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ABSTRACT 
 

 

Background 

Peri-implantitis is a chronic, marginal and progressive 

infection of soft and hard tissue that surrounds dental 

implants, which results in the loss of the supporting bone, 

caused by similar microbes as adult periodontitis. 

Staphylococcus aureus and Candida albicans are 

microorganisms that are not primarily associated with 

periodontitis, but certain studies identified them in peri-

implant pockets. 

 

Aims 

The current review aimed to assess the role of Candida 

species in peri-implant diseases. 

 

Methods  

This review has been carried out in accordance with the 

question: “What is the role of Candida albicans in peri-

implant diseases?”. To answer this, a bibliographic search 

was carried out using PubMed, Scopus and Medline and it 

was limited to works published during 2009-2019. 

 

Results  

Candida albicans appears to play an important role in the 

formation and stabilization of biofilm on the titanium 

surfaces and in the implant itself, which subsequently 

allows the growth of periodontal pathogenic bacteria 

involved in the development of inflammatory response 

resulting in the loss of bone supporting the dental implant. 

 

Conclusion 

Further research is needed to shed more light on the 

pathophysiology of peri-implant inflammation and to find 

more effective ways to treat it. 

 

Key Words 

Peri-implantitis, periodontitis, biofilm, microorganisms, 

Candida albicans 

 

What this study adds:  

1. What is known about this subject?  

The entry of microorganisms that are commonly resident in 

the oral cavity into the implant microgap might promote the 

formation of a biofilm in the implant itself. The biofilm acts 

as a reservoir of microorganisms that may lead to implant 

failures.  

 

2. What new information is offered in this study? 

Candida albicans appears to play an important role in the 

formation and stabilization of biofilm on the titanium 

surfaces and in the implant itself, resulting in the loss of 

bone supporting the dental implant.  
 

3. What are the implications for research, policy, or 

practice?  

There is a need for further research to shed more light on 

the pathophysiology of peri-implant inflammation and to 

find more effective ways to treat it. 
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Background 

Dental implantology is a part of oral surgery, which is widely 

used to replace missing teeth. In the 21st century, 

improvements in surgical protocol, design and surface made 

this kind of dental therapy highly secure and predictable 

with a mean survival rate of 94.6 per cent and a mean 

success rate of 89.7 per cent during follow-up in the period 

of 10 years.1 The failure of implant therapy can be a result of 

biological or mechanical issue. Chronological failure is 

divided in two parts, early and late. Early complications are 

repercussion of surgical trauma, bone 

infection/contamination and a lack of primary stability or 

small bone volume, while late complications are the result 

of microbiological changes, such as peri-implantitis or 

biomechanical changes such as occlusal overload.2 

 

The connection between implant and abutment is the most 

concerning part in implant therapy because from a 

mechanical point of view it represents the weakest point, 

and from a biological point a micro-gap can cause a leakage 

of microbes. The micro-gap is a small space between 

implant and abutment, which can often be a reservoir for 

different types of commensal and pathogenic bacteria, 

specially micro-aerophilic or anaerobic species. These 

microbes lead to tissue inflammation and progression 

results in bone resorption.3,4 

 

Peri-implantitis (Figure 1) is a chronic, marginal and 

progressive infection of soft and hard tissue that surrounds 

dental implants, which results in the loss of the supporting 

bone, caused by similar microbes as adult periodontitis, 

such as Campylobacter rectus, Aggregatibacter 

actinomycetemcomitans, Prevotella nigrescens and Enteric 

bacilli.5,6 Staphylococcus aureus and Candida albicans are 

microorganisms that are not primarily associated with 

periodontitis, but certain studies identified them in peri-

implant pockets.7,8 

 

Colonies by the genus Candida spp. were found in 

periodontal pockets, periodontitis and implant failure in the 

study of Reynaud et al.9 and Dahlen et al.10 Candida albicans 

as a commensal is the major pathogen in oral and systemic 

candidiasis and the prime fungus in the oral cavity of 20–40 

per cent of healthy individuals.11 It is regarded as a major 

human pathogen in clinical studies, and the frequency of 

cutaneous and mucosal fungal infection has increased 

during recent years. Opportunistic infections in 

immunosuppressed patients and polytrauma patients with 

damaged barriers are typical for the development of 

candidiasis.12 Nosocomial infections in the United States 

caused by candidiasis are ranked as even more common 

than some bacteria. The reason for this data is in an 

increased use of antibiotics, more invasive therapeutic 

medical procedures and an increasing number of seriously 

ill patients and immunosuppresive therapies.13 

 

Method 
This work has been carried out in accordance with the 

Preferred Reporting Items for Systematic Reviews and 

Meta-Analyses (PRISMA) statement. 

 

This review has been carried out in accordance with the 

question: “What is the role of Candida albicans in peri-

implant diseases?”. To answer this, a bibliographic search 

was carried out using PubMed, Scopus and Medline and it 

was limited to works published during 2009-2019. The 

keywords used for the search were “dental implant”, “peri-

implantitis” and “Candida”. 

 

The inclusion criteria for the research literature were 

articles published in the last 10 years and that were written 

in English with full texts available. There were no exclusion 

criteria because there is a lack of literature on this issue. 

 

All the information were obtained from the articles selected 

by one of the authors [MV]. 

 

Results 
A systemic research of the databases was carried out with 

the following research strategies: 

“dental” [All Fields] AND “implant” [MeSH Terms] OR 

“dental implant” [All Fields] AND “peri-implantitis” [MeSH 

Terms] OR “peri-implant” [All Fields] AND “disease” [All 

Fields] AND “fungi” [All Fields] AND “Candida” [MeSH 

Terms] OR “Candida” [All Fields] AND “peri-implant disease” 

[All Fields] AND “Candida” [All Fields] OR “Candida” [MeSH 

Terms] OR “peri-implantitis” [All Fields] AND “Candida 

albicans” [All Fields] AND “2009” [PDat] AND “English” 

[lang]. 

 

A total of 49 articles were found, out of which, after reading 

the title and abstract, 27 were excluded for not complying 

with the established criteria of the role of Candida species in 

peri-implant diseases; 22 articles were selected and 

analysed (Figure 2). 

 

Discussion 
Oral biofilm 

The process of oral biofilm development has five phases: 1) 

adhesion to soft and hard tissues (polysaccharides and 

adhesins); 2) growth (matrix formation); 3) maturation 



 

100 
 

[AMJ 2020;13(3):98-105] 
 

(metabolic and genetic microbial exchanges); 4) tissue 

destruction (enzymes and toxic metabolites); and 5) surface 

detachment.14,15 

 

Organic salivary compounds are adsorbed to soft tissue or 

hard tissue surfaces, such as dentin, enamel, calculus, 

prosthetic materials or resorative, and then they produce 

receptors for early colonizers. Initial adhesion stage of 

bacteria lasts for a few seconds and is reversible.16,17 The 

growth and maturation of biofilm can take hours or days 

depending on environmental conditions and types of 

microbes. Fungi and bacteria form aggregates that are 

confluent.18 In mature biofilm there are aggregates of 

microorganisms growing with an extracellular matrix, which 

consists of dead microbial and host cells, metabolites, 

collagen, salivary components and some drugs. The matrix 

is crossed by multiple channels with nutrients, oxygen and 

metabolites, and it is also very well hydrated.19 Oxygen 

availability and metabolic interactions are responsible for 

the biofilm maturation, Candida albicans in combination 

with Streptococcus oralis increase formation of biofilm.20 In 

early childhood caries, the presence of C. albicans increases 

the virulence of S. mutans and results in rapid growth of 

caries lesions. Willems et al.21 reported that during the 

growth of S. mutans and lactate production, environmental 

pH is increased by Candida above critical value, while Ca ²+ 

release from hydroxyapatite disks is inhibited by the 

presence of this fungi. The invasion and destruction of soft 

tissue is caused by different enzymes, such as proteases, 

nucleases, lipases and ureases which can be triggered by 

Candida. The invasion and destruction of hard dental tissues 

begins with decalcification of the hydroxyapatite crystals of 

enamel and dentin, followed by enzymatic lysis of organic 

parts of hard tissues.22,23 The biofilm of a healthy adult is 

moistened by saliva flow of approximately 0.35ml/min, 

which is responsible for providing nutrients, mucus 

membrane, elimination of some bacteria and for buffering 

the pH which results in remineralisation of hard tooth 

surface.24,25 The late stage in process of biofilm 

development is the detachment of microbial aggregates or 

cells. It depends on suport, microbial community, nutrient 

availability, physical-chemical conditions and 

hydrodynamics influenced by environment. Candida 

albicans produces glucanases which causes lysis of 

extracellular polymers and in the end the microbial 

aggregate detachment.26,27 C. albicans is to date the most 

common species used in oral consortium studies as it is 

most amenable to identification, culture and isolation. 

Bertolini et al.28 used three stains of mutant C. albicans, 

while Pereira-Cenci et al.29 described a model with Candida 

glabrate and albicans. In a recent study,30 a model of 

vulvovaginal candidiasis was developed containing Candida 

glabrata in combination with two probiotic lactobacilli, 

Lactobacillus rhamnosus and Lactobacillus router. 

 

Histopathology of peri-implant disease  

Biological complications of dental implants are a major 

problem in contemporary dentistry. Peri-implantitis is a 

destructive inflammatory process caused by the bacterial 

colonization of peri-implant tissues 31. It affects the soft and 

hard tissues around implants and is characterized by the 

formation of a peri-implant pocket formation and bone 

resorption (Figure 3). Clinically, soft tissue inflammation is 

detected by probing (bleeding on probing, BOP) (Figure 4), 

while progressive bone loss is identified on radiographs.32 

 

There are two clinical and histological entities: peri-implant 

mucositis and peri-implantitis. Peri-implant mucositis is 

assumed to precede periimplantitis.33 The conditions 

characterizing the conversion from peri-implant mucositis 

to peri-implantitis have not been identified. 

 

The peri-implant soft tissue reactions to plaque formation 

have been extensively evaluated in animal and human 

studies alike.34,35 Plaque formation resulted in an 

inflammation of the peri-implant soft tissues, associated 

with the clinical signs of inflammation, such as redness and 

edema.36 

 

When compared to peri-implant mucositis, the lesions at 

peri-implantitis sites harboured more neutrophil 

granulocytes and larger “proportions of B cells (CD19+)”.37 

Similarly to periodontitis, the lesions at peri-implantitis sites 

are dominated by plasma cells and lymphocytes.38-40 but are 

characterized by larger proportions of polymorphonuclear 

leukocytes and macrophages.41 The size of peri-implantitis 

lesions is more than twice as large as the one noted at 

periodontitis sites according to Carcuac et al.42 Another 

study using immunohistochemical analysis of harvested soft 

tissue biopsies showed that IL-1α was a dominant osteoclast 

activating cytokine at peri-implantitis sites.43 

 

Microbiology of peri-implantitis  

When compared with healthy implant sites alone, peri-

implantitis was associated with higher counts of 19 bacterial 

species including Porphyromonas gingivalis, Prevotella 

intermedia, Fusobacterium nucleatum and Aggregatibacter 

actinomycetemcomitans.44 Studies have indicated that peri-

implantitis was more frequently linked with opportunistic 

pathogens, such as Pseudomonas aeruginosa and 

Staphylococcus aureus45,46 fungal organisms like Candida 
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albicans45,47,48 and viruses (i.e. human cytomegalovirus, 

Epstein-Barr virus).49 

 

In case of dental implants, there is a colonization of their 

external surfaces and at the interface of the implant and the 

prosthetic abutment connection,50 in the micro-gap formed 

between the implant and the prosthetic abutment. 

Microorganisms colonizing the outer surface can be 

eliminated by the host defence mechanisms, but the 

microorganisms that internally colonize the implants and 

the interfaces of the parts can persist for long periods, 

causing unpleasant odour and taste, infections, and tissue 

damage.51 

 

In vivo and in vitro studies have demonstrated the presence 

of viable microorganisms in internal parts of the implants 

and the infiltration of fluids and microorganisms throughout 

their internal space, which may lead to contamination of the 

tissues near the inserted dental implants.52,53 

 

Candida species role in peri-implant infections 

Candida spp yeasts are an important component of the 

resident microbial ecology of the oral cavity, as they are 

frequently associated with the formation of biofilm on 

implantable medical devices including dental implants.54 

Candida glabrata represents an emerging species of non 

albicans Candida and is small yeast [yeast-like cells or 

blastoconidia, 2.0–4.0 3 3.0–5.5mm in size]. The 

introduction of artificial materials into bodily locations has 

been accompanied by the ability of microorganisms, 

including Candida spp, to colonize them and form biofilms 

that protect them from antibiotic diffusion and host 

defences, leading to persistent infections.55 Moreover, the 

biofilms, which are complex 3-dimensional structures, can 

coaggregate and/or bind to bacteria already colonizing 

these devices.56 

 

C. albicans virulence refers to its ability to produce hyphae, 

secrete hydrolytic enzymes, activate inflammatory 

responses and invade tissues.57,58 They are controlled 

through several genes, such as hyphal wall protein (HWP), 

phospholipases (PL), agglutinin-like sequences (ALS) and 

aspartyl-proteinases (SAP).59 the development of hyphae 

and virulence gene expression may be modulated by local 

environmental factors including gaseous atmosphere and 

nutrient content.60,61 

 

Dental plaque has a high microbial density with around 700 

oral bacterial species which could be isolated and grown in 

vitro, and an individual often has 100 or more cultivable 

bacterial strains in his or her oral cavity.62 Similarly, oral 

microbiome has more than 100 fungal species, most of 

which are noncultivable.63 In several studies,64,65 animal 

models have been used to mimic oral microcosm, but the 

problem was that animal ecosystems are different from 

those in humans. Some biofilm models are grown with 

human epithelial cell cultures to be closer to in vivo 

conditions.24 Many of noncultivable species may play a role 

in health and disease, so that Candida albicans and 

prominent periodontopathogens were not always present 

in caries, periodontitis or candidiasis.63,66,67 

 

Yeasts can adhere to non-biological surfaces, besides 

adherence to teeth and oral mucosal surfaces, such as 

dental materials as dental implants.68,69 An experimental 

study69 showed that Candida albicans biofilm is thicker on 

the body surfaces of bone-level and tissue-level implants 

compared to abutments and cover screws. In the case of 

peri-implant biofilms it was hypothesized that a similar 

phenomenon would occur with the bacterial population, 

also impacting on C. albicans virulence. 

 

The contribution of oral yeasts in the occurrence and 

progression of peri-implant diseases is still unclear, although 

it is known that Candida species in subgingival oral biofilm 

contributes to aggressive and chronic periodontitis.70 

 

The entry of microorganisms that are commonly resident in 

the oral cavity into the implant microgap might promote the 

formation of a biofilm in the implant itself. The biofilm acts 

as a reservoir of microorganisms which may lead to implant 

failures. In the study of Baggi et al.,52 it was observed that 

the implant-abutment unit with the platform-switched 

interface was more resistant to colonization and the 

consequent eventual biofilm formation after the exposure 

to Streptococcus and C. albicans. The ability of the conical 

connection geometry to resist the entry of C. albicans 

compared with the flat-to-flat geometry is noteworthy 

considering the high tendency of Candida spp to colonize 

medical devices.71 Candida glabrata is dimensionally smaller 

than C. albicans. Silva et al.72 reported that C. glabrata 

exhibits a degree of hydrophobicity comparable with that of 

C. albicans, although only a few studies have evaluated the 

role and pathogenicity of C. glabrata in the formation of 

biofilm on medical devices.  

 

Conclusion 
Peri-implantitis is a multimicrobial, multifactorial infectious 

disease of soft tissues and bone around dental implants, but 

without standardized treatment modality. Preventive 

treatment measures exist, but they are not standardized or 
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scientifically established over standard implant-prosthetic 

rehabilitation protocols. 

 

Candida albicans appears to play an important role in the 

formation and stabilization of a biofilm on titanium surfaces 

and in the implant itself, which subsequently allows the 

growth of periodontal pathogenic bacteria involved in the 

development of inflammatory response resulting in the loss 

of bone supporting the dental implant. Further research is 

needed to shed more light on the pathophysiology of peri-

implant inflammation and to find more effective ways to 

treat it. 
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Figure 1: Radiograph of patient with peri-implantitis 

 
 

Figure 2: Prisma Flow Diagram 

 

PRISMA 2009 “PERI-IMPLANTITIS” AND “CANDIDA” 
Flow Diagram 
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Figure 3: Peri-implant pocket formation and bone 

resorption 

 

 
 

Figure 4: Bleeding on probing-BOP 

 

 
 

 


