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Abstract Peri-implantitis is an inflammatory condition induced by bacterial biofilm that affects the

soft and hard tissues surrounding dental implants, compromising the success of implant therapy.

Recent studies have highlighted the potential links between peri-implant health and systemic inflam-

mation, including uncontrolled diabetes mellitus, psychological stress, cardiovascular disease, obe-

sity, and infectious diseases such as COVID-19. As an inflammatory disease, peri-implantitis may

trigger systemic inflammation by elevating circulating levels of pro-inflammatory cytokines, which

could have unknown impacts on overall health. While the relationship between periodontal health

and systemic conditions is better understood, the association between peri-implant disease and
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Systemic disease
 systemic inflammation remains unclear. Therefore, this comprehensive review aims to summarize

the most recent evidence on the relationship between peri-implantitis and systemic inflammation,

focusing on biological complications, microbiology, and biomarkers. This review aims to enhance

our understanding of the links between peri-implantitis and systemic inflammation and promote

further research in this field by discussing the latest insights and clinical implications.

� 2023 The Authors. Production and hosting by Elsevier B.V. on behalf of King Saud University. This is

an open access article under theCCBY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Background

Dental implants have become a pivotal part of the dental prac-

tice for replacing missing or failing dentition, as they offer
excellent long-term results (French et al., 2015). However, clin-
icians are becoming more aware of epidemiological studies

reporting on peri-implant inflammatory diseases, specifically
peri-implantitis (Afrashtehfar et al., 2022a). The prevalence
of peri-implantitis has been reported to be as high as 56%,

and the reported prevalence widely ranges from 12% and
43% (Zitzmann and Berglundh, 2008; Romandini et al.,
2021). This difference in reported prevalence is due to the

lack of strict diagnostic criteria and case definitions of the dis-
ease (Afrashtehfar and Esfandiari, 2017; Berglundh et al.,
2018a).

Peri-implantitis occurs in the hard and soft tissues sur-

rounding dental implants, similar to periodontitis around nat-
ural teeth. It typically results in adverse biological effects, such
as bleeding on probing (BoP), suppuration, progressive bone

loss (MBL) beyond physiological remodeling, and eventually,
a catastrophic complication electing implant removal (i.e.,
explantation) (Salvi et al., 2022; Roccuzzo et al., 2023). A large

body of evidence supports that peri-implant inflammatory dis-
eases are biofilm-initiated infectious diseases and that biofilm
control is essential for the health of surrounding tissues
(Salvi et al., 2012; Berglundh et al., 2018b). Although the ini-

tiation of the disease is biofilm-induced, other systemic factors
should always be taken into consideration during the treat-
ment planning process and the maintenance of peri-implant

health. Owing to the microbiological biofilm characterization
that initiates the disease, the hypotheses that the periodontal
pocket can lead to systemic circulation if breached, this could

also stand true in regard to the peri-implant sulcus in disease,
as it has been established that this soft tissue-implant interface
is weaker than its counterpart around natural dentition
(Berglundh et al., 2011; Ivanovski and Lee, 2018). This infiltra-

tion through the sulcular epithelium results in an inflammatory
response with the recruitment of polymorphonuclear neu-
trophils (PMNs) and monocytes/macrophages (MMs), which

could be drastic in terms of the production of proinflammatory
cytokines and elicit systemic inflammation (Berglundh et al.,
2011; Berglundh et al., 2018a). Efforts have been made to

investigate the differences in biomarkers between periodontitis
and peri-implantitis sites in the same individual; interestingly,
the diseased sites in the same individual, whether being an

implant or tooth site, presented with elevated levels of similar
cytokines (Jansson et al., 2021).

Although some risk factors/indicators, such as smoking,
history of periodontitis, and diabetes mellitus (DM), have been

investigated regarding peri-implantitis, evidence is still scarce
for systemic inflammation and peri-implant inflammatory dis-
eases. Thus, this study aimed to review the available evidence

that investigates peri-implant diseases and systemic
inflammation.

http://creativecommons.org/licenses/by-nc-nd/4.0/
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2. Inflammatory systemic conditions

2.1. Diabetes

Uncontrolled DM is known to result in subclinical chronic
inflammation, thus resulting in multiple inflammation-

mediated conditions, including but not limited to neuropathy,
nephropathy, and retinopathy. One such complication is peri-
odontal disease, which has been called ‘‘the sixth complication

of diabetes” (Loe, 1993). Due to some similarities between the
periodontal and peri-implant tissues, their relationship with
peri-implant diseases, namely, peri-implant mucositis and
peri-implantitis, has been explored in the literature. It has been

found that glycemic control could influence peri-implantitis
but not peri-implant mucositis (Monje et al., 2017).

In contrast, another clinical study examined the survival of

dental implants in patients with poor glycemic control (HbA1c
of 8% and above) at the time of implant placement. They
found that at 2 years, there was a 96.2% survival rate. It

was also noted that the only biological complication that
occurred was peri-implant mucositis (29.4% of implants),
and no peri-implantitis was reported (Eskow and Oates,
2017). Interestingly, a clinical study that assessed the perfor-

mance of hydrophilic implants placed in canine and molar sites
in patients with type II DM (DM-II) showed that poor glyce-
mic control at 1 year (having elevated levels of HbA1c [7.5 or

more]) did not negatively impact the survival of that specific
implant surface (Latimer et al., 2022). Nevertheless, these find-
ings must be interpreted with caution. The follow-up period

was short, and only one implant surface was used in the pop-
ulation of such a cohort study. Other studies have reported
that patients with uncontrolled DM could have a higher risk

of developing peri-implantitis compared to normoglycemic
patients (Tawil et al., 2008). Hence, this relationship must be
further investigated to establish direct causality.

When comparing these findings to the relationship between

periodontitis and uncontrolled DM/poor glycemic control,
solid evidence supports the relationship between the two con-
ditions. However, the relationship with peri-implant diseases

needs to be further understood. The bidirectional nature of
the relationship between periodontitis and DM has been estab-
lished (Lalla and Papapanou, 2011). Some studies have shown

that patients with hyperglycemia could have an odds ratio
(OR) of 2.5 for presenting periodontal disease (Katz, 2001).
This mechanism is explained by the presence of a hyperinflam-
matory state, which could exacerbate insulin resistance, thus

impairing glycemic control and the reparative capacity of the
body.

2.2. Hyperlipidemia

A pilot study that compared the lipid profile in patients with
healthy peri-implant tissues versus patients with peri-

implantitis found that patients with peri-implantitis were more
prone to have higher levels of leukocytes (i.e., white blood cells
[WBCs]), which could potentially result in more systemic

inflammation (Blanco et al., 2021). Another finding of that
study was that total cholesterol was also increased when com-
pared to individuals with healthy implants. The downregula-
tion of interleukin 10 (IL-10) was also of interest. Animal
and human studies have shown that IL-10 carries anti-
inflammatory properties, and its reduction could mean a
heightened state of inflammation (Blanco et al., 2021). Inter-

estingly, statin medications used for treating hyperlipidemia
have shown promising results in promoting dental implant
osseointegration in animal studies. However, these findings

have yet to be confirmed in humans (Tahamtan et al., 2020),
and further clinical studies are required to define their role in
modern dental implant practice.

In contrast, studies from the periodontal literature have
explored the effect of hyperlipidemia on periodontal health
and found that patients with hyperlipidemia present with
higher levels of periodontal indices (BoP, pocket depth

[PD], and plaque index [PI]), which could also be associ-
ated with an increase in IL-1 production (Fentoğlu et al.,
2009).

2.3. Obesity

Obesity is a chronic condition associated with multiple sys-

temic conditions, including but not limited to DM-II, hyper-
tension, cardiovascular diseases (CVDs), and some types of
cancer (Endalifer and Diress, 2020). As this inflammatory con-

dition could result in oral manifestations, the association
between obesity and peri-implant health has been an area of
interest in research. A cross-sectional study showed that peri-
implant BoP and MBL were increased in obese patients com-

pared to nonobese individuals (Abduljabbar et al., 2016).
These findings were further analyzed within the same study,
and they found that the levels of pro-inflammatory cytokines

(IL-1 and IL-6) were higher in the saliva of obese patients than
in that of nonobese patients (Abduljabbar et al., 2016). This
could further explain the presence of more obvious signs of

clinical inflammation in that group.
Other studies have also evaluated the serum C-reactive pro-

tein (CRP) levels, which are indicative of the inflammatory sta-

tus, and found that elevated CRP levels were associated with
peri-implant BoP in obese patients compared to nonobese con-
trols (Vohra et al., 2018). These findings correlate with what
has been reported in the literature regarding the relationship

between obesity and periodontitis. Obesity could impact peri-
odontal health and the progression of periodontal disease. This
mechanism could be explained by the insulin resistance that

develops in obese patients and the production of pro-
inflammatory cytokines by the adipose tissue, resulting in a
hyperinflammatory state and increased tissue breakdown

(Makki et al., 2013).

2.4. Depression and anxiety

The increased levels of psychological stress, depression, and
poor coping mechanisms for these conditions have been linked
to systemic diseases and inflammation, with evidence confirm-
ing increases in the levels of proinflammatory cytokines, such

as tumor necrosis factor alpha (TNF-a) and IL-6, in depressed
patients (Dowlati et al., 2010). Evidence for the association
between peri-implant diseases and the heightened levels of cir-

culating inflammatory cytokines is scarce. Some studies have
reported an increase in triglyceride and uric acid levels in sites
presenting with peri-implantitis when compared to healthy
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counterpart sites (Ustaoglu and Erdal, 2020). These findings
are associated with increased inflammation and, possibly,
increased breakdown of tissues. Remarkably, some groups

have also evaluated the effect of selective serotonin reuptake
inhibitor (SSRI) and serotonin and norepinephrine reuptake
inhibitor (SNRI) medications, which are used for managing

such conditions, on periodontal and peri-implant health and
showed that this type of medication could have a deleterious
effect on implant survival and peri-implant bone level (Wu

et al., 2014). A retrospective study conducted in a university
setting showed that patients on antidepressants were 4.3 times
more likely to have implant failure than patients who did not
take this type of medication (Hakam et al., 2021). This com-

bined effect of the condition and the medications used to treat
it should be considered when planning surgical implant ther-
apy to replace oral, dental, and facial structures.

More recent evidence shows an association between depres-
sion and periodontal disease, and stress and depression have
even been considered risk indicators for periodontal disease.

However, causality needs to be established to determine its
value in the initiation and progression of periodontal disease
(Genco and Borgnakke, 2013).

2.5. Cardiovascular diseases

There is emerging evidence that supports the notion that
CVDs have an impact on periodontal and peri-implant health

and vice versa. The biological plausibility of this relationship
could be explained by the migration of bacteria into the blood-
stream through the ulcerated epithelium of the periodontal and

peri-implant sulci, subsequently leading to atherogenesis,
which has been confirmed in animal studies (Kebschull et al.,
2010). A retrospective study reported that patients with a his-

tory of cardiovascular diseases have an odds ratio of 8.7 for
peri-implantitis after adjusting for other confounding factors,
such as age, smoking, and sex (Renvert et al., 2014).

Van Dyke et al. assessed the relationship between peri-
odontal inflammation and major cardiovascular events and
suggested that periodontal inflammation leads to increased
arterial inflammation, subsequently causing atherosclerotic

diseases (Van Dyke et al., 2021). These findings were also
investigated in longitudinal human studies, which showed
that a decrease in the progression of atherosclerosis was asso-

ciated with an improvement in periodontal health
(Desvarieux et al., 2013; Hajishengallis, 2015). Further evi-
dence from a systematic review on the association between

cardiovascular diseases and periodontitis and peri-
implantitis (Froum et al., 2020) indicated that the literature
supporting the hypothesis that CVDs cause peri-implantitis
or vice versa is weak, and more studies are needed to further

understand this mechanism.

2.6. Coronavirus disease 2019

Ever since the start of the coronavirus disease 2019 (COVID-
19) pandemic originated by the severe acute respiratory syn-
drome coronavirus 2 and coronavirus disease 2019 (SARS-

CoV-2), many oral lesions have been reported in patients
infected with the virus. However, many of those lesions were
incidental findings by healthcare professionals. A differentia-

tion between lesions that were caused by the viral infection,
a secondary manifestation of the systemic condition, or an out-
come of treatment is yet to be known (Bhujel et al., 2021).

When it comes to periodontal health specifically, it has been

found that the SaRS-CoV-2 virus can be detected in the sub-
gingival environment of periodontitis patients (Natto et al.,
2022). However, a low sensitivity was reported by this method

as compared to nasopharyngeal swabs; this presentation
would likely be similar in the peri-implant sulcus. The implica-
tion of this finding yet to be fully explored, as it could have a

role in systemic inflammation. Interestingly, a case control
study reported that patients with untreated periodontal disease
could have an increased odd ratio (3.9) of developing life-
threatening symptoms due to the infection when compared

with treated periodontitis patients (Said et al., 2022). These
findings need to be researched further in order to establish a
relationship between the two diseases. Studies have reported

that both peri-implantitis and COVID-19 cause an upregula-
tion of IL-6 and these findings need to be further investigated
to establish a relationship between the two conditions (Han

et al., 2020; Rutkowski et al., 2020). Other factors to consider
are the stress related to the pandemic that may impact peri-
odontal and peri-implant health and the lack of regular main-

tenance appointments of the implant patient (Kadkhodazadeh
et al., 2020).

3. Other factors

3.1. Biomaterials

3.1.1. Titanium particles

Although titanium is considered a biocompatible material that

promotes osseointegration (Adell et al., 1981), recent findings
show that titanium particles could elicit an inflammatory
response in the surrounding soft tissue and bone, contributing

to peri-implantitis. This was investigated by Berryman et al.,
where they found that 90% of tissue specimens from areas
adjacent to peri-implantitis lesions present with titanium parti-

cles. The inflammatory reaction was further looked into, and
the areas with titanium particles presented with upregulation
of RANKL, IL-33, and TGF-B1, which could have a role in
the progression of inflammation and breakdown (Berryman

et al., 2020). These findings are of utmost importance as
healthy implants could present with titanium corrosion. In
contrast, compromised implants are frequently decontami-

nated with physical or chemical methods that have been shown
to produce surface alterations and disseminate titanium parti-
cles into the surrounding tissues (Kotsakis et al., 2021;

Romanos et al., 2021).
Consequently, these findings should be interpreted with

caution, as the current level of evidence cannot support or

refute the fact that titanium particles play a role in the progres-
sion of peri-implantitis. Zirconia implants have been recom-
mended as a solution to overcome the titanium particles’
potential risk; however, there is a need for long-term studies

(Cionca et al., 2017; Afrashtehfar and Del Fabbro, 2020).

4. Future diagnostics implications

Although clinical parameters such as probing depths, radio-
graphic interpretation, bleeding on probing, and suppuration
are widely accepted for diagnosing peri-implant conditions
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(Berglundh et al., 2018b; Monje et al., 2021), future research

should investigate reproducible minimally invasive methods
in diagnosing these conditions, and predicting their develop-
ment (De Ry et al., 2021).

Biomarkers are becoming more critical as they can be uti-

lized in many aspects of the treatment process (Fig. 1). This
can be achieved by measuring cytokine levels (salivary, gingi-
val crevicular fluid [GCF], and peri-implant crevicular fluid).

Multiple studies have reported the presence of IL-1, IL-6,
CRP, TNF-a, and other pro-inflammatory cytokines in sali-
vary samples. The presence of IL-6 in peri-implantitis patients

has been investigated, and the level increased when compared
to healthy implants was reported (Liskmann et al., 2006).
These techniques could also have a high value for prognostica-
tion purposes (Rakic et al., 2021; Afrashtehfar et al., 2022b,

Touyz and Afrashtehfar, 2017). For instance, some of the mea-
sured markers could estimate disease outcomes and a possible
response to treatment and guide clinicians during the treat-

ment process. Furthermore, studies that assess inflammatory
biomarkers around dental implants reported that there is an
increase in the levels of IL-6, TNF-a, IL-8, AGE, and RANKL

in peri-implantitis lesion when compared to healthy counter-
parts (Lv et al., 2022).

5. Future treatment implications

The resolution of peri-implantitis or peri-implant mucositis
will result in an implant in a state of health, thus, potentially

less systemic involvement and inflammation. In the mean-
time, the effectiveness of implant maintenance protocols
has shown to be as essential as periodontal maintenance
for the prevention and early detection of disease, even after

surgical treatment of peri-implantitis, as some studies have
shown that non-compliance to supportive therapy after surgi-
cal treatment could result in recurrence of the disease, and

eventual loss of the implant (Costa et al., 2012; Roccuzzo
et al., 2021).

An ample number of publications for peri-implantitis man-
agement use closed or surgical approaches with the adjunct use

of laser treatment, host modulation, probiotics, resective
approaches, or regenerative therapy (Bassetti et al., 2014;
Nevins et al., 2014; Tada et al., 2018; Laleman et al., 2020;

Monje et al., 2020;, Roccuzzo et al., 2020; Roccuzzo et al.,
2022). Nonetheless, clinicians must be cautious when choosing
a treatment modality, as most studies show promising results

but lack long-term follow-up (Bassetti et al., 2014; Froum
et al., 2016; Cosgarea et al., 2022). Therefore, more well-
designed trials with longer follow-ups are needed to determine
the feasibility and safety of the treatment approaches.

6. Final remarks

Based on the available evidence, it is clear that peri-implant
inflammatory diseases are primarily caused by biofilm forma-
tion. Thus, removing biofilms is essential for maintaining the
health of the surrounding tissues (Salvi et al., 2012;

Berglundh et al., 2018a). However, it is important to consider
other systemic factors during the treatment planning and
maintenance of peri-implant health. While it is challenging to

establish direct causality for peri-implantitis due to the diffi-
culty of isolating confounding factors, current research sug-
gests a correlation between inflammatory peri-implant

diseases and systemic inflammation.
It is worth noting that emerging evidence supports the asso-

ciation between systemic inflammation and peri-implant dis-
eases. However, further research is needed to fully

comprehend the connection between these conditions and
peri-implant infection. Future studies should determine the
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extent of the relationship between systemic inflammation and
peri-implantitis, focusing on the underlying mechanisms.

In summary, it is essential to recognize the role of biofilms

in peri-implant diseases and consider systemic factors during
the treatment planning and maintenance of peri-implant
health. The current evidence suggests a correlation between

inflammatory peri-implant diseases and systemic inflamma-
tion, but further investigation is needed to establish a causal
relationship (Fig. 1). As research in this field continues to

evolve, a better understanding of the pathophysiology of
peri-implant diseases and their systemic implications will lead
to improved treatment outcomes and better patient care.
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Fentoğlu, O., Oz, G., Tas�delen, P., et al, 2009. Periodontal status in
subjects with hyperlipidemia. J. Periodontol. 80, 267–273. https://

doi.org/10.1902/jop.2009.080104.

French, D., Larjava, H., Ofec, R., 2015. Retrospective cohort study of

4591 Straumann implants in private practice setting, with up to 10-

year follow-up. Part 1: multivariate survival analysis. Clin. Oral

Implant Res. 26, 1345–1354. https://doi.org/10.1111/clr.12463.

Froum, S.J., Dagba, A.S., Shi, Y., et al, 2016. Successful Surgical

Protocols in the Treatment of Peri-Implantitis: A Narrative Review

of the Literature. Implant Dent. 25, 416–426. https://doi.org/

10.1097/ID.0000000000000428.

https://doi.org/10.1016/j.cyto.2016.08.017
https://doi.org/10.1016/s0300-9785(81)80077-4
https://doi.org/10.1016/s0300-9785(81)80077-4
https://doi.org/10.1038/s41432-022-0835-9
https://doi.org/10.1038/s41432-022-0250-2
https://doi.org/10.1038/s41432-022-0250-2
https://doi.org/10.1016/j.prosdent.2019.05.017
http://refhub.elsevier.com/S1013-9052(23)00071-8/h0030
http://refhub.elsevier.com/S1013-9052(23)00071-8/h0030
http://refhub.elsevier.com/S1013-9052(23)00071-8/h0030
https://doi.org/10.1111/clr.12155
https://doi.org/10.1111/clr.12155
https://doi.org/10.1111/j.1600-051X.2010.01672.x
https://doi.org/10.1111/j.1600-051X.2010.01672.x
https://doi.org/10.1002/JPER.17-0739
https://doi.org/10.1111/jcpe.12957
https://doi.org/10.1016/j.sdentj.2019.09.008
https://doi.org/10.1016/j.bjoms.2021.06.011
https://doi.org/10.1016/j.bjoms.2021.06.011
https://doi.org/10.5051/jpis.2100920046
https://doi.org/10.5051/jpis.2100920046
https://doi.org/10.1111/prd.12180
https://doi.org/10.1111/jcpe.13762
https://doi.org/10.1111/jcpe.13762
https://doi.org/10.1111/j.1600-051X.2011.01819.x
https://doi.org/10.1111/clr.13828
http://refhub.elsevier.com/S1013-9052(23)00071-8/h0090
http://refhub.elsevier.com/S1013-9052(23)00071-8/h0090
http://refhub.elsevier.com/S1013-9052(23)00071-8/h0090
http://refhub.elsevier.com/S1013-9052(23)00071-8/h0090
http://refhub.elsevier.com/S1013-9052(23)00071-8/h0090
https://doi.org/10.1016/j.biopsych.2009.09.033
https://doi.org/10.1155/2020/6134362
https://doi.org/10.1155/2020/6134362
https://doi.org/10.1111/cid.12465
https://doi.org/10.1902/jop.2009.080104
https://doi.org/10.1902/jop.2009.080104
https://doi.org/10.1111/clr.12463
https://doi.org/10.1097/ID.0000000000000428
https://doi.org/10.1097/ID.0000000000000428


Systemic inflammation and peri-implantitis 449
Froum, S.J., Hengjeerajaras, P., Liu, K.Y., et al, 2020. The Link

Between Periodontitis/Peri-implantitis and Cardiovascular Disease:

A Systematic Literature Review. Int. J. Periodontics Restorative

Dent. 40, e229–e233. https://doi.org/10.11607/prd.4591.

Genco, R.J., Borgnakke, W.S., 2013. Risk factors for periodontal

disease. Periodontol 2000. 62, 59–94. https://doi.org/10.1111/j.

1600-0757.2012.00457.x.

Hajishengallis, G., 2015. Periodontitis: from microbial immune sub-

version to systemic inflammation. Nat. Rev. Immunol. 15, 30–44.

https://doi.org/10.1038/nri3785.

Hakam, A.E., Vila, G., Duarte, P.M., et al, 2021. Effects of different

antidepressant classes on dental implant failure: A retrospective

clinical study. J. Periodontol. 92, 196–204. https://doi.org/10.1002/

JPER.19-0714.

Han, H., Ma, Q., Li, C., et al, 2020. Profiling serum cytokines in

COVID-19 patients reveals IL-6 and IL-10 are disease severity

predictors. Emerg Microbes Infect. 9, 1123–1130. https://doi.org/

10.1080/22221751.2020.1770129.

Ivanovski, S., Lee, R., 2018. Comparison of peri-implant and

periodontal marginal soft tissues in health and disease. Periodontol

2000 (76), 116–130. https://doi.org/10.1111/prd.12150.

Jansson, L., Lundmark, A., Modin, C., et al, 2021. Intra-individual

cytokine profile in peri-implantitis and periodontitis: A cross-

sectional study. Clin. Oral Implant Res. 32, 559–568. https://doi.

org/10.1111/clr.13725.

Kadkhodazadeh, M., Amid, R., Moscowchi, A., 2020. Does COVID-

19 Affect Periodontal and Peri-Implant Diseases? J. Long Term

Eff. Med. Implants 30, 1–2. https://doi.org/10.1615/

JLongTermEffMedImplants.2020034882.

Katz, J., 2001. Elevated blood glucose levels in patients with severe

periodontal disease. J. Clin. Periodontol. 28, 710–712. https://doi.

org/10.1034/j.1600-051x.2001.028007710.x.

Kebschull, M., Demmer, R.T., Papapanou, P.N., 2010. ‘‘Gum bug,

leave my heart alone!”–epidemiologic and mechanistic evidence

linking periodontal infections and atherosclerosis. J. Dent. Res. 89,

879–902. https://doi.org/10.1177/0022034510375281.

Kotsakis, G.A., Black, R., Kum, J., et al, 2021. Effect of implant

cleaning on titanium particle dissolution and cytocompatibility. J.

Periodontol. 92, 580–591. https://doi.org/10.1002/JPER.20-0186.

Laleman, I., Pauwels, M., Quirynen, M., et al, 2020. The usage of a

lactobacilli probiotic in the non-surgical therapy of peri-implantitis:

A randomized pilot study. Clin. Oral Implant Res. 31, 84–92.

https://doi.org/10.1111/clr.13555.

Lalla, E., Papapanou, P.N., 2011. Diabetes mellitus and periodontitis:

a tale of two common interrelated diseases. Nat. Rev. Endocrinol.

7, 738–748. https://doi.org/10.1038/nrendo.2011.106.

Latimer, J.M., Roll, K.L., Daubert, D.M., et al, 2022. Clinical

performance of hydrophilic, titanium-zirconium dental implants in

patients with well-controlled and poorly controlled type 2 diabetes:

One-year results of a dual-center cohort study. J. Periodontol. 93,

745–757. https://doi.org/10.1002/JPER.21-0015.

Liskmann, S., Vihalemm, T., Salum, O., et al, 2006. Correlations

between clinical parameters and interleukin-6 and interleukin-10

levels in saliva from totally edentulous patients with peri-implant

disease. Int. J. Oral Maxillofac. Implants 21, 543–550.

Loe, H., 1993. Periodontal disease. The sixth complication of diabetes

mellitus. Diabetes Care 16, 329–334.

Lv, X., Zou, L., Zhang, X., et al, 2022. Effects of diabetes/

hyperglycemia on peri-implant biomarkers and clinical and radio-

graphic outcomes in patients with dental implant restorations: A

systematic review and meta-analysis. Clin. Oral Implant Res. 33,

1183–1198. https://doi.org/10.1111/clr.14010.

Makki, K., Froguel, P., Wolowczuk, I., 2013. Adipose tissue in

obesity-related inflammation and insulin resistance: cells, cytokines,

and chemokines. ISRN Inflamm. 2013, 139239. https://doi.org/

10.1155/2013/139239.

Monje, A., Catena, A., Borgnakke, W.S., 2017. Association between

diabetes mellitus/hyperglycaemia and peri-implant diseases: Sys-
tematic review and meta-analysis. J. Clin. Periodontol. 44, 636–648.

https://doi.org/10.1111/jcpe.12724.

Monje, A., Pons, R., Roccuzzo, A., et al, 2020. Reconstructive therapy

for the management of peri-implantitis via submerged guided bone

regeneration: A prospective case series. Clin. Implant Dent. Relat.

Res. 22, 342–350. https://doi.org/10.1111/cid.12913.

Monje, A., Amerio, E., Farina, R., et al, 2021. Significance of probing

for monitoring peri-implant diseases. Int. J. Oral Implantol. (Berl.).

14, 385–399.

Natto, Z.S., Afeef, M., Bakhrebah, M.A., et al, 2022. Can periodontal

pockets and caries lesions act as reservoirs for coronavirus? Mol.

Oral Microbiol. 37, 77–80. https://doi.org/10.1111/omi.12362.

Nevins, M., Nevins, M.L., Yamamoto, A., et al, 2014. Use of Er:YAG

laser to decontaminate infected dental implant surface in prepara-

tion for reestablishment of bone-to-implant contact. Int. J. Peri-

odontics Restorative Dent. 34, 461–466. https://doi.org/10.11607/

prd.2192.

Rakic, M., Pejcic, N., Perunovic, N., et al, 2021. A Roadmap towards

Precision Periodontics. Medicina (Kaunas) 57. https://doi.org/

10.3390/medicina57030233.

Renvert, S., Aghazadeh, A., Hallstrom, H., et al, 2014. Factors related

to peri-implantitis - a retrospective study. Clin. Oral Implant Res.

25, 522–529. https://doi.org/10.1111/clr.12208.

Roccuzzo, M., Fierravanti, L., Pittoni, D., et al, 2020. Implant survival

after surgical treatment of peri-implantitis lesions by means of

deproteinized bovine bone mineral with 10% collagen: 10-year

results from a prospective study. Clin. Oral Implant Res. 31, 768–

776. https://doi.org/10.1111/clr.13628.

Roccuzzo, A., Klossner, S., Stahli, A., et al, 2022. Non-surgical

mechanical therapy of peri-implantitis with or without repeated

adjunctive diode laser application. A 6-month double-blinded

randomized clinical trial. Clin. Oral Implant Res. 33, 900–912.

https://doi.org/10.1111/clr.13969.

Roccuzzo, A., Imber, J.C., Salvi, G.E., et al, 2023. Peri-implantitis as

the consequence of errors in implant therapy. Periodontol 2000.

https://doi.org/10.1111/prd.12482.

Roccuzzo, M., Mirra, D., Pittoni, D., et al, 2021. Reconstructive

treatment of peri-implantitis infrabony defects of various config-

urations: 5-year survival and success. Clin. Oral Implant Res. 32,

1209–1217. https://doi.org/10.1111/clr.13818.

Romandini, M., Lima, C., Pedrinaci, I., et al, 2021. Prevalence and

risk/protective indicators of peri-implant diseases: A university-

representative cross-sectional study. Clin. Oral Implant Res. 32,

112–122. https://doi.org/10.1111/clr.13684.

Romanos, G.E., Fischer, G.A., Delgado-Ruiz, R., 2021. Titanium

Wear of Dental Implants from Placement, under Loading and

Maintenance Protocols. Int. J. Mol. Sci. 22. https://doi.org/

10.3390/ijms22031067.

Rutkowski, J.L., Camm, D.P., El Chaar, E., 2020. AAIDWhite Paper:

Management of the Dental Implant Patient During the COVID-19

Pandemic and Beyond. J. Oral Implantol. 46, 454–466. https://doi.

org/10.1563/aaid-joi-D-20-00316.

Said, K.N., Al-Momani, A.M., Almaseeh, J.A., et al, 2022. Associ-

ation of periodontal therapy, with inflammatory biomarkers and

complications in COVID-19 patients: a case control study. Clin.

Oral Invest. 26, 6721–6732. https://doi.org/10.1007/s00784-022-

04631-6.

Salvi, G.E., Aglietta, M., Eick, S., et al, 2012. Reversibility of

experimental peri-implant mucositis compared with experimental

gingivitis in humans. Clin. Oral Implant Res. 23, 182–190. https://

doi.org/10.1111/j.1600-0501.2011.02220.x.

Salvi, G.E., Stahli, A., Imber, J.C., et al, 2022. Physiopathology of

peri-implant diseases. Clin. Implant Dent. Relat. Res. https://doi.

org/10.1111/cid.13167.

Tada, H., Masaki, C., Tsuka, S., et al, 2018. The effects of

Lactobacillus reuteri probiotics combined with azithromycin on

peri-implantitis: A randomized placebo-controlled study. J.

https://doi.org/10.11607/prd.4591
https://doi.org/10.1111/j.1600-0757.2012.00457.x
https://doi.org/10.1111/j.1600-0757.2012.00457.x
https://doi.org/10.1038/nri3785
https://doi.org/10.1002/JPER.19-0714
https://doi.org/10.1002/JPER.19-0714
https://doi.org/10.1080/22221751.2020.1770129
https://doi.org/10.1080/22221751.2020.1770129
https://doi.org/10.1111/prd.12150
https://doi.org/10.1111/clr.13725
https://doi.org/10.1111/clr.13725
https://doi.org/10.1615/JLongTermEffMedImplants.2020034882
https://doi.org/10.1615/JLongTermEffMedImplants.2020034882
https://doi.org/10.1034/j.1600-051x.2001.028007710.x
https://doi.org/10.1034/j.1600-051x.2001.028007710.x
https://doi.org/10.1177/0022034510375281
https://doi.org/10.1002/JPER.20-0186
https://doi.org/10.1111/clr.13555
https://doi.org/10.1038/nrendo.2011.106
https://doi.org/10.1002/JPER.21-0015
http://refhub.elsevier.com/S1013-9052(23)00071-8/h0195
http://refhub.elsevier.com/S1013-9052(23)00071-8/h0195
http://refhub.elsevier.com/S1013-9052(23)00071-8/h0195
http://refhub.elsevier.com/S1013-9052(23)00071-8/h0195
http://refhub.elsevier.com/S1013-9052(23)00071-8/h0200
http://refhub.elsevier.com/S1013-9052(23)00071-8/h0200
https://doi.org/10.1111/clr.14010
https://doi.org/10.1155/2013/139239
https://doi.org/10.1155/2013/139239
https://doi.org/10.1111/jcpe.12724
https://doi.org/10.1111/cid.12913
http://refhub.elsevier.com/S1013-9052(23)00071-8/h0225
http://refhub.elsevier.com/S1013-9052(23)00071-8/h0225
http://refhub.elsevier.com/S1013-9052(23)00071-8/h0225
https://doi.org/10.1111/omi.12362
https://doi.org/10.11607/prd.2192
https://doi.org/10.11607/prd.2192
https://doi.org/10.3390/medicina57030233
https://doi.org/10.3390/medicina57030233
https://doi.org/10.1111/clr.12208
https://doi.org/10.1111/clr.13628
https://doi.org/10.1111/clr.13969
https://doi.org/10.1111/prd.12482
https://doi.org/10.1111/clr.13818
https://doi.org/10.1111/clr.13684
https://doi.org/10.3390/ijms22031067
https://doi.org/10.3390/ijms22031067
https://doi.org/10.1563/aaid-joi-D-20-00316
https://doi.org/10.1563/aaid-joi-D-20-00316
https://doi.org/10.1007/s00784-022-04631-6
https://doi.org/10.1007/s00784-022-04631-6
https://doi.org/10.1111/j.1600-0501.2011.02220.x
https://doi.org/10.1111/j.1600-0501.2011.02220.x
https://doi.org/10.1111/cid.13167
https://doi.org/10.1111/cid.13167


450 N.M. Assery et al.
Prosthodont. Res. 62, 89–96. https://doi.org/10.1016/j.

jpor.2017.06.006.

Tahamtan, S., Shirban, F., Bagherniya, M., et al, 2020. The effects of

statins on dental and oral health: a review of preclinical and clinical

studies. J. Transl. Med. 18, 155. https://doi.org/10.1186/s12967-

020-02326-8.

Tawil, G., Younan, R., Azar, P., et al, 2008. Conventional and

advanced implant treatment in the type II diabetic patient: surgical

protocol and long-term clinical results. Int. J. Oral Maxillofac.

Implants 23, 744–752.

Touyz, L.Z.G., Afrashtehfar, K.I., 2017. Implications of bisphospho-

nate calcium ion depletion interfering with desmosome epithelial

seal in osseointegrated implants and pressure ulcers. Med.

Hypotheses 107, 22–25. https://doi.org/10.1016/j.

mehy.2017.07.013.

Ustaoglu, G., Erdal, E., 2020. Relationship between risk markers for

cardiovascular disease and peri-implant diseases. Int J Implant

Dent. 6, 73. https://doi.org/10.1186/s40729-020-00273-z.
Van Dyke, T.E., Kholy, K.E., Ishai, A., et al, 2021. Inflammation of

the periodontium associates with risk of future cardiovascular

events. J. Periodontol. 92, 348–358. https://doi.org/10.1002/

JPER.19-0441.

Vohra, F., Alkhudhairy, F., Al-Kheraif, A.A., et al, 2018. Peri-implant

parameters and C-reactive protein levels among patients with

different obesity levels. Clin. Implant Dent. Relat. Res. 20, 130–

136. https://doi.org/10.1111/cid.12556.

Wu, X., Al-Abedalla, K., Rastikerdar, E., et al, 2014. Selective

serotonin reuptake inhibitors and the risk of osseointegrated

implant failure: a cohort study. J. Dent. Res. 93, 1054–1061.

https://doi.org/10.1177/0022034514549378.

Zitzmann, N.U., Berglundh, T., 2008. Definition and prevalence of

peri-implant diseases. J. Clin. Periodontol. 35, 286–291. https://doi.

org/10.1111/j.1600-051X.2008.01274.x.

https://doi.org/10.1016/j.jpor.2017.06.006
https://doi.org/10.1016/j.jpor.2017.06.006
https://doi.org/10.1186/s12967-020-02326-8
https://doi.org/10.1186/s12967-020-02326-8
http://refhub.elsevier.com/S1013-9052(23)00071-8/h0310
http://refhub.elsevier.com/S1013-9052(23)00071-8/h0310
http://refhub.elsevier.com/S1013-9052(23)00071-8/h0310
http://refhub.elsevier.com/S1013-9052(23)00071-8/h0310
https://doi.org/10.1016/j.mehy.2017.07.013
https://doi.org/10.1016/j.mehy.2017.07.013
https://doi.org/10.1186/s40729-020-00273-z
https://doi.org/10.1002/JPER.19-0441
https://doi.org/10.1002/JPER.19-0441
https://doi.org/10.1111/cid.12556
https://doi.org/10.1177/0022034514549378
https://doi.org/10.1111/j.1600-051X.2008.01274.x
https://doi.org/10.1111/j.1600-051X.2008.01274.x

	Peri-implantitis and systemic inflammation: A critical update
	1 Background
	2 Inflammatory systemic conditions
	2.1 Diabetes
	2.2 Hyperlipidemia
	2.3 Obesity
	2.4 Depression and anxiety
	2.5 Cardiovascular diseases
	2.6 Coronavirus disease 2019

	3 Other factors
	3.1 Biomaterials
	3.1.1 Titanium particles


	4 Future diagnostics implications
	5 Future treatment implications
	6 Final remarks
	Funding
	CRediT authorship contribution statement
	Declaration of Competing Interest
	References


