul, Dental 

Caries And Hypoplastic Amelogenesis Imperfecta: Clinical, Structural, 

Biochemical And Molecular Approaches, Microb.Pathog, 135 (2019) 103615 

Ressource availability: https://www.sigmaaldrich.com/catalog/product/sial/g5882?lang=en&region= 

TN&gclid=CjwKCAjw5Kv7BRBSEiwAXGDElcUpbBJK8XElroB2FxDc _ Da1 _ 

QNSpkzSP9qg2GT6HBZhGySs4xgY2BoCPPoQAvD _ BwE . 

Introduction 

Bacterial adhesion is a situation where bacteria adhere firmly to a surface by complete 

physicochemical interactions between them [1] . Several steps have been described during the bacterial 

adhesion as the formation of biofilm and bacterial plaque [2 , 3] . However, the accurate descriptions of

bacterial adhesion were mainly detailed either quantitatively or qualitatively [4] . 

Quantitatively, the bacteria colonies adhering to a dental surfaces could be evaluated by different

approaches such as counting bacteria elaborated manually or using automatic tools [5] . Concerning

the qualitative approaches, a number of microscopy techniques have been used for a deeper

understanding about bacterial adhesion [6] . Scanning Electron Microscopy (SEM) is a gold standard

to observe and to identify the morphology of bacteria and to describe the density of their adhesion

to dental surfaces [7] . 

This technique allows access to a nanometer resolution and characterize the state and shape of

bacteria following their adhesion to the surface of teeth [8] . 

Several studies have described natural and spontaneous bacterial adhesion to dental surfaces [9 , 10] .

In the study proposed by Kammoun et al. (2019) [11] , a qualitative in vitro approach describes the

bacterial adhesion protocol to dental surfaces. 

Tooth surfaces are mineralized dental tissues. Some pathologies such as Amelogenesis Imperfecta 

(AI) are characterized by an alteration of these mineralized tissues. Among the bacteria which adhere

the most to these dental surfaces, Streptococcus mutans and Lactobacillus casei are specially described 

during the initiation of a carious process. They are also easily identifiable by the SEM technique due

to their specific morphology respectively spherical or bacilic [12] . 

The aim of this study was to describe the in vitro bacterial adhesion protocol of S. mutans and L.

casei on dental surfaces for a qualitative approach by Scanning Electron Microscopy observations. A 

control and AI affected teeth were used to validate the protocol. 

Method details 

Sample collection 

Eight teeth were collected from patients attending the Dental Clinic of Monastir (Tunisia). Four 

molars free of caries or structural abnormalities, extracted for orthodontic reasons were used as 

control. Four others molars were collected from Hypoplastic AI patients for prosthetic reasons. All 

the teeth were fixed in 10% formalin during 10 days. 

Dental samples preparation 

After cleaning the teeth, only crowns were used in this study. Crowns were sectioned in the mesio-

distal and vestibulo-lingual directions using an abrasive disk mounted on a low-speed handpiece. 

Therefore, each crown was fragmented into 4 parts, obtaining a total of thirty-two dental fragments.

Dental fragments were kept in the freshly prepared artificial saliva which composition was (CaCl 2 ,

0.44 g l − 1 ; NaCl, 6 g l − 1; K 2 HPO 4 , 0.35 g l − 1 at pH:7.4). 

https://www.sigmaaldrich.com/catalog/product/sial/g5882?lang=en&region=TN&gclid=CjwKCAjw5Kv7BRBSEiwAXGDElcUpbBJK8XElroB2FxDc_Da1_QNSpkzSP9qg2GT6HBZhGySs4xgY2BoCPPoQAvD_BwE
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acterial suspensions preparation 

Streptococcus mutans and Lactobacillus casei previously isolated from Tunisian children mouth with

ental caries [13] and identified by conventional and molecular methods were used in this study.

. mutans were isolated on supplemented agar with 5% sheep blood (Biorad, France). L. casei were

solated on Man Rogosa Sharpe agar (MRS) (Biorad, France). 

The bacterial strains were respectively incubated in a freshly prepared culture medium, the Brain

eart Infusion broth (BHI) for S. mutans and the Man Rogosa Sharpe broth (MRS) (Biorad, France)

or L. casei . After two successive cultures at 37 °C, cells were rinsed 3 times with a solution of NaCl

8.7 gl −1 ) by centrifugation for 15 min at 70 0 0 g and 4 °C to remove residues of culture medium.

hen, bacterial suspensions were prepared in artificial saliva and adjusted to an optical density ranged

etween 0.7 and 0.8 at 405 nm corresponding to 10 8 CFU ml −1 . 

acterial adhesion protocol 

Bacterial adhesion was carried out by sedimentation. The steps of this experiment are described

s follows ( Fig. 1 ) : 

mmersion of dental fragments in bacterial suspensions 

For this step, a 24 wells plate was used. In each well, dental fragments were oriented to expose

he enamel surface to the outside ( Fig. 1 -A). Using a pipette, 10 ml of the bacterial suspensions (OD

05 = 0.8) were taken and added on the side of the well ( Fig. 1 -B). Afterwards, bacterial suspension

ere homogenized by gentle agitation of the plate. Using aluminum paper, the plate was covered.

inally, an incubation for 3 h at 37 °C at obscurity was performed for bacterial adhesion ( Fig. 1 -C). 

insing with PBS to remove non adherent bacteria 

Bacterial suspensions were removed with a pipette. After that, 10 ml of PBS was slowly pour on

he side and the plate was gently shaked. Few seconds later, the PBS was aspired. These steps were

epeated 3 times ( Fig. 1 -D). 

ixation with glutaraldehyde 

Fixation of the adherent bacteria requires the use of diluted glutaraldehyde (2.5%). One ml of 25%

lutaraldehyde solution (Sigma-Aldrich) was mixed with 9 ml of PBS. The mixture was pour into

he plate. This volume was devoted to cover the dental fragments with the adherent bacteria. Then,

lates were covered with aluminum paper and placed into the refrigerator for 4 h to fix bacteria that

dhered to dental surfaces ( Fig. 1 -E). In a second time, three rinsings with PBS for 5 min were carried

ut at the same conditions already described. Finally, samples were conserved in the PBS until the

ext step. 

bservation under scanning electron microscopy 

Teeth samples were dehydrated in ethanol solutions of increasing gradients (50%, 70%, 80%, 90%

nd 100%). Each bath required 5 min ( Fig. 1 -F). Samples were conserved in ethanol 100% at 4 °C
ntel be used ( Fig. 1 -G). These samples were sputter-coated with gold using a JEOL (JFC-1100E) coater

 Fig. 1 -H) and then dried under vaccum and observed using high-resolution SEM (JEOL, JSM-5400) at

0 0 0X and 10 0 0 0X magnifications. 

esults and discussion 

SEM observations showed adherence of spheric stuctures, identified as Streptococcus mutans on

he enamel surface of the control teeth ( Fig. 2 -A). Few S. mutans were comparatively noticed on the

tudied group of AI teeth ( Fig. 2 -B). Concerning Lactobacillus casei , few bacilic structures were noticed

n the enamel surface of control teeth ( Fig. 2 -C) compared to that of AI teeth where several adherent

. casei were observed ( Fig. 2 -D). 
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Fig. 1. Schematic presentation of bacterial adhesion protocol. 

A: Dental fragments were put in 24 wells plate 

B: Ten milliliters of bacterial suspension in artificial saliva (OD405 = 0.8) were dropped on dental fragments 

C: Incubation for 3 h at 37 °C 
D: Dental fragments were gently rinsed with PBS three times to remove non adherent bacteria 

E: Adherent bacteria were fixed with glutaraldehyde (2.5%) on dental surfaces for 4 h at 4 °C and dental fragments were washed 

3 times with PBS 

F: The adherent bacteria were dehydrated in gradient ethanol concentration on (70%, 80%, 90% and 100%) 

G: Dental samples were conserved in 100% ethanol at obscurity before SEM observation at 4 °C 
H: The dental samples were mounted onto an aluminum stub with carbon tape, sputter coated with gold before examination 

in SEM. 
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Fig. 2. SEM observations of bacterial adhesion on dental hard tissues. 

A: Adhesion of Streptococcus mutans (white arrows) on control dental fragments 

B: Adhesion of Streptococcus mutans (white arrow) on AI dental fragments 

C: Adhesion of Lactobacillus casei (black arrows) on control dental surfaces 

D: Adhesion of Lactobacillus casei (black arrows) on dental surfaces with AI. 
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Amelogenesis Imperfecta (AI) as a genetic disorder has been shown to affect all the mineralized

issues in the teeth [14 , 15] . The quality of the mineralized tissues seems to determine the adhesion of

he bacteria. 
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