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ABSTRACT
Purpose: The aim of this review was to investigate

the potential impact of secondary etiological factors on the
development of peri-implant infections.

Results: During the review process we found suffi-
cient evidence to define the following factors as secondary
etiological factors for the development of peri-implantitis:
a history of periodontitis;  implant surface characteristics;
suprastructure characteristics; cemented restorations;  im-
plant-abutment connection; smoking; diabetes and peri-im-
plant mucosa characteristics.

Conclusion: To reduce the risk of peri-implantitis,
the following recommendations should be considered: (1)
in partially edentulous patients, implant treatment should
start after elimination of the periodontal infection and after
the establishment of a stable periodontal status; (2) implants
should be placed in areas where there is a minimum of 2 mm
of keratinized mucosa; (3) an internal implant-abutment
connection and screw-retained suprastructures are preferred;
(4) suprastructures should be planned carefully to facilitate
good oral hygiene; and (5) smoking cessation should be
promoted and (6) only patients with controlled diabetes
should undergo implant placement.

Keywords: peri-implantitis, peri-implant mucositis,
peri-implant infection,

BACKGROUND
Peri-implantitis is a biological complication of den-

tal implant treatment that is associated with the risk of im-
plant failure. Bacterial plaque is considered a primary
etiological factor in the development of the disease. It has
also been suggested that other circumstances and condi-
tions could contribute to a higher incidence of peri-
implantitis. The aim of this review was to investigate the
potential impacts of other factors on the development of
peri-implant infections.

REVIEW RESULTS
During the review process, we found sufficient evi-

dence to define the following factors as secondary etiological
factors for the development of peri-implantitis :

1. History of periodontitis
Periodontal disease is considered to be one of the

factors affecting marginal bone loss [1]. Many authors have

suggested that a history of periodontitis is one of the poten-
tial risk factors for the development of peri-implant infec-
tions [2-8]. The prevalence of peri-implantitis is higher
among patients with a history of periodontitis when com-
pared with patients without a history of periodontitis [9]. A
2.5-fold higher risk of developing peri-implantitis was found
in patients with a history of periodontitis [10]. According to
different studies, peri-implantitis is associated with a simi-
lar microbiota to that observed in periodontitis [11]. Bacte-
ria from the residual dentition could be translocated to den-
tal implants [12,13]. To reduce the risk of bacterial translo-
cation, the remaining dentition should be periodontally
healthy. Factors that can enhance periodontitis, such as
smoking and poor oral hygiene, could also contribute to the
risk of peri-implantitis development [11]. According to other
authors, a history of periodontitis and smoking has a no-
ticeable negative effect on the success of short dental im-
plants. The authors reported that peri-implantitis is the main
reason for short implant failure [14].

Periodontal pathogens have been found in subgingi-
val plaque in implants, even after mechanical debridement
[15,16]. To achieve long-term success, adequate periodon-
tal treatment must be performed before implant placement
[17]. The accuracy of periodontal treatment before and after
implant placement is a significant factor in maintaining the
health of peri-implant tissue [6].

2. Implant surface characteristics
Previous studies have shown that the characteristics

of the implant surface are related to the risk of developing
peri-implantitis [18]. Based on comparative studies evalu-
ating implants with comparable designs but different sur-
face topographies, it was concluded that the mean bone loss
around implants with a moderately rough and minimally
rough surface is less than that around rough implants. How-
ever, due to the multifactorial etiology of bone loss, the
effect of surface roughness alone on bone resorption and
the risk of peri-implantitis is limited and of minimal clini-
cal significance. In addition, there is a growing body of
evidence that some factors, such as a history of periodonti-
tis and smoking, lead to greater peri-implant bone loss [19].
According to Saulacic and Schaller, a rough surface of den-
tal implants does not lead to a higher risk of developing
peri-implantitis than that of placing implants with a ma-
chined surface [20]. Based on a retrospective study, it was
concluded that the incidence of peri-implant disease is sig-
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nificantly lower in implants with a laser-microgrooved col-
lar than that observed in implants without a laser-
microgrooved collar [21]. Mendonça et al. [22] reported a
lower marginal bone loss in the lower jaw around implants
with a rough collar compared to that around implants with a
machined surface collar. The study was conducted around
implants with an external hexagon connection. The authors
did not observe a relation between the rough collar and
reduced late marginal bone remodelling in the upper jaw.
When comparing minimally with moderately roughened
implants from clinical and microbiological points of view
in patients with a history of periodontitis, no significant
differences in the counts of key pathogens were found, but
less bone loss was observed around minimally roughened
implants after 5 years [23]. Rossi et al. [24] reported low
marginal bone loss around six-millimeter implants with a
moderately rough surface loaded with single crowns in the
distal region for at least 10 years. According to Amoroso et
al. [25], the adhesion of P. gingivalis to titanium is inhib-
ited by reducing the roughness of the surface. However, it
has been shown that positioning a smooth part of the im-
plant below the level of the marginal bone can lead to its
resorption [26].

3. Suprastructure characteristics
Prosthetic suprastructures should reduce plaque ac-

cumulation in order to minimize the risk of developing peri-
implantitis [17]. In a consensus report, Giovannoli et al.
[27] concluded that to reduce the risk of biological compli-
cations around implants; the following recommendations
should be followed: the crown margin should be located
supramucosally, especially when the implants are not placed
in the aesthetic area, and the prosthetic profile should favor
adequate plaque control and should allow the use of instru-
ments for interproximal oral hygiene. Poor marginal adjust-
ment of the suprastructure and extensive gingival imita-
tions may also be potential risk factors for the development
of peri-implant infection [7]. Over-contoured prosthetic res-
torations are considered a critical factor in the development
of peri-implantitis. Also, an emergence angle of e”30 de-
grees and a convex emergence profile are associated with a
greater incidence of peri-implantitis [28].  Katafuchi et al.
[29] came to a similar conclusion: in bone level implants,
an emergence angle above 30 degrees and a convex restora-
tion profile are risk factors for the development of peri-
implantitis. No significant relation has been observed be-
tween the crown/implant ratio and the prevalence of peri-
implantitis [28].

4. Cemented restorations
Subgingival cement residue seems to be related to peri-

implant mucositis, which could lead to the development of
peri-implantitis [30]. According to Linkevicius et al. [31], it
is more common for residual cement around implants to cause
peri-implantitis in patients with a history of periodontitis
compared with non-periodontitis patients. Excess cement in
the implant–mucosal interface leads to bleeding on probing
and, in some cases, to suppuration [32]. Korsch et al. [33]
conducted a study aimed at comparing the effects of different
luting cement on the peri-implant microflora. The authors
did not find cement excess or suppuration around implants

where zinc oxide eugenol cement was used. In 61% of pa-
tients in whom the suprastructures were fixed using methacr-
ylate cement, excess material was found. Suppuration was
observed in all implants with residual cement. In the meth-
acrylate cement group, suppuration was also found in 33% of
implants without excess cement. An analysis of microbial
samples showed the accumulation of oral pathogens in these
patients, despite the presence of excess cement. Significantly
fewer oral pathogens were observed in patients in whom fixa-
tion was performed using zinc oxide eugenol cement. An-
other study also found a strong trend toward the bacterial
invasion of methacrylate-based cement from opportunistic
species and pathogens [34]. Results of a retrospective study
on 71 patients with a total of 126 implants showed a remark-
ably large number of implants with excess methacrylate ce-
ment [32]. According to Dalago et al. [35], cemented restora-
tions are associated with a 3.6 times higher risk of develop-
ing peri-implantitis compared with screw-retained restora-
tions. The authors concluded that a history of periodontal
disease, cemented restorations, wear crown facets, and full-
mouth rehabilitation are risk factors for the development of
peri-implantitis, while the characteristics of implants are not
related to the disease. Screw-retained prostheses should be
preferentially used to avoid complications and to reduce the
risk of excess cement [27].

5. Implant–abutment connection
According to a previous review, there is an obvious

association between the implant-abutment connection and
bacterial leakage [36]. Quirynen and van Steenberghe [37]
observed a significant amount of microorganisms on the
apical portion of the abutment screw. As a possible cause,
the authors suggested a leakage at the implant-abutment
interface. In vitro and in vivo studies demonstrated that the
characteristics of an implant-abutment connection influence
the risk of bacterial colonization of the implant-abutment
interface. Although there is a possible relation between bac-
terial colonization of the implant-abutment interface and
crestal bone loss during the early phases of implant treat-
ment, an evident association of initial marginal bone loss
with the development of peri-implant disease was not estab-
lished [38]. All types of implant-abutment connections have
demonstrated a known micro-gap and bacterial micro-leak-
age, but conical and mixed connection systems appear to
have some advantages in this regard [36]. Sanz et al. [39]
concluded that implant dentistry should be focused on us-
ing customized polished abutments and an internal implant-
abutment connection.

According to Göthberg et al. [1], marginal bone loss
is affected by the type of connection. Kim et al. [40] com-
pared marginal bone loss in implants with an external con-
nection and with an internal connection in the distal areas
in the absence of periodontitis or peri-implantitis in adja-
cent teeth or implants. The authors concluded that implants
with an internal connection have a more favorable bone
response with respect to the marginal bone level.

Based on a literature review, Sasada and Cochran [41]
reported a bone loss of 1.5 to 2.0 mm around bone-level
implants with butt-joint connections, as the micro-gap is
wide enough to allow bacterial penetration and coloniza-
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tion. In implants without an interface, such bone loss was
not observed, because of the absence of a contaminated in-
terface at the marginal bone level. Many studies have dem-
onstrated the advantage of platform-switched implants in
regard to marginal bone resorption, as they are related to a
significantly different biological response. Previous publi-
cations have suggested that contamination of an implant-
abutment connection might have an impact on the develop-
ment of peri-implantitis and on the likelihood of implant
failure [41].

When studying the distribution and density of in-
flammatory cells around implants with supracrestal, crestal,
and subcrestal locations of the implant-abutment interface,
the following was observed: subcrestal interfaces were as-
sociated with a significantly higher maximum density of
neutrophils around the implants than supracrestally located
interfaces [42].

6. Smoking
Smokers who undergo dental implant treatment have

a higher risk of developing peri-implantitis [43]. Smoking
affects the peri-implant microflora, even in healthy patients,
leading to a reduction in commensal species and an increase
in pathogens. The transition from a state of health to peri-
implant mucositis and peri-implantitis differs in smokers,
as additional enrichment of the microflora occurs [44]. Other
authors have also come to a similar conclusion [45]. Ac-
cording to a previous study, smoking and a history of peri-
odontitis are important risk factors for a more severe course
of peri-implantitis. It was suggested the combination of these
two risk factors does not further increase the severity of peri-
implantitis compared with the presence of each of them
alone. Early diagnosis and proper treatment of peri-
implantitis are essential in patients with a history of peri-
odontitis and in smokers to minimize the risk of peri-
implantitis [7]. Other authors have also commented on the
higher incidence of peri-implantitis in patients with peri-
odontitis and smokers [46]. Romanos et al. [47] concluded
that careful selection of patients and control of systemic
factors such as smoking and diabetes, combined with exact
surgical and prosthetic planning, permits better prevention
and infection control. Another study also commented on
the impacts of smoking and diabetes, concluding that both
factors are associated with the development of peri-implant
infection [48]. Smoking significantly alters the salivary
Gram-positive bacterial microflora, including pathogens
that are potentially important in the pathogenesis of dis-
eases such as periodontitis and peri-implantitis [49].

7. Diabetes
The risk of developing peri-implantitis is higher in

patients with uncontrolled diabetes and cardiovascular dis-
ease [46]. According to a systematic literature review, dia-
betes is associated with a higher risk of developing peri-
implantitis, regardless of smoking status [50]. Other studies
also support the opinion that diabetes influences the devel-
opment of peri-implantitis [47, 48, 51, 52]. According to
Schwarz et al. [53], data suggesting that smoking and dia-
betes are potential risk factors for peri-implantitis are in-
conclusive. In a systematic literature review, it was con-
cluded that patients with poorly controlled diabetes have

impaired osseointegration, an increased risk of peri-
implantitis, and a higher rate of implant failure [54].

8. Peri-implant mucosa characteristics
According to a systematic literature review, the

amount of keratinized mucosa around an implant has a small
impact on soft tissue inflammation in the presence of ad-
equate oral hygiene. Suboptimal oral hygiene as a result of
difficult access to plaque control in areas with a minimal
amount of keratinized mucosa may cause greater tissue dam-
age. The presence of less than 2 mm of keratinized mucosa
is associated with peri-implant discomfort during brushing
as well as the development of plaque and inflammation [55].
Other authors came to the conclusion that a lack of kerati-
nized mucosa around implants is related to plaque accumu-
lation and soft-tissue recession, even when the patients ex-
ercise good oral hygiene and receive proper supporting peri-
odontal therapy [56]. The presence of less than 2 mm of
keratinized mucosa around implants in patients who do not
regularly participate in maintenance is associated with peri-
implant disease [57]. In a study whose aim was to observe
the relationship between peri-implant soft tissue biotypes
and peri-implantitis severity, it was concluded that a thin
biotype might be a predisposing factor for increased peri-
implantitis severity. Patient collaboration on maintenance
therapy and the presence of periodontitis may be important
indicators of the risk of peri-implantitis progression in im-
plants in which the keratinized mucosa is thin or absent
[58]. In a systematic literature review, Brito et al. [59] con-
cluded that a sufficient amount of keratinized mucosa may
be required, as it has been shown to be associated with bet-
ter peri-implant tissue health. In a consensus report on the
surgical treatment of peri-implantitis, it was concluded that
the best approach to optimize the width of the keratinized
attached mucosa and to reduce plaque and bleeding scores
as well as to maintain a stable level of marginal peri-im-
plant bone is to use an apically positioned flap combined
with a free gingival graft [60]. Increased buccal soft tissue
thickness was found to be associated with the lower mar-
ginal bone loss [1]. Giovannoli et al. [27] recommended the
correction of soft-tissue defects and preservation of a mini-
mum amount of non-mobile keratinized mucosa to main-
tain peri-implant health. According to Boynueðri et al. [61],
a sufficient width of keratinized mucosa may be essential
for plaque control, and plaque is associated with peri-im-
plant mucosal lesions.

CONCLUSION
Based on this literature review, it can be concluded

that certain factors could increase the risk of developing
peri-implantitis. A history of periodontitis, smoking, diabe-
tes, an inadequate amount of keratinized mucosa around
dental implants, as well as the characteristics of the implant-
abutment connection and the suprastructure could be con-
sidered to be secondary etiological factors for the develop-
ment of peri-implant infection. The data about the role of
the implant surface topography are controversial. Among
the above mentioned factors, a history of periodontitis and
cemented suprastructures seem to have the greatest associa-
tions with the occurrence of biological complications. To
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reduce the risk of peri-implantitis, the following recommen-
dations should be considered: (1) in partially edentulous
patients; implant treatment should start after elimination of
the periodontal infection and after the establishment of a
stable periodontal status; (2) implants should be placed in
areas where there is a minimum of 2 mm keratinized mu-

cosa; (3) an internal implant-abutment connection and
screw-retained suprastructures are preferred; (4)
suprastructures should be planned carefully to facilitate
good oral hygiene, and (5) smoking cessation should be
promoted, and (6) only patients with controlled diabetes
should undergo implant placement.
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