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 Objectives: This review critically evaluates the multifactorial 
determinants of peri-implant diseases, hypothesising that microbial 
biofilms, systemic and behavioural factors, and anatomical distinctions 
collectively influence disease onset and progression. Materials and 
Methods: A comprehensive analysis of current literature was 
conducted, focusing on microbiological studies, epidemiological 
reports, and clinical trials related to peri-implant mucositis and peri-
implantitis. Special emphasis was placed on evaluating evidence related 
to bacterial plaque formation, systemic conditions (diabetes mellitus), 
behavioural habits (smoking, oral hygiene), anatomical differences 
between implants and natural teeth, and prosthetic complications. 
Results: Bacterial plaque is established as the primary etiological factor 
in peri-implant mucositis and significantly contributes to peri-
implantitis. Disease severity and progression are modulated by systemic 
conditions such as diabetes mellitus, behavioural factors including 
smoking and inadequate oral hygiene, and prosthetic factors like residual 
cement. Individuals with previous periodontitis exhibit heightened 
susceptibility due to persistent periodontal pathogen colonisation. 
Anatomical differences such as the lack of periodontal ligament, reduced 
vascularity, and weaker soft tissue integration also increase vulnerability 
to peri-implant disease. Microbial analysis highlights a diverse 
microbiota associated with peri-implant diseases, including 
opportunistic pathogens such as Staphylococcus epidermidis. 
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INTRODUCTION 

Dental implants have become widely recognised as the gold standard solution for tooth 
replacement (Schnitman & Han, 2015; Wang et al., 2015). However, their sustained success is frequently 
threatened by peri-implant diseases, biological complications that can severely compromise both implant 
functionality and longevity. Among these diseases, peri-implantitis poses particularly challenging 
diagnostic and therapeutic dilemmas due to its intricate pathogenesis involving numerous contributing 
factors (Heitz-Mayfield et al., 2018; Berglundh et al., 2018; Schwartz et al., 2018; Herrera et al., 2023). 

 
Although bacterial plaque is an established trigger for mucosal inflammation, the precise reasons 

why some patients experience aggressive peri-implantitis while others remain unaffected remain 
inadequately understood. This inconsistency underscores a more extensive interplay among microbial 
factors, individual host susceptibility, and environmental influences, many aspects of which require further 
elucidation (Listgarten, 1965; Mombelli et al., 2002; Mombelli & Décaillet, 2011; Berglundh et al., 2024). 
Furthermore, distinct anatomical variations between natural teeth and implants can significantly influence 
tissue responses to microbial challenges (Gruber & Bosshardt, 2015; Coli et al., 2017). As the global 
prevalence of dental implant placement continues to rise, clinicians face increased complexities in 
managing peri-implant diseases among patients presenting with varied systemic conditions, oral hygiene 
compliance, and previous clinical backgrounds. Despite expanding research efforts, substantial 
discrepancies exist regarding crucial risk factors and the most effective strategies for their mitigation (Derks 
& Tomasi, 2015; Lee et al., 2017). 

 
This review comprehensively examines the multifactorial contributors to peri-implant diseases, 

including microbial biofilms, systemic modifiers of disease risk, prosthetic designs, and inherent 
anatomical susceptibilities. By integrating current evidence, this article aims to clarify underlying 
pathogenic mechanisms and enhance the development of tailored preventive and therapeutic strategies. 

Dental biofilm and peri-implant microbiota 

 
The concept of "aetiology" involves a direct causal relationship between exposure to a specific 

factor and the consequent clinical manifestation, necessitating that the causative agent be consistently 
present and temporally precede the resulting condition. On the other hand, a "risk factor" influences the 
probability of an event occurring but is not inherently required for its initiation. Criteria for establishing 
causation, extensively described by Hill (1965) and Rothman & Greenland (2005), demand confirmation 
through prospective and interventional research methodologies. 

 
Bacteria in dental plaque biofilm are widely acknowledged as the principal etiological agent linked 

to peri-implant diseases in periodontal pathology. The 2017 World Workshop on Periodontal and Peri-
implant Diseases and Conditions underscored robust evidence identifying bacterial plaque as the main 
causative factor in peri-implant mucositis (Berglundh et al., 2018). Human experimental models analogous 
to the classical gingivitis studies by Löe et al. (1965) have consistently confirmed this causative 
relationship. For instance, deliberate plaque accumulation around dental implants over 21 days invariably 

Conclusions: Peri-implant diseases are multifactorial, requiring tailored 
preventive strategies focused on meticulous plaque control, systemic 
and behavioural risk mitigation, and routine implant maintenance. 
Future research should prioritise improved diagnostic biomarkers, 
detailed biofilm characterisation, and innovative therapies targeting the 
unique biological challenges of peri-implant tissues. 
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resulted in peri-implant mucositis, manifesting as gingival inflammation, swelling, and bleeding upon 
probing (Heitz‐Mayfield & Salvi, 2018; Meyer et al., 2016; Zitzmann et al., 2001; Pontoriero et al., 1994; 
Löe et al., 1965). Significantly, the reintroduction of meticulous plaque control reliably resolved these 
inflammatory symptoms (Meyer et al., 2016; Salvi et al., 2011). 

 
Peri-implant mucositis frequently precedes peri-implantitis, thus proposing a potential causal role 

for bacterial plaque in peri-implantitis progression (Jepsen et al., 2015). Ethical restrictions preclude direct 
experimental induction of peri-implantitis in humans; however, animal studies employing ligatures to 
disrupt supracrestal soft tissues and encourage plaque accumulation have reliably replicated pathological 
features, such as biofilm proliferation, soft tissue inflammation, and bone resorption (Carcuac et al., 2019; 
Zitzmann et al., 2004; Albouy et al., 2008). 

 
Epidemiological investigations further affirm the critical role of bacterial plaque in peri-implantitis 

aetiology. Retrospective analyses, such as those by Schwarz et al. (2018), have observed increased peri-
implantitis prevalence among individuals with inadequate plaque control and inconsistent oral hygiene 
routines. Moreover, longitudinal studies demonstrate that consistent plaque management effectively halts 
disease progression, reduces inflammatory reactions, and preserves peri-implant bone structure (Carcuac et 
al., 2017; Roccuzzo et al., 2017; Schwarz et al., 2016; Berglundh et al., 2018). Collectively, these data 
emphasise the necessity of rigorous plaque control practices for preventing and managing peri-implant 
conditions. 

 
Early microbiological investigations into peri-implantitis emphasised the prominence of 

spirochetes, absent in healthy implant sites yet abundant in advanced peri-implant lesions, mirroring 
electron microscopy observations in necrotising ulcerative gingivitis (Listgarten, 1965; Berglundh et al., 
2024). Initial bacterial culture-based studies identified predominantly Gram-negative anaerobes, 
specifically Fusobacterium species and Prevotella intermedia, in implants with deeper probing depths and 
related bone loss. In contrast, healthy implant sites typically harboured fewer bacteria, primarily Gram-
positive cocci, suggesting microbial parallels between peri-implantitis and chronic periodontitis (Mombelli 
et al., 1987; Berglundh et al., 2024). 

 
Advances in microbiological analysis methods, including checkerboard DNA–DNA hybridisation, 

quantitative polymerase chain reaction (qPCR), fluorescence in situ hybridisation (FISH), and 16S rRNA 
gene sequencing, have significantly deepened our understanding of peri-implant microbial communities. 
Pathogens commonly linked to periodontitis, notably Fusobacterium species and P. intermedia, frequently 
appear in peri-implantitis lesions, whereas Aggregatibacter actinomycetemcomitans remains relatively 
infrequent (Mombelli et al., 2002; Mombelli & Décaillet, 2011; Berglundh et al., 2024). 

 
The microbial profile of peri-implantitis is complex and predominantly comprises Gram-negative 

anaerobic organisms. A recent meta-analysis identified key peri-implant pathogens, including 
Fusobacterium nucleatum, Porphyromonas gingivalis, Prevotella intermedia, Tannerella forsythia, 
Treponema denticola, and notably, the Gram-positive organism Staphylococcus epidermidis. S. epidermidis 
infections notably mirror dental implant-related infections rather than periodontitis lesions on natural teeth 
(Mombelli & Décaillet, 2011; Carvalho et al., 2023; Berglundh et al., 2024). 

 
Additionally, microbial diversity changes significantly with increasing pocket depth, forming 

niches favourable for pathogenic growth, particularly at depths ≥5 mm, thereby elevating disease 
progression risks. Thus, consistent monitoring of probing depths remains crucial for assessing peri-implant 
health (Mombelli & Décaillet, 2011; Kröger et al., 2018; Berglundh et al., 2024). 

 
Traditional microbiological techniques often inadequately represent the complexity of in vivo 

microbial biofilms, primarily due to analyses involving disrupted biofilms, limiting comprehensive 
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understanding of intact biofilm dynamics on implant surfaces. Consequently, advanced research targeting 
native-state peri-implant biofilms is imperative (Mombelli et al., 2018; Berglundh et al., 2024). 

 
Biofilm-associated infections pose substantial challenges across dentistry and broader medical 

disciplines, including orthopaedics, complicating treatment outcomes and increasing antibiotic resistance 
risks. Effective management of peri-implantitis thus requires improved diagnostic approaches for biofilm 
detection, facilitating early interventions, enhancing therapeutic efficacy, and ultimately reducing clinical 
complications and healthcare expenditures (Ronin et al., 2021; Berglundh et al., 2024). 

History of periodontitis 

Extensive research consistently demonstrates that patients with a history of periodontitis exhibit 
increased vulnerability to peri-implant infections (Hardt et al., 2002; Karoussis et al., 2003, 2004; Heitz-
Mayfield, 2008; Ong et al., 2008; Roccuzzo et al., 2010; Schwarz et al., 2018). This heightened 
susceptibility presumably results from shared etiological components between periodontitis and peri-
implant diseases. Individuals predisposed to periodontitis remain especially susceptible to biofilm-
associated peri-implant infections if periodontal pathogens successfully colonise the peri-implant 
environment. Supporting this hypothesis, investigations have shown that periodontal pathogens persist even 
after tooth removal and subsequent dental implant placement in patients previously suffering from 
advanced periodontal diseases (Quirynen & Van Assche, 2011). 

 
A landmark clinical investigation assessed outcomes in ten patients diagnosed with advanced 

periodontitis who underwent comprehensive tooth extraction and subsequent implant placement after a six-
month healing period. Implant abutments were placed three to six months post-implantation. Biofilm 
samples were systematically collected at baseline and throughout the first year following abutment 
connection from the dorsum of the tongue, saliva, and the peri-implant sulcus and submucosal sites. 
Although substantial reductions in total aerobic and anaerobic colony-forming units (CFU/mL), including 
pathogens such as Porphyromonas gingivalis and Tannerella forsythia, were noted in saliva and tongue 
samples, rapid recolonisation by these pathogens was observed around the peri-implant sulcus. However, 
Aggregatibacter actinomycetemcomitans levels remained stable. These results emphasise that despite 
significantly reducing bacterial load following extraction of periodontally compromised teeth, complete 
elimination of pathogens is rarely achieved, thus allowing persistent colonisation around implant sites 
(Quirynen & Van Assche, 2011). 

 
Once periodontal pathogens colonise the peri-implant biofilm, the risk of peri-implant diseases 

substantially increases, particularly in susceptible patients. Clinical studies have shown that patients 
retaining residual periodontal pockets measuring 6 mm or deeper around natural teeth experience notably 
higher peri-implantitis prevalence, indicated by marginal bone loss and probing depths ≥5 mm with 
concurrent bleeding on probing (BOP), compared to periodontally healthy individuals or those without deep 
periodontal pockets (Cho-Yan Lee et al., 2012). Additionally, a longitudinal cohort study conducted over 
approximately eight years found that patients developing peri-implantitis were significantly more likely to 
maintain residual periodontal pockets ≥5 mm after periodontal therapy than patients who did not develop 
peri-implantitis (Pjetursson et al., 2012). These findings underscore the importance of clearly 
communicating increased peri-implant disease risks to patients previously treated for periodontitis, 
emphasising diligent oral hygiene and regular periodontal and peri-implant maintenance visits. 

 
Strong evidence consistently indicates the adverse influence of previous periodontitis on implant 

therapy success, significantly elevating peri-implantitis risk. Two significant Scandinavian cross-sectional 
studies highlighted this correlation. In research involving 109 participants observed over an average period 
of 8.4 years, individuals predisposed to periodontitis showed significantly higher peri-implantitis risks, with 
an odds ratio of approximately six (Koldsland et al., 2010b; Koldsland et al., 2010a). Derks et al. (2016), 



62 Abu Ani et al. / Compendium of Oral Science (2026) Vol. 13 No. 1 

 

https://doi.org/10.24191/cos.v13i1.7262 © UiTM Press, Universiti Teknologi MARA 

in a comprehensive study of 596 patients evaluated over a comparable duration, similarly reported a robust 
association between prior periodontitis and subsequent peri-implantitis development (Derks et al., 2016; 
Derks et al., 2015). 

 
Further longitudinal studies have reinforced the negative impact of previous periodontitis on 

implant survival and peri-implantitis incidence. A prospective study spanning 10 years with 53 patients 
receiving 112 ITI implants reported significantly reduced implant survival rates of 90.5% among 
periodontitis patients compared to 96.5% in those without a history of periodontitis (Karoussis et al., 2003). 
Additionally, peri-implantitis was significantly more prevalent in individuals with a prior periodontitis 
diagnosis (28.6%) than those without (5.8%). A complementary meta-analysis by Sgolastra et al. confirmed 
these findings, demonstrating that patients previously diagnosed with periodontitis exhibited elevated 
plaque index scores, increased implant loss, and significantly greater marginal bone resorption compared 
to periodontally healthy controls (Sgolastra et al., 2013). 

Compliance to oral hygiene and supportive peri-implant care (SPIC) 

 
The long-term success and durability of dental implants rely extensively on meticulous oral 

hygiene practices. Ensuring optimal hygiene of both implants and associated prosthetic components 
necessitates diligent daily oral care coupled with consistent engagement in structured supportive peri-
implant care (SPIC) programs. Recent research underscores the strong correlation between the accessibility 
of implant surfaces for cleaning and the occurrence of peri-implant diseases. Serino and Ström (2008) 
conducted a comprehensive study involving 23 patients with a total of 109 implants diagnosed with peri-
implantitis, highlighting substantial differences attributable to the ease of maintaining implant hygiene. 
Specifically, implants that posed challenges to effective oral hygiene exhibited a peri-implantitis incidence 
of 48%, whereas only 4% of readily accessible implants showed indications of peri-implant inflammation. 
These marked differences accentuate the importance of strategic implant and prosthetic design in enabling 
efficient oral hygiene practices, significantly mitigating peri-implant disease risk (Serino & Ström, 2008). 

Further highlighting the significance of adherence to structured SPIC, Pjetursson et al. (2012) 
assessed peri-implantitis incidence by comparing outcomes among patients enrolled in structured, 
university-affiliated SPIC programs against those managed by private practitioners. Although no 
statistically significant variation in peri-implantitis prevalence was detected between these groups during 
the observation period, participation rates in private-practice-based SPIC were notably lower (only 12 out 
of 70 patients), with inadequate documentation of adherence levels. These observations suggest that 
patients under private practice care potentially had reduced compliance with regular maintenance protocols, 
influencing their peri-implant health outcomes (Pjetursson et al., 2012). 

 
Emphasising the pivotal role of regular SPIC adherence in peri-implant health, Roccuzzo et al. 

(2010) presented robust longitudinal evidence derived from a decade-long prospective cohort study. Their 
findings revealed significantly poorer clinical outcomes among patients who demonstrated inconsistent 
attendance at SPIC appointments compared to those who consistently adhered to scheduled visits. Irregular 
attendees exhibited higher plaque accumulation, increased bleeding on probing (BOP), greater probing 
depths (PD), and elevated tooth loss rates throughout the ten-year follow-up. Furthermore, the maximum 
probing depths recorded during routine assessments and final examinations were considerably deeper 
among irregular SPT attendees (Roccuzzo et al., 2010). These results affirm that consistent participation in 
structured SPT is critical for sustaining peri-implant health and preventing clinical deterioration. 

 
 
From a clinical perspective, these findings highlight the paramount importance of diligent oral 

hygiene practices and strict adherence to individualised maintenance regimens, especially in patients with 
prior periodontitis undergoing implant therapy. Clinicians should rigorously evaluate patients' periodontal 
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histories during implant planning phases and underscore the importance of continuous compliance with 
tailored maintenance schedules. Adopting this comprehensive strategy markedly enhances long-term 
implant outcomes, minimises peri-implant complications, and emphasises patient education and 
motivational interventions as fundamental components of comprehensive implant care management 
(Valente & Andreana, 2016). 

Diabetes  

 Diabetes mellitus (DM) represents a multifaceted metabolic disorder primarily characterised by 
sustained hyperglycemia, stemming from defects in insulin secretion, insulin action, or both processes 
combined (Petersmann et al., 2019). Diabetes is classified into two principal types: Type 1 diabetes, an 
autoimmune disorder resulting in the destruction of pancreatic β-cells and subsequent absolute insulin 
deficiency; and Type 2 diabetes, defined by progressive β-cell impairment and enhanced insulin resistance 
(American Diabetes Association, 2021). Extensive research underscores a reciprocal association between 
diabetes mellitus and periodontal diseases, attributable to shared underlying chronic inflammatory 
pathways. Consequently, periodontal disease is frequently identified as a significant complication of 
diabetes mellitus, often described as the sixth diabetes-associated complication (Stohr et al., 2021; Cowie 
et al., 2018; Taylor et al., 2001; Loe, 1993). 

 
Individuals diagnosed with diabetes frequently experience significant tooth loss due to periodontal 

destruction and other dental pathologies, prompting consideration of dental implants to rehabilitate 
edentulous areas. However, recent literature stresses meticulous evaluation and customised treatment 
planning for diabetic patients receiving dental implants, mainly due to their heightened susceptibility to 
peri-implant complications and compromised clinical outcomes (Alzahrani & Abed, 2016; Enteghad et al., 
2024). 

Systemic conditions, particularly diabetes mellitus, consistently correlate with diminished implant 
therapy outcomes. These adverse effects primarily stem from compromised tissue regeneration, impaired 
microvascular integrity, and altered inflammatory-immune responses typically observed in diabetic 
individuals. Although diabetes has traditionally been regarded as a relative contraindication for dental 
implant placement, emerging evidence indicates that diabetic patients with effectively managed glycemic 
levels can attain implant success comparable to non-diabetic populations. Conversely, poorly controlled 
diabetes significantly elevates the risk of implant complications and diminishes the overall success rate of 
implant therapy (Verhulst et al., 2019; Almehmadi, 2019; Chrcanovic et al., 2014; Turkyilmaz, 2010; Oates 
et al., 2014; Dowell et al., 2014). 

 
Several studies have explored the relationship between diabetes mellitus and peri-implant diseases. 

For instance, Li et al. (2023) performed a comprehensive systematic review and meta-analysis involving 
observational data from over 24,000 individuals across twenty-one separate studies. Their findings revealed 
that diabetes mellitus did not significantly heighten the risk of peri-implant mucositis (p < 0.05); 
nonetheless, diabetic patients demonstrated a substantially increased risk of developing peri-implantitis 
(OR: 1.754, p = 0.016). Complementary perspectives provided by Baniulyte and Ali (2023) supported these 
conclusions, reiterating the significant association between diabetes mellitus and elevated peri-implantitis 
risk (Baniulyte & Ali, 2023). 

 
Collectively, contemporary research substantiates a bidirectional and potentially causative link 

between diabetes mellitus and periodontal as well as peri-implant diseases. Effective management and 
therapeutic control of one condition could positively influence the prevention and treatment outcomes of 
the other. Furthermore, the progression and severity of periodontal and peri-implant tissue destruction 
appear intricately associated with glycemic control quality. While diabetic individuals maintaining optimal 
glycemic regulation can achieve comparable implant outcomes to healthy controls, their enhanced 
susceptibility to peri-implantitis warrants persistent attention. Therefore, strict glycemic control combined 
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with rigorous oral hygiene protocols is essential for diabetic patients undergoing implant therapy to secure 
favourable clinical results (Enteghad et al., 2024). 

 
Smoking 
 

Tobacco smoking has been extensively associated with periodontal diseases through numerous 
pathophysiological mechanisms. These mechanisms include the alteration of host inflammatory and 
immune responses to periodontal pathogens, modifications of subgingival microbial communities, and 
impairment in tissue healing processes, collectively disrupting periodontal homeostasis. Evidence indicates 
that smoking affects periodontal tissues through systemic and localised pathways, influencing clinical 
outcomes and disease progression significantly (Apatzidou, 2022; Darby, 2022). 

 
Historical and contemporary studies have analysed the impact of tobacco smoking on periodontal 

clinical parameters, subgingival microbiota composition, and inflammatory responses. Traditional 
microbiological detection methods targeting specific pathogens have revealed changes in smokers' 
periodontal pockets. More recently, advanced methodologies such as deep sequencing and bioinformatic 
analyses have enabled the comprehensive characterisation of subgingival microbial ecosystems. 
Nevertheless, the interpretation of these findings has been complicated by variability in research 
methodologies and study designs, leading to inconsistent outcomes across different studies (Apatzidou, 
2022; Darby, 2022). 

 
While smoking is frequently considered harmful to implant survival, evidence regarding its direct 

impact on peri-implant disease has shown variability. Koldsland et al. (2010) reported no significant 
correlation between tobacco smoking and peri-implant conditions (Koldsland et al., 2010). Similarly, Roos-
Jansåker et al. (2006) found no significant relationship between smoking and implant loss. However, this 
study did observe higher frequencies of peri-implant mucositis, peri-implantitis, and marginal bone loss 
among smokers compared to non-smokers (Roos-Jansåker et al., 2006). These conflicting outcomes were 
also mirrored in a meta-analysis conducted by Sgolastra et al. (2013), where implant-level analysis revealed 
a significant increase in peri-implantitis risk among smokers. In contrast, patient-level analysis indicated 
no significant differences between smokers and non-smokers. Acknowledging the considerable 
heterogeneity observed in these analyses, underscoring the complexity of establishing a definitive 
relationship between smoking and peri-implant diseases (Sgolastra et al., 2013). 

 
Nevertheless, recent literature provides more substantial evidence supporting the association 

between smoking and peri-implantitis. Martinez-Amargant et al. (2023) conducted a study involving 117 
patients with 450 implants. They demonstrated a statistically significant correlation between the intensity 
of smoking and an increased risk of developing peri-implantitis (p < 0.002). Moreover, this study 
highlighted that individuals who had ceased smoking for over 21 years exhibited peri-implant disease risks 
similar to those who had never smoked, suggesting the beneficial impact of prolonged smoking cessation 
(Martinez-Amargant et al., 2023). Further corroborating this association, a systematic review and meta-
analysis by Ries et al. (2023) evaluated seven studies encompassing 702 patients and approximately two 
thousand implants. The results significantly favoured non-smokers, demonstrating a pronounced and 
statistically significant difference in peri-implantitis risk compared to smokers at both implant and patient 
levels (p < 0.001) (Ries et al., 2023). 
 

Further expanding on this topic, Vamos and colleagues (2024) conducted a systematic review and 
meta-analysis assessing various tobacco consumption forms, including conventional cigarettes, electronic 
cigarettes, waterpipes, and smokeless tobacco products. Their findings indicated that all nicotine-containing 
products, excluding electronic cigarettes, significantly contributed to greater marginal bone loss and poorer 
clinical parameters around implants compared to non-smokers. Interestingly, although the detrimental 
effects of electronic cigarettes did not reach statistical significance, users demonstrated inferior clinical 
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outcomes relative to individuals with no history of smoking. This highlights the necessity of critically 
evaluating alternative tobacco products' impact on peri-implant health, despite their perceived safety 
compared to conventional smoking (Vamos et al., 2024). 

 
A critical appraisal of the existing body of research emphasises the significance of study design 

and methodological approaches in influencing results. Variations in study protocols, especially between 
earlier investigations using traditional microbial identification methods and recent studies employing 
advanced genomic and bioinformatic techniques, contribute to inconsistencies in reported outcomes. 
Additionally, methodological differences in evaluating inflammatory and immune responses add further 
complexity to interpretations. Investigations into passive smoking's potential effects on peri-implant health 
have also provided insights, emphasising the broader implications of tobacco exposure and benefits 
associated with smoking cessation (Darby, 2022; Apatzidou, 2022). 

 
Clinically, these findings reinforce the necessity for practitioners to advocate smoking cessation 

actively among patients, emphasising its substantial benefits on periodontal and peri-implant treatment 
outcomes. Educational interventions should integrate robust evidence-based information, highlighting the 
risks associated with smoking and emphasising quitting as integral to improving therapeutic outcomes. 
Despite recent advancements, current evidence remains somewhat limited regarding smoking as a definitive 
risk factor for peri-implantitis. Future research with robust, controlled study designs is essential to clarify 
this association further and provide unequivocal clinical guidance regarding tobacco's impact on peri-
implant health (Darby, 2022; Apatzidou, 2022). 

Anatomical and histological differences of natural teeth and dental implants 

 
Significant anatomical and histological distinctions between natural dentition and dental implants 

markedly influence implants' susceptibility to peri-implant diseases (Coli et al., 2017; Lang & Berglundh, 
2011; Berglundh et al., 1991; Buser et al., 1992; Berglundh et al., 1994). Dental implants functionally 
replace missing teeth by utilising a fixture that acts as an artificial tooth root, supporting a prosthetic crown 
that substitutes for the visible tooth structure (Vishwakarma et al., 2015; Gruber & Bosshardt, 2015). 
Although implant-supported prostheses closely mimic natural teeth clinically and aesthetically, distinct 
implant components are easily identifiable through radiographic imaging, differentiating them from natural 
dental structures (Vishwakarma et al., 2015; Gruber & Bosshardt, 2015). 

 
Histologically, there are considerable differences between dental implants and natural teeth. Tooth 

development involves intricate interactions between ectodermal tissues originating from the first branchial 
arch and neural crest-derived ectomesenchyme. These interactions result in tooth bud formation, 
subsequently differentiating into three main structures: the enamel organ, which produces ameloblasts; the 
dental papilla, responsible for generating odontoblasts and pulp fibroblasts; and the dental follicle, giving 
rise to cementoblasts, osteoblasts, and periodontal ligament fibroblasts (Vishwakarma et al., 2015; Gruber 
& Bosshardt, 2015). 

 
These specialised cellular populations collectively produce various mineralised and non-

mineralised dental components, including enamel, dentin, cementum, alveolar bone, periodontal ligament 
(PDL), and dental pulp, resulting in a structurally complex biological entity anchored firmly within alveolar 
bone (Vishwakarma et al., 2015; Gruber & Bosshardt, 2015). The periodontium, composed of cementum, 
alveolar bone, periodontal ligament, and gingival tissues, provides a unique anchoring mechanism for 
natural teeth. Notably, this attachment apparatus fundamentally differs from dental implants due to the 
periodontal ligament's presence, a structure absent around implants (Vishwakarma et al., 2015; Gruber & 
Bosshardt, 2015). 
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Conversely, dental implants directly integrate with alveolar bone through osseointegration, a 
biological process defined by direct structural and functional attachment of bone tissue to the implant 
surface, devoid of intermediary ligamentous structures (Gruber & Bosshardt, 2015). While osseointegration 
provides excellent mechanical stability initially, the lack of a periodontal ligament introduces several 
functional limitations. Implants do not benefit from the ligament’s capacity to effectively distribute and 
dissipate mechanical stress, rendering them vulnerable to mechanical overload from excessive or 
improperly oriented occlusal forces. Additionally, implants lack the proprioceptive feedback in natural 
teeth, reducing their sensitivity to occlusal forces and increasing their risk of mechanical stress-induced 
complications. 

 
The peri-implant mucosa surrounding implants differs significantly from natural gingival 

attachments (Buser et al., 1992). Peri-implant mucosa forms a direct epithelial attachment to the implant 
surface, lacking robust connective tissue fibres characteristic of natural gingival attachments, resulting in 
reduced mechanical resilience and increased susceptibility to microbial invasion (Berglundh et al., 1991). 
Furthermore, peri-implant mucosal tissues exhibit notably diminished vascularity compared to the richly 
vascular periodontal tissues around natural teeth (Berglundh et al., 1994). This limited vascular supply, 
mainly from alveolar bone and periosteal sources, can hinder immune and regenerative responses during 
inflammatory or infectious conditions (Berglundh et al., 1994). 

 
These anatomical and physiological variances, particularly the absence of the periodontal 

ligament, limited vascularisation, and weaker mucosal attachment, substantially heighten implants' 
vulnerability to peri-implant disorders, especially peri-implantitis (Lang & Berglundh, 2011; Buser et al., 
1992). Moreover, compromised vascularity around implants significantly impedes effective immune 
responses against bacterial challenges, perpetuating inflammation and subsequent tissue degradation. 
Consequently, precise and timely diagnostic methods are vital for clinicians to manage and mitigate peri-
implant disease risks efficiently (Salvi et al., 2016; Carcuac & Berglundh, 2014). 

Remnant of excess dental cement 

A retrospective study examining 77 patients with 129 implants experiencing mechanical or biological 
complications identified residual cement in 73 implants, constituting 56% of the cases evaluated. 
Specifically, excess cement was detected in 11 of 32 implants associated with mechanical issues and 62 of 
97 implants presenting biological problems. Critically, peri-implant disease occurred in 85% (62 cases) of 
implants where residual cement was present. Early-onset peri-implant disease accounted for roughly 12% 
(7 implants) of these cases, whereas delayed-onset peri-implant disease represented the majority at 88% 
(55 implants). Notably, all patients who had previously experienced periodontal disease and exhibited 
residual cement around implants subsequently developed peri-implantitis (Linkevičius et al., 2012; Valente 
& Andreana, 2016). 

 
These results underscore the considerable etiological impact of residual cement in initiating and 

promoting peri-implant pathologies, particularly in individuals with an existing predisposition to 
periodontal diseases. The prevalent occurrence of delayed-onset peri-implantitis highlights the frequently 
unnoticed nature of cement-related complications, often remaining undetected during the immediate post-
restoration phase. 

 
Consequently, dental clinicians should strictly adhere to precise cementation protocols, ensuring 

complete elimination of excess cement to minimise associated risks. Additionally, rigorous postoperative 
follow-up through structured, routine examinations is essential to identify and effectively manage emerging 
complications promptly. These observations align with existing literature, emphasising the intricate 
interaction between localised etiological elements, such as residual cement, and individual patient 
susceptibility in peri-implant disease development. Hence, individualised preventive strategies and 
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personalised care plans are vital for achieving sustainable implant success over time (Linkevičius et al., 
2012; Valente & Andreana, 2016). 

 
 

 
 

Figure 1. Conceptual determinants of peri-implant disease 

CONCLUSION 

Peri-implant diseases, encompassing peri-implant mucositis and peri-implantitis, emerge from 
complex interactions involving microbial biofilms, individual host susceptibility, patient behavioural 
factors, and intrinsic anatomical distinctions between dental implants and natural teeth. While microbial 
plaque remains the primary causative factor in peri-implant mucositis and substantially influences peri-
implantitis, the transition from mucositis to peri-implantitis is critically mediated by systemic and local risk 
determinants, such as diabetes mellitus, history of periodontal disease, tobacco use, presence of residual 
cement, and insufficient compliance with maintenance programs (Figure 1). 

 
Advancements in molecular techniques have significantly deepened the understanding of peri-

implant microbiomes, uncovering parallels and critical differences compared to periodontal pathogens. 
Notably, opportunistic microorganisms, including Staphylococcus epidermidis, suggest peri-implant 
infections may share characteristics with biofilm-associated infections of other medical devices. 
Anatomically, the absence of periodontal ligament structures, reduced vascularisation, and relatively 
weaker mucosal attachment around implants inherently compromise local immune defence mechanisms. 
These anatomical limitations restrict effective immune responses and regenerative capacities, rendering 
peri-implant tissues vulnerable to progressive inflammation and bone deterioration. 

 
Therefore, effective management and preventive strategies must adopt a patient-specific, risk-

based approach. Essential preventive measures include rigorous oral hygiene practices, behavioural 
modification strategies, consistent adherence to structured supportive peri-implant therapy, and timely 
disease identification. It is imperative for clinicians to comprehensively assess systemic and local risk 
factors during implant planning and maintenance, particularly in patients predisposed to periodontitis. 
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