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Biofilm on Dental Implants - An Overview
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INTRODUCTION

The colonization of the oral cavity by microbiota starts im-
mediately after birth and around 500 different species are 
found colonizing the oral cavity. Usually an individual can 
harbor around 150 different species in the oral cavity. Oral 
cavity is said to have wide array of species but not all cause 
disease. Normally there exists a balance between the host 
and the microbiota. The disease occurs when this harmony 
is disrupted. For a bacterium to flourish in dental biofilm 
they should be able to adhere to the tooth surface and should 
have potential to survive in anaerobic environment like gin-
gival sulcus and tooth crevice. These are usually referred 
to as plaque. It is defined “ as structured, resilient, yellow 
greyish substance that adheres tenaciously to the intraoral 
hard surfaces, including removable and fixed restorations.”1 
This microbial collaboration increases their pathogenicity 
besides they also withstand the host defences and antimicro-
bial agents.

Dental implant in recent years are becoming a trendy mate-
rial for tooth replacement because of their durability and bio-
compatibility. Exposure of the dental implants in oral cavity 
to wide array of species is the major cause for development 
of biofilm on dental implants. This can lead to early and/
or late implant failure. This article will review in detail the 
formation, composition, structure and treatment of biofilm 
on dental implant.
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ABSTRACT
Dental plaque may be described as structured resilient yellow, grayish substance adhering to the tooth surface. The mineralized 
dental plaque is referred to as dental calculus. Bacteria within the biofilm are usually in understanding with the host immune 
response, disease occurs when this harmony is disrupted. These biofilm bacteria contribute around 80% of the total bacterial 
infection. The important biofilm related infection in the oral cavity are dental caries and periodontitis. This article will enlighten 
your knowledge on history, structure, classification, formation, composition, diagnosis and therapy of dental biofilm.
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HISTORICAL PRESPECTIVE

The dental plaque biofilm was introduced someday around 
17th century by Anton Von Leeuwenhoek, from tooth scrap-
ings where he noticed a substantial number of microorgan-
isms. The term “biofilm” was coined by Bill Costerton in 
1978. Donlan and Costerton in 2002 explained biofilm as 
“a microbially derived sessile community characterized by 
cells that are irreversibly attached to a substratum or inter-
face or to each other, embedded in a matrix of extracellular 
polymeric substances that they have produced, and exhibit 
an altered phenotype with respect to growth rate and gene 
transcription.”2

NATURAL TEETH AND DENTAL IMPLANT:

Natural Teeth Dental Implants

The gingival margin follows 
the outline of the cementoe-
namel junction. 

The mucosal margin follows 
the contour of crestal bone or 
relates to the connective tissue 
adhesion to the adjacent teeth

Decreased interproximal 
probing depths.

Increased interproximal prob-
ing depths.

Interproximal papillae larger Interproximal papillae shorter 

Mobile within socket Immobile within socket
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ASSOCIATION BETWEEN TITANIUM  
AND DENTAL BIOFILM

Titanium dioxide layer, which protects it against corro-
sion, always coats titanium implant surfaces but at times, 
this layer might be disrupted leading to titanium corrosion. 
This titanium corrosion is shown to produce late bone loss. 
Fukushima et al. highlighted the role of Streptococcus mu-
tans in increasing the titanium corrosion. Besides, a study by 
Pozhitkov et al. showed the tendency of titanium corrosion 
products in altering the subgingival microbiome. Hence, it 
is always mandatory to use titanium oxide coated implant.

BIOFILM FORMATION ON DENTAL IMPLANTS

Biofilm on dental implants practically corresponds to that on 
teeth, with the same type of microorganism in both health 
and disease. The formation of biofilm on dental implants is 
a multidisciplinary process, which begins with the formation 
of salivary pellicle through a dynamic process via the se-
lective adsorption of the surrounding macromolecule. Then 
comes the initial attachment of bacteria, when the negatively 
charged bacterial cell wall and positively charged salivary 
pellicle comes in contact due to various indiscriminate 
movements. Following this secondary attachment occurs, 
where the bacterial biofilm thickness increase in size either 
due to accumulation of early colonizers or due to attachment 
of late colonizers. During this stage cell-cell interconnection 
known as coaggregation. Coaggregation initially was iden-
tified by Gibbons and Nygaard in 1970. They stated it as 
a biological relationship among genetically distinct species 
and it is also shown to ease the functional organization of 
biofilm.3 Finally comes the maturation, where the plaque at-
tains maximum stability.  

Studies proclaim that bacterial colonization on dental im-
plants and teeth are similar except that periimplant sulci ex-
hibit a less diverse microbial community.4  Healthy implant 
sites were found to have Streptococci, Capnocytophaga, 
Veillonellaparvula, Peptostreptococcus micros, and Fuso-
bacteriumnucleatum and also few periodontal species in-
cluding Porphyromonasgingivalis, Bacteriodesforsythus, 
Prevotella intermedia, Prevotellanigresence and Campylo-
bacter rectus on few sites.5 Pyrosequencing demonstrated 
increased number of Prevotella, Leptotrichia and higher 
levels of Actinomyces, Peptostreptoccocus, Campylobacter, 
non mutans Streptococci, Butyrivibrio, Streptococcus mu-
tans than healthy implants,6 besides failed implants retrieved 
from smokers showed enourmous amount of Aggregactibac-
teractinomycetemcomitans, Campylobacter rectus, Eikenel-
lacorrodens, Fusobacteriumnucleatum, Porphyromonas-

gingivalis, Prevotellaintermedia, Tanerella forsythia, and 
Treponema denticola with dark stains on their surface. 7

The microbiota of crowned and uncrowned implants is found 
to be similar other than the presence of elevated amount of 
Streptococcus oralis, Prevotella intermedia and Selemonas 
noxia.5 Assenza et al. hypothesized the cement retained and 
conical implant abutment connection are far superior than 
the screw retained implant abutment connections in with-
standing the bacterial penetration. 8

MICROBIOTA IN FULLY EDENTULOUS PATIENT

Emrani et al., stated that aggressive periodontitis patient 
who underwent complete extraction followed by prosthetic 
rehabilitation with dental implants had reestablishment of 
disease causing microbes within 6-7 months and then devel-
oped periimplatitis thereafter.9 Whereas the study done by 
Nakou et al. states that microorganism growth was depend-
ent on the periimplant niche rather than the past history of 
microorganism.10

STRUCTURE OF DENTAL IMPLANT BIOFILM

SEM analysis done after 12 hrs of implant placement (early 
colonizers) are shown to exhibit large amount of spindle 
shaped rods and short streptococcal strains suggesting Fuso-
bacteriumnucleatum and Streptococcal oralis, respectively. 
Whereas the mature biofilm exhibits increased thickness of 
bacterial layer.11

CSLM revealed increased amount of bacteria on crests and 
sides of implants whereas the implant thread embrasures are 
free of microbial community. Early biofilm images taken af-
ter 48-96 hours of incubation depicted blending of solitary 
microorganisms whereas the images of mature biofilm that 
where taken after 120 hours showed large amount of dead 
bacteria on its surface.11

IDEAL SURFACE CHARECTERISTICS OF  
DENTAL IMPLANT

Surface modifications are shown to impede the bacterial bio-
film development on dental implant surface. Other factors 
that influences the bacterial colonisation includes surface 
roughness, surface free energy, surface area and hydropho-
bicity. Ideal surface roughness of dental implants should be 
0.2µm, beyond this there is an increase in bacterial colonisa-
tion. Increased surface free energy and hydrophobicity are 
also shown to enhance biofilm formation.
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DIAGNOSIS OF INITIAL BACTERIAL  
COLONISATION

With advancing diagnosing aids, there still remains a hin-
drance in efficient detection of biofilm species. Microbio-
logical methods for detection of sample and biosensors at 
present seems to be the promising tool. Besides Surface En-
hanced Raman spectroscopy are also shown to detect Salmo-
nella, Listeria, E.coli, S.epidermidis, and Bacillus with high 
sensitivity using theranostic nanoparticles.

CONTEMPORARY  THERAPEUTIC  STRATEGY 
FOR DENTAL IMPLANT BIOFILM

Surface coatings of the dental implants is the emerging meth-
od of biofilm prevention. Most commonly used and widely 
accepted coatings are Nanohyroxyapatite coating (NonoTite 
BIOMET3i). Other coatings available includes anodized na-
notubular titanium alone12 or in combination with gold nano-
particles13, Zinc oxide nanoparticles14, plasma fibronectin15, 
Pac-52516, and antimicrobial peptide based coatings.17Besides 
many herboceutical based coatings like umbelliferon deriva-
tive18, totarol19 and Brazilian red propofolis20 are emerging 
and will make development of eco-friendly coatings in mere 
future.

Various options like bioacoustics therapy, antimicrobial 
photodynamic therapy, electromagnetic methods and ozone 
therapy are used to treat dental implant biofilm.21

DISCUSSION

Biofilm is a well-organized cooperative community of mi-
croorganisms and is defined as a matrix enclosed bacteri-
al population adherent to each other and/or to surfaces or 
interfaces.Biofilm associated implant failure is one of the 
most common cause. Exposure of the osseo-integrated im-
plant in the oral cavity leads to the formation of acquired 
pellicle through selective adsorption of environmental mac-
romolecules within 30 minutes of exposure. This acts as a 
substrate for bacterial colonization.The difference in biofilm 
formation on dental implants is mainly due to their surface 
characteristics, which is different from natural teeth.  The 
failing implant is characterized by a greater proportion of 
red (P.gingivalis, Treponema denticola, and T. forsythia) and 
orange (P.intermedia and Fusobacteriumnucleatum) com-
plex, as well as Aggregatibacteractinomycetemcomitans and 
Eikenellacorrodens.

Few factors are shown to enhance the biofilm formation on 
dental implants, for instance, previous history of periodon-
titis, increased surface roughness, surface free energy of 

dental implant and even the presence of titanium in the oral 
cavity itself can cause enhanced biofilm formation on im-
plant surface. A systematic review by Heitz-Mayfield LJ et 
al. demonstrated that the history of periodontitis represented 
an increased risk for implant failure, with a odds ratio rang-
ing between 3.1 and 4.7.22 Increased surface roughness has 
been associated with increased level of osseointegration, but 
a higher surface roughness (Ra) value > 0.2 µ is seen to be 
causing increased biofilm formation andthus, contributes to 
spontaneous progression of peri-implantitis lesions. Pres-
ence of titanium in the oral cavity is also known to cause 
peri-implantitis. Dental implants have a layer of titanium 
dioxide coating that is responsible for the biocompatibility 
of titanium implants; when this coating is disrupted, it leads 
to titanium corrosion. A recent case control study by Safioti 
et al. with peri-implantitis and healthy controls found 8-fold 
increase in titanium corrosion products in the plaque around 
implants with peri-implantitis compared with healthy ones.23 

Daubert et al. assessed the potential effects of titanium prod-
ucts on the periimplant microbiome using 16s rRNA analysis 
and the results demonstrated titanium dissolution products 
to act as a modifier of periimplant microbiome structure.24 
These data support the utilization of techniques that disrupt 
the titanium oxide surface to prevent biofilm formation.

FUTURE OF BIOFILM

Developed of therapeutic strategy targeting the bacterial 
communication system may decrease the development of an-
tibacterial resistance. Devising a non-invasive way of diag-
nosing the genetic cause of biofilm formation may pave way 
for development of efficient treatment strategies for dental 
implant biofilm. Innovations of implant materials along with 
advanced diagnosing approaches and treatment may prevent 
dental implant biofilm related infections.

CONCLUSION

Discovery of dental biofilm is a notable event in dentistry. 
Dental implant related biofilm is different from natural teeth 
in that the periimplant area have less diverse bacterial spe-
cies compared to periodontal biofilm. Titanium corrosive 
particles alone or by modulating the host response may also 
influence the microbial growth pattern. Taking these into 
considerations it is essential to develop a concise treatment 
planning, since the traditional mechanical and chemical ther-
apy done in periodontal pockets must be carefully carried out 
before initiating treatment. In spite of increasing knowledge 
on dental biofilm, diagnosis and treatment of biofilm contin-
ues to be a difficult therapeutic target.



Int J Cur Res Rev ��| Vol 15 • Issue 12 • June 202311

Vijayalakshmi et al.: An overview on biofilm on dental implants

ACKNOWLEDGEMENT

Authors acknowledge the immense help received from the 
scholars whosearticles are cited andincluded in references of 
this manuscript. The authors are also grateful to authors / 
editors / publishers of all those articles, journals and books 
from where the literature for this article has been reviewed 
and discussed.

Source of funding: Self

Conflict of Interest: No conflict of interest

Author’s Contribution:

1.	 Paarvathi Thenappan–Conceptualization, collection 
of data

2.	 R.Vijayalakshmi–Manuscript editing, review of litera-
ture

3.	 C.Burnice Nalina Kumari–Data analysis and format-
ting

4.	 Nikita Ravi–Data processing and editing
5.	 Surthi Senthil–Preparation of manuscript
6.	 Jaideep Mahendra–Manuscript review and editing

REFERENCES
1.	 Newman MG, Takei HH. Newman and Carranza ’ s Clinical 

Periodontology Thirteeth Edition; 2018.
2.	 Donlan RM. Biofilms: Microbial life on surfaces. Emerg Infect 

Dis. 2002;8(9):881–890.
3.	 Gibbons RJ, Nygaard M. Interbacterial aggregation of plaque 

bacteria. Arch Oral Biol. 1970;15(12):1397-1400.
4.	 Lee KH, Maiden MFJ, Tanner ACR, Weber HP. Microbiota 

of Successful Osseointegrated Dental Implants. J Periodontol. 
1999;70(2):131-138. doi:10.1902/jop.1999.70.2.131

5.	 Zheng H, Xu L, Wang Z, Lianshuo Li, Zhang J, Zhang Q et 
al. Subgingival microbiome in patients with healthy and ailing 
dental implants. Sci Rep. 2015;5:10948.doi:10.1038/srep10948

6.	 Kumar PS, Mason MR, Brooker MR, O’Brien K. Pyrosequenc-
ing reveals unique microbial signatures associated with healthy 
and failing dental implants. J Clin Periodontol. 2012 May; 
39(5):425-33.doi: 10.1111/j.1600-051X.2012.01856.x.

7.	 Franco JE. Avaliação da terapia fotodinâmica nos tecidos peri-
implantares durante a osseointegração (Doctoral dissertation, 
Universidade de São Paulo); 2010.

8.	 Assenza B, Tripodi D, Scarano A, Perrotti V, Piattelli A, Iezzi 
G,et al. Bacterial leakage in implants with different implant–
abutment connections: An in vitro study. J Periodontol. 2012 
Apr;83(4):491-7.

9.	 Emrani J, Chee W, Slots J. Bacterial colonization of oral im-
plants from non-dental sources. Clin Implant Dent Relat Res. 
2009;11(2):106-112. doi:10.1111/j.1708-8208.2008.00101.x

10.	 Nakou M, Mikx FHM, Oosterwaal PJM, Kruijsen J. Early Mi-
crobial Colonization of Permucosal Implants in Edentulous Pa-
tients. J Dent Res. 1987;66(11):1654-1657. doi:10.1177/002203
45870660111001

11.	 Herrera D, Bermejo P, Sánchez MD, Figuero E, Sanz M. Bio-
films around dental implants. Bone Augmentation by Ana-
tomical Region: Techniques and Decision‐Making. 2020 May 
15:487-504.

12.	 Ercan B, Kummer KM, Tarquinio KM, Webster TJ. Decreased 
Staphylococcus aureus biofilm growth on anodized nanotubular 
titanium and the effect of electrical stimulation. Acta Biomater. 
2011;7(7):3003-3012. doi:10.1016/j.actbio.2011.04.002

13.	 Zheng X, Sun J, Li W, Dong B, Song Y, Xu W, et al. Engineer-
ing nanotubular titania with gold nanoparticles for antibiofilm 
enhancement and soft tissue healing promotion. Journal of Elec-
troanalytical Chemistry. 2020 Aug 15;871:114362.

14.	 Abdulkareem EH, Memarzadeh K, Allaker RP, Huang J, Pratten 
J, Spratt D. Anti-biofilm activity of zinc oxide and hydroxyapa-
tite nanoparticles as dental implant coating materials. J Dent. 
2015;43(12):1462-1469. doi:10.1016/j.jdent.2015.10.010

15.	 Badihi Hauslich L, Sela MN, Steinberg D, Rosen G, Kohavi 
D. The adhesion of oral bacteria to modified titanium sur-
faces: Role of plasma proteins and electrostatic forces. Clin 
Oral Implants Res. 2013;24(A100):49-56. doi:10.1111/j.1600-
0501.2011.02364.x

16.	 Li JY, Wang XJ, Wang LN, Ying XX, Ren X, Liu HY, et al. High 
in-vitro antibacterial activity of Pac-525 against Porphyromonas 
gingivalis biofilms cultured on titanium. BioMed Research In-
ternational. 2015 Jan 29;2015.

17.	 Bruellhoff K, Fiedler J, Möller M, Groll J, Brenner RE. Sur-
face coating strategies to prevent biofilm formation on im-
plant surfaces. Int J Artif Organs. 2010;33(9):646-653. 
doi:10.1177/039139881003300910

18.	 Amin A, Hanif M, Abbas K, Ramzan M, Rasheed A, Zaman A, 
et al. Studies on effects of umbelliferon derivatives against peri-
odontal bacteria; antibiofilm, inhibition of quorum sensing and 
molecular docking analysis. Microbial pathogenesis. 2020 Jul 
1;144:104184.

19.	 Xu Z, Krajewski S, Weindl T, Loeffler R, Li P, Han X, et al. Ap-
plication of totarol as natural antibacterial coating on dental im-
plants for prevention of peri-implantitis. Mater Sci Eng C Mater 
Biol Appl. 2020 May 1;110:110701.

20.	 Martorano-fernandes L, Cavalcanti YW, Fátima L De, Almeida 
D De.“ Inhibitory effect of Brazilian red propolis on Candida 
biofilms developed on titanium surfaces .” BMC Complement 
Med Ther. 2020 Apr 3;20(1):104.   doi: 10.1186/s12906-020-
02893-9

21.	 Khatoon Z, Mctiernan CD, Suuronen EJ, Mah T. Bacterial bio 
film formation on implantable devices and approaches to its 
treatment and prevention. Heliyon.2018;(December):e01067. 
doi:10.1016/j.heliyon.2018.e01067

22.	 Heitz-Mayfield LJA, Salvi GE, Botticelli D, Mombelli A, Faddy 
M, Lang NP;  Implant Complication Research Group. Anti-in-
fective treatment of periimplant mucositis: A randomized con-
trolled clinical trial. Clin Oral Implants Res 2011; 22(3):237-
241.

23.	 Safioti LM, Kotsakis GA, Pozhitkov AE, Chung WO, Daubert 
DM. Increased levels of dissolved titanium are associated with 
peri-implantitis - a cross-sectional study. J Periodontol 2017; 
88(5):436-442.

24.	 Daubert D, Pozhitkov A, McLean J, Kotsakis G. Titanium as a 
modifier of the periimplant microbiome structure. Clin Implant 
Dent Relat Res 2018; 20(6):945-953.


