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Dental implant treatment plays an important role in todays medical care. However, this 

therapy is not without risks. Approximately 10% of the patients who underwent dental 

implant treatment develop a peri-implantitis. This is a biofilm-associated infection that leads 

to irreversible inflammation of the peri-implant tissues, bone loss and finally to implant 

failure. Biofilm-inhibiting implant surfaces are a promising approach to prevent these 

infections. However, an appropriate test system for the evaluation of the antibacterial 

potency of target materials is missing. Since peri-implantitis is not caused by individual 

bacterial species but rather by a bacterial consortium, the aim of this study was the 

development of an oral in vitro multispecies-biofilm model composed of four highly relevant 

bacterial species. 

Methods 

The four bacterial species Streptococcus oralis (ATCC 9811), Actinomyces naeslundii (DSM 

43013), Veillonella dispar (DSM 20735) and Porphyromonas gingivalis (DSM 20709) were 

cultivated overnight under anaerobic conditions in rich medium. Co-cultivation was carried 

out on the next days, for 24h and 48h in 96-well glass bottom microplates. An optical density 

of 0.01 was chosen for the individual starter cultures. The biofilm volume and the live/dead 

ratio were calculated from image stacks acquired by confocal laser scanning microscopy 

(CLSM, Leica TCS SP8) using the software Developer XD (Definiens). Furthermore, the 

percentage composition of the four individual species within the biofilm was analysed by 

qRT-PCR. The reproducibility of the biofilm model was investigated in three independent 

approaches, including three technical replicates. 

Results 

The in vitro multispecies-biofilm model, composed of the four bacterial species 

Streptococcus oralis, Actinomyces naeslundii, Veillonella dispar and Porphyromonas 

gingivalis, has been established successfully in 96-well glass bottom microplates over a 

period of up to 48h. The CLSM results confirmed a reproducible microbial attachment to the 

glass surfaces with respect to the morphology, the volume, the overall live/dead ratio and 

the microbial composition of the biofilm. 

 

Conclusion  

We could demonstrate that the cultivation of a defined multispecies biofilm over a period of 

at least 48h is possible. The results show that this four-species biofilm model, due to its 

stable and reproducible species composition, can potentially be used for the investigation of 

putative antimicrobial surfaces, compounds or solutions. Future experiments aim at 

developing the existing model further towards a pathogenic multispecies-biofilm model by 

e.g. adapting culture conditions and/or the addition of further bacterial species. 


