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ABSTRACT 

Aim of the study The predictability of osseointegrated root form implants with well-documented and long-term 

functional and esthetic outcomes has led to their acceptance as a practical treatment modality in modern 

dentistry for rehabilitation purposes in fully edentulous and partially dentate patients, or for single-tooth 

replacement. The success of implant treatment and maintenance of its highly desirable outcomes are dependent 

upon several prerequisites to accomplish a dynamic association of functional and esthetic results. These factors 

may include adequacy of bone quantity and quality, biocompatibility of implant biomaterial and characteristics 

of implant surface, absence of surgical complications, absence of peri-implantitis, and prevention of excessive 

loading. Moreover, direct and indirect systemic factors that influence the host response appear to be of great 

relevance to the prediction of risk groups for implant loss. Despite a few contraindications and a documented 

long-term success rate, it is widely recognized that dental implants sometimes can be susceptible to healing 

complications or disease conditions that eventually may result in implant loss. Thus, the focus of implant 

research has shifted from demonstrations of clinical success to more specific attempts at identification of factors 

that may contribute to implant failure. Material and methods include Prosthetic Factors and Periodontal 

Factors. In this section we discuss about many type of restoration and type of cement for cementation. Also, 

includes clinical parameters devided in bleeding on probing, clinical attachements loss, Probing Depth, 

Suppuration, radiographic evaluation and gingival recession. Results At baseline, patients fell into the following 

risk profiles: low-risk (n = 102, 28.9%), moderate-risk (n = 68, 19.3%), high-risk (n = 77, 21.8%), and very 

high-risk (n = 106, 30%). The incidence of peri-implant disease over five years was 24.1% (n = 85 patients). 

The RR for the risk groups was 5.52 (c-statistic = 0.858). The RR for a longer recall regimen was 1.06, 

corresponding to a PAR of 5.87%. Conclusions Maintaining soft tissue health is as important in the long-term 

maintenance and success of implants as osseointegration. 

 

Key words: dental implants; peri-implantitis; peri-implant disease; peri-implant mucositis; risk indicator; case-

control; implant failure; epidemiology. 

 

INTRODUCTION 

Loss of teeth or part of a tooth due to caries 

and periodontal disease is one of the 

undeniable problems in today’s society. 

Failure to replace a lost tooth over time has 

caused the condition of the remaining teeth 

to change, the coordinated function of the 

teeth gradually changing and causing many 

problems in chewing, speaking, beauty, 

health, and dental hygiene. With 

restorations, large areas of missing teeth or 

crowns can be replaced. However, 

successful treatment of patients by a dentist 

for the placement of fixed prostheses 

requires a series of knowledge. Plaque 

accumulation in fixed restoration can 

endanger the life of the tooth, and the 

importance of this issue is clear from the fact 

that the prevalence of microbial plaque is 

very high and exists in all age groups and 

social and economic classes. Also, the 

accumulation of microorganisms and the 
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formation of microbial plaque can lead to 

gingival resorption and periodontal 

degeneration and marginal caries and, 

consequently, tooth sensitization, crown 

looseness, and ultimately lead to periodontal 

disease. The link between periodontal and 

host microbes is usually benign, but when 

certain bacterial species overgrow in the 

subgingival spaces, they can cause 

periodontal inflammation and destruction 

with loss of tooth connection and bone loss. 

In periodontitis, the onset of the disease is 

associated with tissue colonization by these 

pathogenic species. The next stage is 

bacterial invasion or invasion of periodontal 

tissues by their pathogenic products, 

reactions of bacteria, and their materials with 

host cells, and this results in tissue 

destruction, directly or indirectly, causing 

periodontal destruction. Bacterial species 

must be able to colonize the subgingival area 

to produce virulence factors that can directly 

(by producing enzymes or toxins) or 

indirectly (by producing antigens and 

activators) lead to the onset of a destructive 

inflammatory reaction in individuals and 

periodontal tissue injury. Plaque reduction, 

usually above and below the gingival 

margin, can be a major factor in preventing 

periodontal disease and caries. Plaque 

formation in fixed restorations is very 

important, so the use of appropriate 

materials to prevent periodontal disease is 

effective. Also, because implants are prone 

to biofilminduced inflammatory diseases, it 

is necessary for the dentist to perform 

examinations using clinical indexes. Dental 

implants biological complications include 

plaque-related diseases, and the clinical 

manifestations are peri-implant mucositis 

and peri-implantitis, gingivitis, periodontitis, 

and non-plaque-related conditions near 

dental implants, such as mucosal 

hyperplasia, implant mucosal recession, 

lesions caused by trauma, and different 

nonspecific clinical diseases. Diagnosis of 

such plaque-induced and nonplaque- related 

peri-implant diseases is associated with 

plaque-related active infection, for example, 

bleeding on probing, radiographic bone loss, 

exudate/suppuration, and increasing the 

depth of probing pocket. The prevalence rate 

of peri-implant mucositis and peri-

implantitis has been reported to be nearly 

43% (range 19%–65%) and approximately 

22% (range: 1%–47%). 

 

Virulence factors are challenging for the 

host for mounting a response for minimizing 

the harmful impacts of the bacteria or 

byproducts of them. These factors are toxins 

releasing by living bacteria and also cell wall 

constituents of the bacteria as well as cell 

contents releasing on cell death. Although 

there are many species that are considered 

indigenous for the oral cavity, some species 

are linked to caries and some certain other 

species, such as Prevotella intermedia, 

Actinobacillus actinomycetemcomitans, and 

Porphyromonas gingivalis, are involved in 

gingival inflammation and periodontitis. 

Nonetheless, the host reaction is a crucial 

factor in initiation/ progression of the 

disease since all sites colonized via 

inflammation - associated bacteria certainly 

are not inflamed. Thus, the host response 

against a tooth/restoration or 

abutment/restoration interface should be 

realized and is more important compared to 

only measurement of the levels or presence 

of some bacterial species. 

 

Recently, a large case-control study was 

conducted that examined several risk factors 

for peri-implant disease: history of 

periodontitis, bone level, lack of passive fit 

or non-optimal screw joint, bacterial plaque, 

bleeding, type of material used in the 

restoration, proximity of other implants/teeth 

and current smoking. The same study 
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estimated a potential risk score for 

predicting peri-implant disease. However, 

the risk score was not validated in a different 

cohort than that from where the data were 

originally collected. 

 

Profiling patients according to their risk for a 

disease is currently a priority in public health 

research, with significant efforts being made 

to introduce prevention and treatment 

strategies that account for individual 

variability. In other medical specialties, 

profiling a patient’s individual risk for a 

particular health-related outcome through a 

risk score has been previously reported, such 

as the prediction of serious bleeding after 

primary percutaneous coronary 

interventions, risk scores for predicting 

adverse reaction to contrast agents for 

computed tomography, or estimation of 

coronary heart disease risk. 

 

In Dentistry, one prevention strategy in both 

Periodontal and Implant Dentistry is the 

recall regimen, accounting for patients’ signs 

and symptoms along with patient 

compliance and acceptance. Recall regimens 

are designed to help predict the long-term 

success of an outcome. Specifically, a recall 

interval of five to six months has been 

proposed as the minimum required for 

successful outcomes in implant dentistry. 

The strength of this recommendation is 

based on a “D” classification—the lowest 

classification based on extrapolation from 

other categories of evidence, evidence from 

expert committee reports or opinions, 

clinical experience of respected authorities, 

or a combination of these categories. 

Consequently, more research is necessary to 

produce evidence for recommending recall 

regimens. 

 

Replacement of teeth with dental implants is 

a very frequent procedure, and it is 

associated with high rates of implant 

survival. However, the incidence of 

technical and biological complications 

seems to be frequent (Albrektsson & Donos, 

2012; Pjetursson, Karoussis, Burgin, 

Bragger, & Lang, 2005). These 

complications may have substantial 

economic implications (Fardal & Grytten, 

2013; Listl, Fischer, & Giannakopoulos, 

2014) and effects in the patient’s perception 

of the treatment (Derks, Hakansson, 

Wennstrom, Klinge, & Berglundh, 2015; 

Vogel, Smith-Palmer, & Valentine, 2013). 

Since the number of subjects receiving 

dental implants is growing continuously, 

prevention and treatment of the associated 

complications represent a serious and 

relevant challenge. 

 

Among biological complications, peri-

implant diseases are considered the most 

relevant: peri-implant mucositis has been 

defined as the presence of biofilm-induced 

inflammation in the peri-implant tissues with 

no progressive peri-implant bone loss; 

conversely, peri-implantitis is characterized 

by progressive peri-implant bone loss, 

together with inflammation in the peri-

implant tissues (Berglundh & Armitage, 

2018; Lang & Berglundh, 2011; Lindhe & 

Meyle, 2008). Since peri-implant diseases 

share some features with periodontal 

diseases, initially knowledge on 

management of the latter was easily 

transferred to the former. However, it is now 

evident that peri-implant diseases, and peri-

implantitis in particular, usually progresses 

faster than periodontal diseases and may 

arise within the first year post-loading 

(Derks et al., 2016). 

 

In order to better understand peri-implant 

diseases and to effectively and efficiently 

implement preventive strategies, it is 

mandatory to understand their epidemiology 
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in different geographical areas. Therefore, it 

has been suggested that epidemiological 

studies with a cross-sectional design, 

adequate sample sizes and clinical and 

radiographic records are necessary to study 

the prevalence and risk indicators of peri-

implant diseases (Zitzmann & Berglundh, 

2008). Recently, a systematic review, that 

aimed to evaluate the epidemiology of peri-

implant diseases, has been conducted (Derks 

& Tomasi, 2015): 47 studies were included 

and the meta-analysis at the patient level 

reported an estimated prevalence of 19.8% 

[95% confidence interval (CI): 15.38, 

24.27%] for peri-implantitis and 46.83% 

(95% CI: 38.30, 55.36%) for peri-implant 

mucositis. The reported variability may 

depend on different factors, including the 

length of follow-up or the definition of 

disease (including the threshold of bone 

level used for the case definition). The case 

definition is quite controversial and many 

different definitions have been 

proposed/used (Tomasi & Derks, 2012), 

such as the one coming from the new 

classification of periodontal and peri-implant 

diseases, in which in the absence of previous 

examination, the diagnosis of peri-

implantitis can be based on the combination 

of the presence of bleeding and/or 

suppuration, probing depths ≥6 mm and 

bone level ≥3 mm (Berglundh & Armitage, 

2018). Other relevant factor is the use of 

convenience rather than randomized 

samples, eventually resulting in a potential 

selection bias (Kleinbaum, Morgenstern, & 

Kupper, 1981; Patten, 2000). 

 

The primary aim of this study was to gather 

conclusive information on diagnostic criteria 

for peri-implant diseases and the effect of 

fixed restorations and cementation on the 

health of the peri-implant tissues. 

 

The secondary aim of this study was to 

validate a risk score for peri-implant disease. 

and to investigate the influence of recall 

regimens on the incidence of peri-implant 

disease. 

 

MATERIAL AND METHODS 

Prosthetic Factors 

2.1. Type of Restoration. It is demonstrated 

that crowns that have intracrevicular 

margins, made of several traditional and new 

biomaterials, result in desirable microbial 

and gingival responses while supporting by 

either titanium implant abutments or natural 

teeth; nonetheless, the zirconia crowns can 

exhibit the least marginal gingival 

inflammation despite the fact that there have 

been no differences between porcelain and 

ceramic fused to metal restorations on 

periodontal health. 

 

2.1.1. Porcelain-Fused-to-Metal (PFM). 

Today, one of the most popular and usable 

restorations is ceramic metal restoration, 

which combines the power and precision of 

metal casting with the beauty of porcelain. 

Porcelain-fused-to-metal (PFM) has long 

been used in clinical practice and is therefore 

considered the standard material for implant 

supported restorations. (is type of 

infrastructure provides sufficient power and 

satisfactory aesthetic results. PFM crowns 

are considered the golden standard for 

repairing damaged teeth. A survey of 80 

dentists found that 70% of them used PFM 

crowns to restore patients’ posterior teeth. 

Also, in recent years, the demand for crowns 

that look natural has increased because 

ceramic materials have a high degree of 

beauty. PFM crowns are more beautiful than 

previous metal coatings but have a shorter 

life and strength. It also has more strength 

but less beauty against ceramic coatings. 

PFM crowns last longer than all-ceramic 

veneers and less than metal veneers. Other 

advantages include high strength, beauty, 

and more acceptable cost than zirconia and 

all-ceramic coatings. PFM crowns can also 

be used for front and posterior teeth, even 

bridges and implants. PFM is resistant to 

abrasions and cracks and is also 
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recommended for people who grind or 

harden their teeth because PFM is more 

durable than other dental  

crowns. 

 

2.1.2. Monolithic Zirconia. Zirconia is a 

white alloy used in the place of gray metal 

and is the basis of bridges and prosthetic 

dentures. Zirconia veneers are used to 

enhance the beauty of yellow, discolored, 

and incurable teeth with methods such as 

bleaching, and zirconia veneers are also used 

to treat congenital discoloration, cleft palate, 

broken teeth, and decayed teeth. Zirconia 

veneer is also used as a bridge or veneer for 

molar teeth, anterior teeth, and as a treatment 

for the smile line. The monolithic zirconia 

crown has high flexural strength and shows 

high fracture resistance in the posterior 

region. Because protective screw implants 

can also be made from integrated zirconium, 

evaluating the clinical results of this type of 

restoration is invaluable. The extraordinary 

strength of the integrated zirconia is due to 

its diamond-like structure. (is material does 

not need any other metal to increase strength 

and is resistant to abrasion and unbreakable. 

However, there are many types of zirconia 

ceramic systems available. But only three of 

them are used in dentistry, which include 

glass-infiltrated zirconia-toughened, 

magnesium cationdoped partially stabilized 

zirconia (Mg-PSZ), and yttrium cation-

doped tetragonal zirconia polycrystals (3Y-

TZP). Zirconia-based restorations promise a 

great alternative to metal-ceramic 

restorations. Both fully sintered and 

semisintered zirconia products appear to be 

clinically acceptable. Adaptation of zirconia 

frameworks made with CAM/CAD 

technique is clinically acceptable. From the 

point of view of resistance fracture, fixed 

restorations of the zirconia particle are 

capable of withstanding occlusal 

physiological forces in the posterior region. 

Clinical evaluations have shown that the 

clinical success of single restorations and 

zirconia bridges is excellent. It is similar to 

metal-ceramic restoration in terms of tooth 

preparation and cementing. Recently, 

surface preparation using simultaneous 

abrasion particle borne air and composite 

resin containing MDP-10 seems to be 

suitable for zirconia bonding. Despite the 

excellent clinical results in short-term 

research, we still need more clinical and 

laboratory studies to have long-term 

information about subzirconia restorations. 

 

2.2. Type of Cement for Cementation 

 

2.2.1. No Cement (Screw-Type 

Restorations). Unlike cement teeth 

restorations, screw-type restorations use 

screws to hold the teeth in place, which has 

several key advantages, including the ease of 

managing screw-retained reconstructions in 

the event of technical or biological 

complications, as crowns can be easily 

removed from the implant for further 

treatment, cleaning, or preparation. And, 

when removing the crown, the teeth are not 

damaged. Screw-type restorations are at a 

higher level in terms of implant hygiene than 

cemented dental restorations. Since the 

adhesive coatings which are attached to the 

implant are more likely to cause infection, 

inflammation, and even bone loss, and 

inflammation often occurs when some 

adhesive leaks around the gum line and 

causes allergies. Therefore, it seems that 

screw-retained restoration is more desirable 

in terms of the long-term stability of the 

implant as well as the tissues around the 

implant and the implant infrastructure. 

2.2.2. Temporary Cement. The decision to 

use temporary cement versus permanent 

cement is made based on the amount of 

retention required. In the case of implant-

based prostheses, the desirability of 

recyclability, ease of removal and cleaning 

of cement from the abutment, and the 

amount of retention required, affects the 

choice of cement type. The tensile strength 

of temporary cement must be such that they 

can withstand horizontal and vertical forces 

during operation, but they must also be weak 

enough to allow the prosthesis to be 

removed without damaging the abutment or 

implant. When using cement, an important 

issue is the removal of cement residues, 

which have been reported to cause peri-

implantitis when not removed properly. At 

the time of delivery of the final implant 
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prosthesis, the prosthesis is often cemented 

with temporary cement. The temporary 

cement must be fully solidified and provide 

a suitable and sufficient grip for the 

restoration to be able to hold the function 

properly. The use of implant-based 

prostheses with cement retention is increased 

due to the similarity of restoration methods 

for natural teeth, optimal occlusal 

adaptation, aesthetic enhancement, create 

disabled matching, ease of operation, low 

cost, disabled proper casting, less likely 

porcelain fracture, gradual loading, reduced 

crystal bone resorption, and role as a shock 

absorber. The biggest drawback of the 

cement retaining coating technique is the 

lack of a reliable average for retention. 

Another problem is the possibility of 

problems due to the inability to remove 

excess cement from the implant margin, 

which causes severe periodontal disease in 

80% of cases. Materials mentioned as 

temporary cement in dental sources include 

type I zinc oxide eugenol cement (ZOE) or 

unmodified ZOE cement, zinc oxide without 

eugenol (eugenol-free ZnO (EF-ZnO)), and 

compound dimethacrylate. Today, zinc 

oxide compounds are the most widely used 

in this field and are generally divided into 

two types: zinc oxide eugenol and zinc oxide 

without eugenol. Provisional cements are 

characterized by high solubility and exhibit 

poor tensile strength, which are 

advantageous while completing a 

provisional recementing or cementation a 

prosthesis that is linked to peri-implantitis. 

Retrievability of prosthesis is possible for 

provisional cements. Nonetheless, cement-

retained implant-supported prostheses 

possibly lose retention while using 

provisional cement. Based on a systematic 

review by Ma and Fenton, 17.6% loss of 

retention of cement-retained implant-

supported prostheses happened while using 

provisional cements. Table 1 addresses the 

characteristics of EFZnO and ZOE. 

 

2.2.3. Semipermanent Cements. Adequate 

retention is provided by semipermanent 

cements for resisting repeated 

decementation, and they allow for 

retrievability. Zinc phosphate (ZnP) and 

glass ionomer (GI) are regarded 

semipermanent cements while using with 

cement-retained implant-supported 

prostheses. Semipermanent cements 

decrease the risk of decementation than 

provisional cements. When a cement’s 

tensile strength is between provisional and 

permanent cements, it can be categorized as 

a semipermanent cement. GI and ZnP 

provide retrievability while using with 

zirconia or titanium abutments. A systematic 

review by Wittneben and Bragger showed a 

decementation rate of 0% for cement-

retained implant-supported prostheses than 

ZnP. ZnP and GI characteristics are provided 

in Table 2. 

 

(1) Glass Ionomer (GI). Glass ionomer 

cement has been used in dentistry for about 

thirty years. This cement is like silicate 

cement in appearance and workmanship and 

similar to polycarboxylate cement in terms 

of adhesion. The composition of glass 

ionomer cements is complex and diverse. 

Calcium fluor aluminosilicate is the main 

constituent of this cement. The three main 

components of glass ionomer cement used in 

dentistry are silica (SiO2), alumina (Al2O3), 

and calcium fluoride (CaF2), which, when 

bonded together, it forms a suitable glass 

structure for cement formation. In glass 

ionomer cement, the basis of the hardening 

reaction and the formation of cement is 

based on the acid-base reaction. The glass 

ionomer hardening reaction is a long-lasting 

comet reaction that lasts up to one month 

after material replacement. In fact, it can be 

said that glass ionomer is an unusual 

material with excellent properties and is 

different from other materials. It is 

semitransparent like tooth porcelain and 

sticks to tooth tissue. These materials adhere 

permanently to the enamel and dentin, which 

causes the seam between the material and 

the dental tissue to close almost completely, 

preventing the penetration of caries, thereby 

preventing secondary caries. Recently, it has 

been reported that these substances have the 

property of releasing fluoride for a long time 

and can absorb fluoride when exposed to 

fluoride solution, thus inhibiting the 

progression of caries in adjacent tooth tissue. 
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In fact, glass ionomer cement has the 

approval and basic properties such as 

biocompatibility with dental pulp, the ability 

to chemically bond to enamel and dentin, 

and release fluoride, which can play an 

important role in inhibiting bacterial growth 

and caries progression. The release of glass 

ionomer cement fluoride seems to be the 

most likely reason for the inhibitory effect 

on acid production. The availability of 

fluoride from glass ionomer cement is 

controlled by pH, which is controlled by 

salivary phosphate and proteins. In general, 

glass ionomers are widely used in the 

restoration of dental structures in clinical 

dentistry. 

 

 

 

 

(2) Zinc Phosphate (ZnP). Zinc phosphate 

cement was introduced in the year 1880 and 

has been used successfully in dentistry since 

then. This cement is prepared by combining 

liquid phosphoric acid and powder 

containing zinc oxide and magnesium oxide. 

Although its use has declined with the 

introduction of other types of cement, this 

type of cement is still available in many 

countries. Zinc phosphate cement has no 

chemical bond to dental structures and has 

medium compressive strength (62 to 101 

MPa), low tensile strength (5 to 7 MPa), and 

high solubility (0.36%). After mixing, its pH 

is low, and about 2 and after 24 hours, it 

reaches 5.5. Despite the low pH of this 
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cement, it has been reported that it has no 

irritating effect on the pulp and it is 

biocompatible. Due to the long history of 

using zinc phosphate cement, it is considered 

the golden standard of cement, and other 

types of cement are compared with it. 

Increasing the pH over time in zinc 

phosphate cement and decreasing fluoride 

release in glass ionomer cement can be the 

reason for the decrease in antibacterial 

properties. Also, an increase in pH in zinc 

phosphate cement occurs faster than a 

decrease in fluoride release in glass ionomer, 

and this may be the reason for the lower 

antibacterial activity of zinc phosphate 

cement than in glass ionomer. During a 

study, the antibacterial properties of seven 

types of cement (including RMGI, GI, 

composite resin, zinc phosphate, 

polycarboxylate zinc, ZOE, and zinc 

noneugenol oxide) against Streptococcus 

mutans were investigated, and it was 

observed that zinc phosphate cement showed 

the strongest antibacterial activity 

immediately after mixing compared to 

noneugenol, eugenol, and resin cement. Due 

to a passive fit of implant-supported fixed 

partial dentures (ISFPDs), an essential gap is 

observed between the intaglio and abutment 

of the retainer for preventing a pressure on 

the supporting implants. For ZnP retention 

on natural teeth, a thin film thickness can be 

favorable; however, it is not significant for 

implant-supported abutments. Due to metal-

to-metal marginal and internal gaps, ZnP 

solubility is a liability. This gap makes the 

cement exposed to oral fluids. When using 

ZnP as definite cement in multiple unit 

ISFPDs, ZnP cement dissolution may be 

seen. The cement dissolution of one or more 

retainers in a multiple unit ISFPD results in 

the transferring of the occlusal load toward 

the remaining retained units. Also, rotational 

force of the cement-retained implants may 

be observed; thus, the parafunctional and 

occlusal loads would be borne through the 

abutment-retained implants. Therefore, there 

is a risk for loss of integration, detrimental 

rotation, and overloading. ZnP cannot be 

indicated for ISFPDs or splints. Cement 

dissolution in single units may only involve 

recementation, when patients do not aspirate 

or swallow the crown. 

 

3. Periodontal Factors 

 

3.1. Peri-Implant Mucositis and Peri-

Implantitis. An inflammatory lesion can be 

developed when a bacterial biofilm develops 

near a dental implant. Peri-implant diseases 

as infectious diseases are caused by 

developing a bacterial biofilm attached to 

the surface of implant that affects the 

implant supporting tissues and is very 

similar to periodontitis. However, the teeth 

and dental implants are different because 

teeth are characterized by the periodontal 

ligament including blood vessels as well as 

lymphatic channels. On the contrary, 

titanium dental implants are directly attached 

to the bone, which has been named as 

“osseointegration.” 

 

3.2. Risk Factors. Placing implants in the 

maxilla in male subjects and also cases who 

had a history of periodontitis is considered 

as risk indicators. There are many other risk 

factors linked to the development of PID, 

like smoking, poor oral hygiene and excess 

of cement. The occlusal overload role as a 

single risk factor has not well identified, in 

spite of the indications suggesting that 

overload alone is not linked to tissue 

destruction as well as PID without plaque. 

Occlusal overload possibly is involved when 

associated with preexisting inflammation or 

plaque accumulation. Nonetheless, the 

information is not clear. 

 

3.3. Etiology and Diagnosis. An imbalance 

between the host defense and the bacterial 

load causes peri-implant disease (PID). To 

prevent and appropriately handle 

complications, the proper diagnosis of peri-

implant conditions (periimplant mucositis, 

peri-implant health, and peri-implantitis) is 

of great importance. Regular and routine 

examinations of cases with dental implants 

are used along with approved procedures for 

maintaining periodontal health. Detection of 

biological complications at a reversible and 

early stage can facilitate effective 

interception and prevent the progression of 
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peri-implant complications. Heitz-Mayfield 

defined the criteria for an accurate diagnosis 

of PID. According to them, radiographic 

assessment and probing were proposed as 

the primary diagnostic tools. A World 

Workshop on Periodontology (2018) 

reported bleeding on gentle probing as the 

main clinical characteristic of peri-implant 

mucositis, and it was stated that swelling, 

erythema, and/or suppuration may also be 

found. Periimplantitis sites show the same 

clinical signs of inflammation, and also there 

is an increase in the recession and/or probing 

depth of the mucosal margin and also 

radiographic loss of bone compared to 

previous examinations. The following 

definitions were obtained from a review 

article by Renvert et al. and a consensus 

report by Berglundh et al. The following 

items are required for the diagnosis of peri-

implant health: (1) No clinical signs of 

inflammation (2) No suppuration and/or 

bleeding on gentle probing (3) The absence 

of an increase in probing depth compared to 

previous examinations (4) No bone loss 

beyond crestal bone-level alterations caused 

by initial bone remodeling Diagnosis of peri-

implant mucositis requires the following (1) 

Presence of suppuration and/or bleeding on 

gentle probing with/without an increase in 

probing depth in comparison with previous 

examinations (2) No bone loss beyond 

crestal bone-level alterations caused by 

primary bone remodeling Diagnosis of peri-

implantitis needs the following: (1) Bleeding 

and/or suppuration on gentle probing (2) An 

increase in probing depth in comparison 

with previous examinations (3) Bone loss 

beyond crestal bone-level alterations caused 

by primary bone remodeling. 

 

3.4. Clinical Parameters 

 

3.4.1. Bleeding on Probing (BOP). Insertion 

of the probe to the depth of the envelope will 

cause bleeding if the gums are inflamed and 

the epithelium of the envelope is atrophic or 

injured. Noninflammatory areas rarely bleed. 

In most cases, bleeding during probing, as a 

sign of inflammation, is detected earlier than 

gum discoloration. However, nonbleeding 

discoloration may be observed during the 

probe. Depending on the severity of the 

inflammation, the bleeding can vary from a 

thin red line around the gingival sulcus to 

severe bleeding. After successful treatment, 

the bleeding stops during the probe. The 

Gingival Bleeding Index is used to screen 

for gingivitis and periodontitis, determine 

the prevalence of the disease, evaluate 

treatment outcomes, and determine disease 

progression. BOP, if performed as standard, 

is a reliable indicator of the health status of 

periodontal tissues. To test for bleeding 

during probing, the probe is carefully 

inserted into the depth of the envelope and 

gently moved laterally along the edge of the 

envelope wall. Sometimes the gums bleed 

immediately after the probe comes out; in 

some other cases, bleeding occurs after a 

few seconds. Therefore, the clinician should 

reexamine the bleeding 30 to 60 seconds 

after probe. As a single test, bleeding during 

the probe is not a good indicator of the 

progression of attachment loss. However, its 

absence is an excellent indicator for 

predicting the stability of periodontal status. 

Bleeding during probing can be a good 

indicator of progressive attachment loss 

when bleeding has occurred in several areas 

of the progressive disease. No BOP can 

indicate healthy soft tissue and a decreased 

chance of disease progression/development. 

A diagnosis of peri-implant health could 

predict maintenance of implants over 20 

years or more. Peri-implant disease can be 

prevented by early detection of inflammation 

around implant. The BOP presence can 

suggest soft tissue inflammation and is used 

clinically for distinguishing between peri-

implant mucositis or peri-implantitis and 

peri-implant health. 

 

3.4.2. Clinical Attachment Loss (CAL). The 

CAL is one of the primary symptoms of 

periodontal disease. Attachment loss is the 

apical migration of the dentogingival 

junction — periodontal attachment apparatus 

— the result of an inflammatory response 

due to the formation of oral biofilm (Fig. 1). 

The junction of teeth and gums consists of 

epithelial junctions and connective tissue 

junctions. The size of the junction of the 

teeth and gums is called the biological 
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width, and the average is 2.04 mm. Under 

healthy conditions, without loss of adhesion, 

connective tissue connectivity at the coronal 

side begins at the cementoenamel junction 

(CEJ), and epithelial connectivity is more 

coronal than connective tissue connectivity. 

In cases where there is a loss of adhesion, 

CEJ becomes apparent. CAL measures the 

amount of adhesion loss that occurs by 

reference to CEJ. The extent of clinical 

adhesion loss is the distance between the 

CEJ and the depth at which gingival crevice 

probing is possible. When the gingival 

margin is on the anatomical crown, CAL is 

the result of subtracting the distance between 

the gingival margin and the CEJ from the 

probing depth. If these two values are equal, 

the CAL will be zero. CAL is equal to the 

probing depth when the gingival margin is 

on the CEJ. When the gingival margin is at 

the apical CEJ, the CAL is greater than the 

probing depth, so in this case, the CAL 

(distance between the CEJ and the depth of 

the gingival groove with the possibility of 

probing) is equal to the sum of the gingival 

resorption values and the probing depth. 

Drawing the position of the gingival margin 

on the periodontal chart at the point where 

the probing depths are recorded helps to 

clarify this important point. In many dental 

office management software, CAL is 

calculated automatically by adding the 

values of analysis and probing depth. (is 

calculation is only accurate if both the depth 

of probing and the amount of analysis are 

entered correctly in the software. When the 

amount of analysis is not entered into the 

software, many assume that the CEJ is flush 

with the gingival margin and assume that the 

amount of clinical adhesion loss is equal to 

the depth of probing. (is calculation is not 

necessarily correct because many clinicians 

do not enter any value into the software 

when the CEJ is subclavian and invisible. 

Thus, the automatically calculated CAL 

should be reviewed and criticized before 

being used to aid in diagnosis. 

 

3.4.3. Probing Depth (PD). There are two 

different types of envelope depth, biological 

or histological depth, and clinical or probing 

depth. Biological depth is the distance 

between the gingival margin and the base of 

the gingival groove (the coronal end of the 

junctional epithelium) and can only be 

measured by very precise histological 

sections. Probing depth is the distance 

between the gingival margin and the depth 

of the groove with the possibility of probing. 

The degree of penetration of the probe 

depends on the shape and size of the probe 

tip, the force used to insert the probe, the 

strength of the tissue, the convexity of the 

crown, and the degree of inflammation of 

the tissue. The depth of probing is generally 

less than 3 mm in gingival health and greater 

than 3 mm in the presence of inflammation. 

In human periodontal pockets, the tip of the 

probe is inserted into the most coronal fibers 

of healthy and intact connective tissue 

attachments. In a periodontal pouch, a probe 

about 0.3 mm apically from the junctional 

epithelium penetrates into the connective 

tissue. This is important in assessing the 

difference in probing depth before and after 

treatment, as reduced probe penetration is 

more likely to be due to a reduced 

inflammatory response, rather than 

attachment gain. The depth of probing may 

change at different times, even in patients 

with untreated periodontal disease, due to 

changes in the position of the gingival 

margin. Therefore, the depth of probing may 

have nothing to do with connective tissue 

connections. Probing depths around implants 

are associated with the soft tissue height 

around the implant as well as the primary 

placement of the implant. The pocket depth 

is associated with where and how deep the 

implant is located in the jawbone. Therefore, 

peri-implant tissue health exists surrounding 

implants with different levels of bone 

support. Probing depths is needed to be 

dependent on reference to the depths while 

placing the implants in the oral cavity after 

the healing process. A force of 0.25 N is 

needed for probing to prevent damage to the 

peri-implant tissues and assess the presence 

of BOP, indicating the existence of 

inflammation in the peri-implant mucosa. It 

can predict no tissue support. PD should be 

examined regularly to detect BOP and 

suppuration and also to indicate an increase 

in depth, which is usually dependent on the 
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supporting bone and loss of attachment. 

Monitoring alterations in probing depth 

should be done for the diagnosis of peri-

implant conditions. Increasing pocket 

probing depth indicates disease progression. 

The design of the prosthetic reconstruction 

may make probing at implants difficult. It is 

very important that the prosthetic 

reconstruction allows both easy access for 

oral hygiene measures and access for 

accurate probing around the implant. It 

should be noted that there is a major risk for 

underestimating the probing depths at 

implants when probing is performed with the 

prosthetic reconstruction in place. 

 

 
 

3.4.4. Suppuration. Suppuration is caused 

by inflammation associated with neutrophil 

cell death in the soft tissues around the 

infected implants. Suppuration is a 

diagnostic factor for peri-implant disease, 

and its presence indicates the need for 

further evaluation and treatment. 

 

3.4.5. Radiographic Evaluation. Taking a 

radiograph is recommended in the presence 

of clinical signs of disease (suppuration, 

BoP, and deepening pocket), for evaluating 

the presence of bone loss. For measuring 

bone loss at the site of implant, the bone 

height should be compared between visits 

and also when the implant healed in relation 

to baseline conditions. Bone loss around 

dental implants can be measured through 

radiographs. Long-cone parallel 

radiographic projection methods can 

evaluate crestal bone-level alterations. 

Several variations in the extent of bone loss 

required for making a definition of peri-

implantitis have been suggested. An 

effective working threshold to diagnose 

periimplantitis can be bone loss at implants 2 

mm from the considered marginal bone level 

after early remodeling, which is called 

“biological bone remodeling”. When the 

implant type is known, the length of the 

implant thread pitch can be identified, which 

makes it possible to calibrate distances from 

the implant platform to bone-level contact 

(mm). In case of no previous radiographs, a 

bonelevel distance of more than or equal to 3 

mm apical to the most coronal part of the 

intraosseous part of the implant can indicate 

peri-implantitis. Therefore, it is essential to 

record radiographic and clinical data 

following prosthesis installation of implants 

for securing baseline criteria regarding the 

differential diagnosis of peri-implant 

diseases. It is essential to take radiographs 

regularly for assessing the possible elevation 

in bone loss. Therefore, there is no settled, 

official classification to distinguish various 

levels of severity of PID, like the 

classification for periodontal disease; 

however, in 2012, Froum and Rosen 

proposed a classification (Table 3). For 

estimating advanced peri-implantitis defects 

in lingual, facial, and proximal bony lesions, 

cone beam computed tomography seems an 

accurate diagnostic tool. In case of 

development of a radiographically 

radiolucent periapical lesion shortly 

following implant placement when the bone 

is osseointegrated in the coronal part of the 

implant, it is called retrograde peri-
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implantitis. A fistula can be developed in 

some cases. 

 

3.4.6. Gingival Recession (GR). The gums 

are part of the orthodontic canal that acts as 

a strong barrier against the penetration of 

stimuli into the periodontal tissue while 

covering the cervical region of the teeth and 

the alveolar appendages of the mandible and 

upper jaw. The normal position of the gums 

is 1–3 mm higher than the CEJ of the tooth, 

which moves to the CEJ over time. GR 

means moving of the edge of the gum from 

its normal position on the crown of the tooth 

to the lower levels relative to the CEJ. 

Gingival resorption can be localized or 

diffuse and usually increases with age. GR 

occurs because of a combination of 

etiological and predisposing factors. 

Predisposing factors include keratinized 

gingival insufficiency, iatrogenic factors, 

bone fractures, and improper placement of 

the tooth in the dental arch. Etiological 

factors include toothbrush damage, 

periodontal disease, ectopic frenum, and 

orthodontic treatment. Some dental 

treatments can make the site more prone to 

gingival recession, such as preparation of 

dental incision under the gums, casting 

procedures in which the gums are removed, 

restorations, and veneers that are placed 

under the gums, and dentures that are not 

designed properly and the placement of the 

clasp, which increases the accumulation of 

plaque around the base tooth, causes GR. 

However, one of the main causes of gingival 

recession is a gingival infection due to 

pathogenic bacteria after implantation, 

which can lead to implant destruction. When 

a gingival recession occurs, “envelopes” or 

gaps are created between the teeth and the 

gum line, making it easier to get the disease 

from existing bacteria. If left untreated, the 

supporting tissue and bone structures of the 

teeth can be severely damaged and can 

eventually lead to tooth loss. 

 

 
 
3.5. Microbial Profile. The peri-implant 

biofilm bacterial composition was very 

similar to that of the neighboring teeth 

indicating that the microbial flora on natural 

teeth can be served as the biofilm generation 

reservoir around implants. Also, the biofilm 

microflora qualitative composition in 

periimplantitis was very similar to that of 

periodontitis indicating why cases suffering 

from active periodontal disease are more 

prone to peri-implantitis. To support this 

theory, Kocar et al. assessed cases with 

partially edentulous and fully edentulous 

patients and reported that the peri-implant as 

well as periodontal sulci of partially 

edentulous patients were not different 

regarding the microflora and share the same 

periodontopathogenic species; however, none 

of these bacteria were detected in the peri-

implant sulci or the alveolar gingiva in 

patients with complete edentulous. Also, the 

existence of nonperiodontal microbial 

species, like Candida albicans, Pseudomonas 

aeruginosa, Staphylococcus warneri, and 

Staphylococcus aureus, has been reported 

around diseased implants. 

 

3.5.1. Porphyromonas gingivalis (P. 

gingivalis). Today, more than 700 bacterial 

species can be identified in samples taken 

from the oral cavity. P. gingivalis is a Gram-

negative, immobile, saccharolytic, rod-

shaped, forced anaerobic bacterium 

associated with the onset and progression of 

periodontal degradation. This bacterium is 

found in small amounts in the mouth of 

healthy people, and it can be harmful when it 

attaches to the tooth surface and, by covering 

the tooth surface, leads to the formation of a 

mixed biofilm, which eventually leads to the 
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spread of bacteria to the gingival fungus and 

forms the periodontal pocket. Inside it is 

crevicular fluid, which is an inflammatory 

secretory source of nutrients essential for the 

growth of P. gingivalis. The bacterium has a 

capsule that protects it against phagocytosis, 

also has fimbriae (for adhesion) and vesicles, 

and is able to produce a number of virulence 

factors. P. gingivalis is the first pathogen of 

chronic periodontitis and the second most 

common pathogen in invasive periodontitis. 

One of the reasons why this bacterium has 

attracted the most attention is its high ability 

to escape the immune response. It is also able 

to alter the immune response of the host, thus 

creating a favorable environment for its 

persistence and other pathogens. This 

bacterium causes the destruction of 

periodontal tissues by creating a number of 

virulence factors and extracellular proteases 

such as fimbria, lipopolysaccharide, 

gingipain, which is one of the main causes of 

periodontal diseases. Virulence factors of P. 

gingivalis play an important role in the 

formation of biofilm and oral microbial 

dysbiosis. It is also detectable in 85% of 

subgingival plaques in patients with chronic 

periodontitis. It is believed that this bacterium 

(even when it is in low abundance) is able to 

induce chronic periodontitis. It has also been 

shown that P. gingivalis is able to interact 

with Streptococcus gordonii to form dental 

plaque and binds to GAPDH and surface 

proteins on the surface of S. gordonii to form 

P. gingivalis biofilms on the tooth surface. 

LPS is one of the most important components 

in the wall structure of Gram-negative 

bacteria, including the periodontal pathogen 

P. gingivalis. P. gingivalis LPS plays an 

important role in pathogenesis in periodontal 

tissues. The virulence properties of P. 

gingivalis LPS is determined by its lipid A 

component. The host cells respond to P. 

gingivalis LPS lipid A and cause 

inflammatory responses in the gingival 

tissues, thereby creating a favorable 

environment for pathogens that lead to the 

progression of periodontal disease. Finally, it 

can be noted that P. gingivalis leads to 

inflammation and loss of alveolar bone in 

several ways, including upregulation of TLR2 

expression and proinflammatory cytokine, 

NF-ĸB pathway, the mitogenactivated protein 

kinase (MAPK) pathway. Table 3: Peri-

implant disease classification. Type 

Characteristic Early PD greater or equal to 4 

mm (suppuration and/or bleeding on probing) 

Bone loss of smaller than 25% of the length 

of implant Moderate PD greater or equal to 6 

mm (suppuration and/or bleeding on probing) 

Bone loss of 25–50% of the length of implant 

Advanced PD greater or equal to 8 mm 

(suppuration and/or bleeding on probing) 

Bone loss of greater than 50% of the length of 

implant 8 Advances in Materials Science and 

Engineering. 

 

3.5.2. Treponema denticola (T. denticola). 

T. denticola is a Gram-negative, motile, 

anaerobic bacterium associated with 

periodontal lesions. (is bacterium is more 

common in patients with severe periodontitis 

than in patients with healthy periodontitis or 

gingivitis. This microorganism produces 

proteolytic enzymes that can break down 

immunoglobulins (IgG, IgM, and IgA) and 

complement factors. The bacterium attaches 

to host cells and tissues, as well as matrix 

proteins and collagen-binding proteins and 

collagens that act as barriers to bone 

regeneration. It can also bind to other 

bacteria, including P. gingivalis or other 

bacteria involved in the periodontal 

formation, which can lead to bipolar and 

nutritional interactions. The high motility of 

this bacterium and the presence of proteolytic 

enzymes and cytolytic agents in it contribute 

to the possible invasive ability of treponemes. 

As periodontal treatment progresses, the 

depth of individual pockets and the amount of 

inflammation as well as the treponemal 

population decrease. T. denticola can cause 

periodontal disease in several ways: 

activation of IL, bone resorption, an inhibitor 

of superoxide production by leukocytes, 

enhancement of collagen phagocytosis by 

gingival fibroblasts, a monocyte-dependent 

suppressor for human lymphocyte response, 

suppression of fibroblast proliferation. Since 

the amount of T. denticola in plaque samples 

collected from deep pockets of patients with 

severe periodontitis is higher than healthy 

people or people with moderate disease, so it 

can be concluded that there is a positive and 
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significant relationship between T. denticola 

and severe periodontitis. T. denticola, like P. 

gingivalis, is found mainly in the plaque 

below the gums and is found in periodontal 

pockets more than 4 mm deep. In a mouse 

study of periodontal disease, T. denticola 

infection was found to induce alveolar bone 

resorption. It was later shown that acylated 

dual and triple synthetic lipopeptides, which 

preferentially activate the TLR2/6 and 

TLR2/1-dependent pathways, play a key role 

in stimulating alveolar bone loss in the mouse 

model. T. denticola is involved in the 

expression of several virulence factors. 

Among them can be the major surface protein 

(Msp), chymotrypsin-like protease (CTLP), 

and cellassociated lipooligosaccharide. These 

factors facilitate the integration of T. 

denticola within oral dental plaque biofilms 

as well as promoting its adherence and 

subsequent invasion into the host’s cells. 

Although T. denticola lacks a specific 

adhesive structure such as fimbriae, it is able 

to adhere to various surfaces of the oral 

cavity, including teeth, host soft tissue, and 

microbes in plaque biofilms by various other 

factors, including Msp, lipooligosaccharide, 

and CTLP. This bacterium is able to penetrate 

the epithelial cell by disrupting tight cell 

connections. This penetration is facilitated by 

CTLP and the outer membrane. The 

immunomodulatory activity of T. denticola, 

which is facilitated by Msp and CTLP, is 

involved in its pathogenicity, including being 

able to elicit a strong antibody response in 

adult patients with invasive periodontitis. It 

also inhibits the chemotoxic activity of 

neutrophils and suppresses the properties of 

human peripheral mononuclear cells and 

fibroblasts. It can also be said that T. 

denticola exerts cytopathic activity against 

epithelial cells and fibroblasts that represent 

periodontal tissue, in which these cytopathic 

activities lead to vacuolization, membrane 

damage, cell detachment, loss of tight 

intercellular contact, inhibition of 

proliferation, and cytoskeletal 

rearrangements. 

 

3.5.3. Prevotella intermedia (P. Intermedia). 

P. intermedia is a short, immobile, Gram-

negative, pathogenic anaerobic, rod-shaped 

bacterium with a rounded end. This bacterium 

has the ability to communicate with other oral 

bacteria. Among other things, it is able to 

communicate with Peptostreptococcus and 

lead to a dentoalveolar infection by increasing 

the virulence factor. Various studies have 

shown that P. intermedia is associated with 

the incidence of acute necrotizing ulcerative 

gingivitis, pregnancy gingivitis, HIV-

associated periodontal lesions, and periapical 

abscess. In the oral cavity, P. intermedia, 

along with other pathogens, play an important 

role in the onset and subsequent development 

of polymicrobial periodontal disease. P. 

intermedia is visible in healthy and diseased 

periodontium, but its amount is higher in 

unhealthy periodontal than in healthy 

periodontal. P. intermedia can be removed 

from odontogenic abscesses, saliva, the 

tongue, as well as subgingival sites of healthy 

and sick people. According to a study by 

Maeda et al, the amount of P. intermedia in 

microbiological samples collected from the 

subgingival crevices or periodontal pocket 

was reported to be 71% in healthy individuals 

and 88% in patients with periodontal disease. 

As we know, periodontal tissue destruction 

occurs mainly through cytokines and 

inflammatory proteinases released by immune 

cells in response to pathogens. P. intermedia 

is able to destroy periodontal tissue through 

the expression of proinflammatory cytokines 

in human gingival epithelial cells and human 

periodontal ligament (hPDL) cells. Also, 

MMPs produced by host cells, along with 

other proteinases, are responsible for the 

connective tissue destruction in periodontitis. 

The results of a study by Zheng Wu et al. 

show that P. intermedia leads to the 

expression of MMP-9 in hPDL cells. In this 

way, it can also cause damage and destruction 

of periodontal tissue. It is also able to directly 

separate ECM components of the 

periodontium by proteinases and endotoxins 

and indirectly destroys periodontal tissues 

through one or more of the five host-

destroying pathways, including MMP 

pathway, osteoclastic bone resorption, 

phagocytic pathway, PMNserine proteinase 

pathway, and plasminogen-dependent 

pathway. Because the collagen degradation of 

unmineralized connective tissues and the 
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organic component of bone in inflamed 

periodontal tissues is likely to be mediated by 

MMPs, P. intermedia plays an important role 

in the loss of connective tissue during 

progression by rapidly inducing MMP-9 

expression. 
 

RESULTS AND DISCUSSIONS 

Replacement of missing teeth or part of a 

tooth that has been lost for various reasons 

has long been a problem in human societies 

that today can be compensated by using a 

variety of ceramic and metal castings or 

ceramic alone. But the successful 

implementation of such treatment requires 

compliance with a set of principles and 

methods of treatment. And, the ultimate goal 

of the dentist is to perform proper restoration 

without damaging the healthy periodontal 

tissue. Since hygiene is one of the most 

important conditions for proper restoration 

and attracting positive feedback from 

patients, the use of a material that reduces 

plaque accumulation can be an important 

treatment to prevent periodontal disease (Fig. 

2). The increasing acceptance of dental 

implants can be explained by further 

development in both technical and biological 

aspects. At present, patients and dentists have 

a wide range of techniques and 

reinforcements, types of implants, and 

artificial structures to choose from. In this 

regard, it should be noted that decisions about 

the types and materials of superstructures can 

have a significant impact on the outcome of 

implant treatment. There are basically two 

types of infrastructure stabilization methods: 

cementation or screw retention. Both methods 

have been clinically and longterm use proved. 

However, the advantages and disadvantages 

of these methods are discussed among 

physicians. Periodontal examination and 

proper diagnosis are essential for intelligent 

treatment. The first step in periodontal 

diagnosis is to diagnose the disease. Probing 

around the implants is part of the examination 

and diagnosis. Then, the type, extent, and 

severity of the disease are determined with 

the help of various indexes, and at the end, it 

is time to identify the underlying pathological 

processes and their cause. Complete probing 

of periodontal pockets and measuring the 

depth of probing before, during and after 

treatment is essential for the diagnosis and 

monitoring of periodontal disease. In the 

present study, various clinical parameters 

such as BOP, PD, GR, and CAL were 

investigated. Probing is one of the most 

important and reliable parameters in the long-

term examination of the soft tissue of the 

implant. Prospective studies also emphasize 

that, like natural teeth, lack of blood during 

probing has a high negative predictive value 

and can be an indicator to predict the stability 

of the tissues around the implant. The clinical 

picture that distinguishes periodontitis from 

gingivitis is the presence of clinically 

detectable attachment loss in the 

periodontium. This condition is usually 

accompanied by the formation of a pocket 

and changes in the density and height of the 

adjacent alveolar bone. In some cases, 

gingival resorption may occur with 

attachment loss. Therefore, if PD is measured 

without CAL measurement, the progressive 

disease remains hidden and undiagnosed. One 

of the risk factors for periodontal disease is 

mainly Gram-negative bacteria. Periodontal 

pathogens that have attracted the most 

attention of researchers in recent years 

include P. gingivalis, T. denticola, and P. 

intermedia. There is evidence that these 

bacteria are responsible for, or in some way 

related to, the attachment loss, especially in 

periodontitis. Evidence suggests that other 

microorganisms may also be involved in 

periodontitis. Although these pathogens are 

necessary for periodontitis, their presence is 

not sufficient for this purpose. 
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A risk score was calculated from the sum 

of the scores for each predictor to estimate 

the likelihood of peri-implant disease, shown 

in Table 4. Risk groups were established 

using the total score for each patient and 

separating them into four categories of risk 

for peri-implant disease: low risk, moderate 

risk, high risk, and very high risk (Table 4). 

The distribution of patients across risk 

groups was 102 patients with low risk 

(28.9%), 68 patients with moderate risk 

(19.3%), 77 patients with high risk (21.8%), 

and 106 patients with very high risk (30%) 

(Table 5). The incidence of peri-implant 

disease in the cohort was 24.1% (n = 85 

patients). The distribution of peri-implant 

disease according to the groups of risk was 

two patients with moderate risk (2.9%), 

patients with high risk (28.6%), and 61 

patients with very high risk (57.5%). 

Risk scores are presented in Fig. 3. These 

scores can be used to obtain predictions for 

individual patients. As an example, we will 

examine a 59 year-old female with no 

history of periodontitis who was a non-

smoker and who was rehabilitated with a 

three-unit implant-supported rehabilitation 

(three implants of 7 mm in length, positions 

#44–#46) that were restored using metal–

ceramic material. At baseline (one year of 

follow-up) bacterial plaque and bleeding 

were present, and the bone level was located 

on the implants’ coronal third (Fig. 3), 

which produces a total score of 8 points and 

puts her in the very high-risk profile. 



Romanian Journal of Medical and Dental Education 

Vol. 11, No. 2, March-April 2022 

 

51 

 

 

 

 



Romanian Journal of Medical and Dental Education 

Vol. 11, No. 2, March-April 2022 

 

52 

 

 

Univariate logistic regression 

associations between study variables and 

implant failure indicated that variables 

associated with implant failure (P , .001) 

included current tobacco use, heavy alcohol 

consumption, use of postoperative 

antibiotics, and implant diameter. Moreover, 

in the multivariate regression model with 

age, gender, bone graft, and number of 

placed implants included in the analysis, all 

variables already found related to implant 

failure in the univariate model remained 

statistically associated with implant failure. 

A summary of univariate and multivariate 

logistic regression results can be found in 

Table 6. 
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An analysis of risk indicators for changes 

in crestal bone level, as ameasure of bone 

loss (MBL), surrounding dental implants has 

been reported in this study. Furthermore, the 

impact of the choice of thresholds in 

determining prevalence of mucositis and 

peri-implantitis has been considered. 

Importantly, this private practice report 

includes conventional patients and sites as 

well as at risk patients and at risk sites, 

therefore, unlike controlled studies with 

stringent selection criteria, it may better 

reflect the expected outcomes in daily 

clinical practice. The following patient 

related risk indicators were found to be 

significant with regard to MBL: autoimmune 

disease, smoking and bisphosphonate use. 

Patients taking steroids for other chronic 

conditions were pooled, at the patient level, 

with patients having active autoimmune 

disease. The presence of steroid use or 

autoimmune disease had no impact on early 

bone scores but then showed increasing 

MBL over time (Fig. 4A). The effect on 

MBL may result from the impaired bone 

healing owing to the osteopenic effect of 

steroids or the immune suppression in a 

manner similar to that seen on the rate of 

periodontal disease in patients with 

rheumatoid arthritis. Furthermore, this may 

lead to the occurrence of sporadic infection 

events, which may have an outlier effect on 

average MBL; however, conclusions drawn 

were limited by the small sample of patients 

in this category. 

Regarding smoking, the results confirmed 

that heavy smoking can have a significant 

effect on MBL (Fig. 4B). However, this 

result may be limited by the low prevalence 

of heavy smokers, at less than 2%, which is 

low by international standards, but is the 

expected rate for a high socioeconomic 

status (SES) cohort in Canada. 

As previously published in this cohort 

and in other studies, bisphosphonate therapy 

for osteoporosis, did not impact survival. 

However it did pose as a significant risk for 

MBL over time (Fig. 4C). This is a unique 

finding in the literature and may reflect 

altered remodeling potential of bone, or it 

may also be the effect of a few outlier cases 

where sudden MBL was noted in some but 

not all bisphosphonate cases. Conclusions 

drawn are limited however as the duration or 

dose of bisphosphonate therapy was not 

recorded in this study. 

Interestingly, diabetes (pooled type 1 and 

type 2) was not found to have a significant 

effect on MBL. However, the majority were 

type 2 and the average follow-up was <4 

years, therefore some diabetic cases may yet 

succumb to further MBL. More patients and 

a longer follow-up time are needed to better 

assess this result. Similarly, a history of 

periodontal disease (pooled chronic and 

aggressive)was not found to have a 

significant effect on MBL in this study. 

However, the protocol for implant placement 

in periodontally involved patients was that 

the site of extraction had healed completely 

and thorough pre-surgical root planing and 

regular recall was established. Conclusions 

are limited by an average of 4 years follow-

up, whichmay not be enough to reflect the 

risk and that oral hygiene was not directly 

evaluated as a risk indicator, it was only 

observed indirectly via the soft-tissue IMI 

score

. 
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CONCLUSIONS 

1. Today’s knowledge states that maintaining 

soft tissue health is as important in the 

long-term maintenance and success of 

implants as osseointegration. Proper 

maintenance around the implant should be 

an important motivation for the dentist and 

the patient to prevent the disease, and this 

maintenance requires a series of 

knowledge about the causes of the disease. 

Usual maintenance of the tissues around 

the implant is vital but may be difficult for 

some patients. In this case, a reliable 

method in periodontal health should be 

used to prevent the effect of primary 

microbial accumulation on dental 

implants. In the present article, it is 

believed that, to minimize periodontal 

infections around fixed prosthetic 

restorations, physicians should be fully 

aware of the various microbial 

components and periodontal parameters. 

2. Within the limitations of this 

retrospective study it can be concluded 

that a tool that enables the five-year 

prediction of peri implant disease in 

patients with dental implants was 

validated. This tool could be used in 

implant dentistry to improve the 

prognosis for implant-supported 

restorations, providing a base for 

identifying patients at greater risk of peri-

implant disease and enabling a stricter 

control. Maintenance appointments of < 

six months or > six months did not 

influence the incidence of peri-implant 

disease when considering the matching of 

cases and controls by risk profile. 

3. Improving knowledge about the risk 

factors associated with implant failure is 

of clinical value in improving implant 
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treatment outcomes. Knowledge of 

patient-related factors may help the 

clinician in patient selection, treatment 

planning, and obtaining appropriate 

consent of a patient for treatment. Equally 

important, careful preoperative 

assessment of implant-based risk could be 

useful in confidently selecting the type, 

size, location, and number of implants 

and in precisely designing the prosthesis 

according to individual prosthetic 

requirements. In summary, this study 

identified smoking and alcohol 

consumption as risk factors for implant 

failure. It was also found that the use of 

postoperative antibiotics or wide-diameter 

implants may reduce implant failure. 
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