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ABSTRACT

Introduction:Peri-implantitis is an inflammatory disease of the peri-implant tissues, associated with
progressive loss of supporting bone around osseointegrated dental implants. With the increasing number of
implant-prosthetic treatments, the prevalence of this condition has become a major concern in clinical
dental practice. The etiopathogenesis of peri-implantitis is closely related to bacterial colonization of the
implant surface, particularly by Gram-negative anaerobic species, through a mechanism comparable to that
of periodontitis. Established risk factors include a history of periodontal disease, poor oral hygiene,
smoking, uncontrolled diabetes mellitus, and occlusal overload.

Diagnosis is based on correlating clinical parameters—bleeding on probing, peri-implant pocket depth, and
the presence of suppuration—with radiographic evidence of marginal crestal bone changes. Distinguishing
peri-implant mucositis from peri-implantitis is essential for selecting an appropriate therapeutic strategy.
Sources: An electronic search was conducted using terms related to “peri-implantitis,” “therapeutic
protocol,” and related concepts via PubMed and Google Scholar, prioritizing highly cited articles according
to predefined inclusion and exclusion criteria, as well as review articles and the authors’ personal
experiences. This review does not adhere to PRISMA guidelines nor does it include a formal risk-of-bias
assessment, given its narrative format. The aim of the present study was to analyze the current literature on
the treatment of peri-implantitis.

Conclusions: The current therapeutic armamentarium includes non-surgical methods (mechanical
debridement, local antiseptics, systemic antibiotic therapy, Er:YAG laser treatment, photodynamic therapy)
and surgical methods (resective surgery, regenerative surgery using bone grafts and membranes,
implantoplasty). Recent literature supports the need for a sequential and individualized approach focused
on implant surface decontamination and control of risk factors.

At present, there is no universally accepted therapeutic protocol; however, effective management of peri-
implantitis requires a multidisciplinary approach and a rigorous long-term maintenance program.

Keywords: peri-implantitis, etiopathogenesis, bacterial biofilm, peri-implant bone loss,
peri-implant mucositis, risk factors, implant surface decontamination, regenerative
therapy, dental implants
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Introduction

Dental implants have become one of the
most widely used and predictable
options for replacing missing teeth
worldwide, with substantial benefits for
masticatory function, aesthetics, and
overall quality of life. As the number of
implants placed each year continues to
rise and clinical indications expand, the
incidence of implant-related biological
complications has also increased.
Among these, peri-implantitis is of
particular clinical relevance due to its
potential to compromise peri-implant
tissue stability and jeopardize the long-
term success of implant therapy.

Peri-implantitis is an irreversible
inflammatory disease of the tissues
around an implant that results in
progressive peri-implant bone loss,
increasing probing depths, and may

present with suppuration.[1-3]

The differentiation of peri-implantitis
from other inflammatory periodontal
conditions cannot be reliably established
through the analysis of human salivary

biomarkers, including osteocalcin,
tartrate-resistant  acid  phosphatase
(TRAP), Dickkopf-related protein-1

(DKK-1), osteoprotegerin (OPG), and
cathepsin K (CatK). These markers,
despite their established roles in bone
metabolism and remodeling,
demonstrate insufficient discriminatory
capacity when assessed within the
salivary medium to distinguish peri-
implant inflammatory processes from
those associated with periodontal
disease.[4,5]
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Epidemiological evidence consistently
demonstrates a significantly elevated
prevalence of periodontitis among
individuals controlled
diabetes

systemically healthy

with  poorly
mellitus  compared  to
This
established bidirectional association has
propose
periodontitis as a distinct diabetes-
related complication, leading to its

controls.

prompted  scholars  to

conceptual designation as the '"sixth
complication" of diabetes mellitus,
alongside the classical micro- and
macrovascular manifestations of the
disease.[6]

Periodontal treatment has recently been
shown to potentially improve metabolic
control in diabetes, though long-term
data are still limited. Conversely,
uncontrolled diabetes may adversely
affect the response to periodontal
therapy and increase the risk of peri-
implant diseases. The mechanisms
linking diabetes mellitus and periodontal
disease include the release of advanced
glycation end products secondary to
hyperglycemia, along with a spectrum of
shared predisposing factors of genetic,
microbial, and lifestyle nature. Current
evidence indicates an increased risk of
periodontal and peri-implant diseases in
individuals with diabetes and highlights
a role for dental professionals at the
diabetes—periodontal interface.[7]

Historically, it has been widely accepted
that  osseointegration  reflects a
homeostatic balance between a titanium
dental implant and adjacent bone, and
that the crestal bone loss observed in
from an

peri-implantitis  arises
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inflammatory process driven by dental
plaque.[8]

Since the primary causes of implant
failure are peri-implant bone resorption
and incomplete osseointegration,
research teams and implantologists are
focused on clinical and paraclinical
studies that evaluate peri-implant bone
changes and the success/failure rates of
implant systems made from different
materials and featuring various macro-
and micro-designs

[9,10]

and geometries.

In this context, this review aims to
synthesize current evidence on the
definition , etiology and risk factors, as
strategies and
contemporary therapeutic options for
peri-implantitis. A clear understanding of

well as preventive

these aspects is essential both for
reducing disease onset and for
optimizing clinical management, thereby
supporting the long-term success of
dental implants.

Peri-implantitis — Definition, Etiology,
and Risk Factors

Definition. Peri-implantitis is a biofilm-
induced inflammatory disease affecting
the peri-implant tissues, characterized by
inflammation of the peri-implant mucosa
accompanied by progressive loss of the
supporting bone around a dental implant.
Clinically, it presents with bleeding on
probing and/or suppuration, increased
probing depths compared with previous
recordings, and radiographic evidence of
marginal bone loss. In the absence of
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baseline data, the diagnosis is based on
the of bleeding and/or
suppuration on probing,
probing depth (typically >6 mm), and
marginal bone loss of approximately >3

presence
increased

mm relative to the expected bone level
following initial post-implant
remodeling. These diagnostic criteria
were consolidated by the 2017 World
Workshop which

standardized and

consensus,
the
clinico-radiographic thresholds for peri-
implant diseases.[11]

terminology

Gram-negative anaerobes and

asaccharolytic anaerobic Gram-positive

bacilli dominate this heterogeneous
mixed infection, though opportunistic
microbes like enteric rods and

Staphylococcus aureus appear in rare
cases.[12]

In this regard, Francetti et al. [13] used
as evidence for the diagnosis of PI the
presence of bleeding/suppuration and a
concomitant bone resorption process of 2
mm or more observed radiographically,

without  considering  peri-implant
probing depth.
Etiology. The etiology of peri-

implantitis is predominantly infectious,
arising from the accumulation and
maturation of microbial biofilm on
implant surfaces, which triggers a host
inflammatory response. Experimental
and clinical evidence indicates that peri-
implant inflammation resembles, but is
not identical to, periodontal
inflammation; lesion development and
progression are influenced by the
distinctive characteristics of peri-implant
tissues (e.g., connective tissue fiber

orientation, vascular supply, and the
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architecture of the implant-mucosa
interface). Peri-implantitis is therefore
regarded as a multifactorial disease in
which biofilm dysbiosis interacts with
host susceptibility and local iatrogenic
factors (e.g., residual cement, inadequate
prosthetic contours, and limited access
for oral hygiene), resulting in persistent
inflammation and progressive bone

resorption.[14]

Histologically, peri-implantitis lesions
exhibit a larger size and a greater number
of blood vessels, as well as a more
extensive connective-tissue infiltrate,
compared with periodontitis. The rate of
disease progression is faster in peri-
implantitis, resulting in more rapid and
severe bone loss than in periodontal
disease. In peri-implantitis, a non-linear
pattern of progressive bone destruction
occurs, which may be attributable to the
diverse microorganisms present at
implant sites, host defense mechanisms,
and the absence of a periodontal
ligament.[15]

that the
bacteria

It has been reported
periodontopathogenic

associated with periodontitis around
natural teeth differ from those present in
peri-implantitis. *Staphylococcus*
species (including enteric strains) and
*Candida* spp. have been identified in
55% of peri-implant lesions. In a
microbiological comparison between
healthy implants and peri-implantitis
sites, 19 species were found at higher
counts in peri-implantitis, suggesting
that a specific bacterial consortium may
be associated with its onset. Thus,
bacterial loads of Tannerella forsythia,

Treponema denticola, Porphyromonas
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gingivalis,  Staphylococcus  aureus,
Campylobacter rectus, Campylobacter
gracilis, and Prevotella intermedia were
significantly higher, in terms of odds
ratios, in subjects with peri-implantitis

compared with unaffected implants.[16]

Prevalence

Derks and Tomasi[17] reported a peri-
implantitis prevalence ranging from 1%
to 47% among subjects treated with
implant-supported prostheses. Francetti
et al. [13] evaluated a total of 384
implants placed in 77 patients over a
mean follow-up period of eight years
after loading; at 10 years, the cumulative
rate of implants free of peri-implantitis
was 86.92%. The reported prevalence
figures for peri-implantitis vary widely
because they depend on multiple factors,
including time in function, patient-
related conditions and associated risk

factors, as well as differences in
diagnostic  definitions adopted by
investigators.

A.Systemic risk factors

a. Diabetes mellitus. Hyperglycemia
may be a potentially important factor in
the  development of  biological
complications of implants, as observed
in poorly controlled diabetes.Thus,
healing processes can be negatively
affected by elevated blood glucose
levels, causing vascularization
alterations, bone remodeling changes,
and increased  susceptibility  to
infections, which leads to the conclusion
that hyperglycemia has adverse effects

on implant integration [18, 19].
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In contrast, the systematic review by
Monje et al. [18]found that no study
reported the prevalence of peri-implant
diseases in patients with hyperglycemia
in the absence of other risk factors such
history  of
inadequate biofilm

as smoking, recent
periodontitis, or

control.

b. Smoking. Nicotine has been reported
to promote microvascular obstruction,
diminish perfusion and nutrient delivery
at the surgical implant site, and suppress
the  proliferation of  fibroblasts,
erythrocytes, and macrophages,
ultimately impairing bone regeneration.
Although nicotine exposure in the setting
of dental implant surgery is considered
minimal, it has been hypothesized that
early implant failure may be partly
attributable to its vasoconstrictive action.
[20]

Smoking significantly affects both innate
and adaptive immunity. In smokers, an
increase and total
leukocyte counts is observed, along with
prolonged

polymorphonuclear

in granulocyte

survival of

cells, increased
production of hydrogen peroxide and
protease inhibitors, and altered integrin
disrupts
humoral immune responses by inhibiting
the proliferation or function of B and T

expression. Smoking also

lymphocytes [21].

In patients
implantitis,

diagnosed with peri-
comparisons  between
smokers and non-smokers indicated that
non-smokers achieved better long-term
results after 12 months of post-treatment
follow-up [20].

Local risk factors
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The 2017 classification identifies several
local factors that increase the risk of peri-
implantitis, including a prior history of
periodontitis, inadequate control of
dental biofilm, and failure to attend
scheduled post-implant maintenance

appointments [22].

The presence of keratinized mucosa
(KM) around the implant is considered a
protective factor; conversely, its absence
is associated with increased risk . [23]

a.A prior history of periodontitis is of
particular clinical significance, as the
current body of literature consistently
reports marked similarities between
periodontal and peri-implant diseases
with respect to etiology, pathogenesis,

risk profile, and clinical expression. Both

entities are predominantly biofilm-
induced inflammatory  conditions,
initiated by a dysbiotic microbial

community and mediated by an aberrant
or  heightened  host
inflammatory response, culminating in

immune—

the progressive destruction of the
supporting tissues (alveolar bone in
periodontitis and peri-implant bone in
peri-implantitis). Moreover, they share a

range  of  well-established  risk
determinants and  modifiers—most
notably inadequate plaque control,

previous periodontal disease experience,
tobacco use, and poorly controlled
diabetes—along with additional local
and systemic factors that influence
susceptibility and disease progression.
From a clinical standpoint, the two
conditions exhibit comparable signs of
inflammation and tissue breakdown,
including bleeding on probing, increased
probing depths, possible suppuration,
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and radiographic evidence of marginal
bone loss.

An association between periodontitis
and peri-implantitis has been reported
[24], the study by Ronk et al. [25]
yielded contrasting findings. In a cohort
of 134 patients receiving a total of 478
implants over a 10-year period (2001—
2010), the authors observed that, after
five years of functional loading and in
the absence of any structured
maintenance program, approximately
one in five patients would develop peri-
implantitis. Accordingly, they concluded
that neither the presence of periodontitis
nor a prior history of periodontitis
constituted

statistically  significant

predictors of peri-implantitis.

b. Keratinized mucosa surrounding
the implant. Around implants, collagen
fibers are chiefly arranged parallel to the
implant surface and do not insert directly
into it; this limited connective-tissue
attachment produces a less effective
biological seal. As a result, peri-implant
soft tissues exhibit greater vulnerability
to inflammatory disease than the soft
tissues associated with natural teeth [26].

In their cross-sectional study, Rinke et al.
[27] assessed whether risk indicators
commonly implicated in peri-implant
diseases were associated with peri-
implant mucositis and peri-implantitis in
patients undergoing implant therapy
(IT), at least five years after completion
of the implant restoration. Their findings
indicated that smoking and the absence
of keratinized mucosa (KM) were the
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strongest risk indicators for peri-

implantitis in patients treated with IT.

Furthermore, Gharpure et al. [26]
investigated, in 73 patients with 193
implants (mean follow-up: 6.9 + 3.7
years), the relationship between a thin
gingival phenotype (TGP) and a
keratinized mucosa width (KMW) < 2
mm as potential risk indicators for peri-
implantitis and mucositis. The authors
concluded that a thin gingival phenotype
and an inadequate KMW (< 2 mm) may
represent significant risk indicators for
peri-implant disease, together with pain
or discomfort during toothbrushing.

Therapeutic Protocol

Dental implant failure is frequently

associated with compromised
osseointegration. ~An  implant s
considered  failed when it is
malpositioned, exhibits mobility, or

shows peri-implant bone loss exceeding
1.0 mm during the first year and 0.2 mm
annually thereafter. Peri-implantitis may
lead to progressive peri-implant bone
resorption and, ultimately, implant loss
[28].

The perioperative prescription of oral
antibiotics has been widely used to
reduce the risk of postoperative wound
infection, early implant failure, and the
subsequent development of peri-
implantitis. However, current scientific
evidence does not support the routine
perioperative use of oral antibiotics to

prevent these complications.[29,30].

The prosthodontist bears substantial
responsibility in preventing peri-implant
problems by ensuring that implants are
restored in a manner that integrates
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biological and biomechanical
considerations. When properly balanced,
this approach optimizes occlusal forces,
enables the patient to perform effective
self-care, and permits routine assessment
of peri-implant conditions through
probing. Accordingly, delivering a
reconstruction that impedes plaque
removal or monitoring of peri-implant
conditions should be regarded as a major

€Iror.

There is a growing need to recognize and
understand how the implant restorative
process may adversely affect peri-
implant tissues, to identify strategies to
minimize these effects, and to promote
and maintain peri-implant health through
meticulous attention to detail at every
stage of treatment.[31]

It has been demonstrated that certain
emergence profiles and prosthetic
designs are more prone to plaque and
debris accumulation.[32] Consequently,
biofilms accumulate and may initiate
peri-implant disease. [33]

In the context of the IDRA, the term
“cleanable” refers to the ease of access
for cleaning the prosthesis by both the
clinician and the patient. The patient’s
ability to clean the prosthesis depends on
their level of skill and dexterity, which
may evolve over time [34].Most
published strategies for peri-implantitis
management are largely derived from
therapeutic ~ approaches used in
periodontitis. This is because bacterial
colonization of tooth and implant
surfaces follows similar principles, and it
is widely accepted that the microbial
biofilm plays an analogous role in the
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development of
inflammation [35].

peri-implant

Igiena orala, in general, este precara in
cazurile de aparitie a periimplantitei, iar
un studiu publicat in 2018 la nivelul
judetului Iasi indica. ..

Overall, oral hygiene is generally poor in
cases where peri-implantitis develops,
and a study published in 2018 at the level
of Tasi County indicate that the use of
oral hygiene products, rural residents
reported using toothpaste, mouthwash,
and dental floss at rates of 94.0%, 18.9%,
and 3.9%, respectively, compared with
97.2%, 41.4%, and 11.0% among urban
residents.

In terms of oral hygiene behaviors,
twice-daily toothbrushing was reported
by 50.9% of urban respondents and
42.1% of rural respondents. In lasi
County, 22.8% of individuals in rural
areas  indicated  replacing  their
toothbrush annually, while 31.6% of
those in urban areas reported changing it
four times per year.[49]

Conservative therapy. In addition to
adjunctive pharmacotherapy and
conventional mechanical debridement
(e.g., using curettes, ultrasonic devices,
systems),
minimally invasive approaches have

and air-polishing newer
been described as conservative treatment
options. These include laser-assisted
modalities and antimicrobial
photodynamic therapy, which aim to
enhance decontamination of the implant
surface and support control of peri-

implant inflammation.[36]
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Because the inflammatory lesion in peri-
implant mucositis is confined to the peri-
implant mucosa, non-surgical
management is generally considered
appropriate. In particular, professional
mechanical plaque removal—performed
with hand instruments and/or ultrasonic
devices—has been shown to be the most
effective approach for reducing clinical

signs of inflammation.

The non-surgical approach aims to
control peri-implant soft-tissue infection
and to achieve debridement of the
implant surface. Accordingly, various
protocols described,
incorporating mechanical debridement

have  been
with curettes, ultrasonic instrumentation,
air-abrasive systems, and laser-based
modalities (including photodynamic
therapy), with or without adjunctive
administration  of  antibiotics  or
antiseptics.

Figuero et al. reviewed these protocols
and concluded that, although many
interventions produced a measurable
short-term reduction in bleeding on
probing (BoP), their effect on probing
depth was limited.[37]

In a review by Javed et al. encompassing
nine studies, both systemic and local
antibiotic therapies (e.g., tetracycline,

doxycycline, amoxicillin,
metronidazole, minocycline
hydrochloride,  ciprofloxacin, and
sulfonamides combined with
trimethoprim) were associated with

significant reductions in pocket depth
over follow-up periods ranging from one
to six years.[38]
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Owing to their bactericidal mechanism
of action, CO2, diode, Er:YAG (erbium-
doped: yttrium-aluminum-garnet), and
Er,Cr:YSGG (erbium, chromium-doped:
yttrium-scandium-gallium-garnet) lasers
are being used with increasing frequency
in the management of peri-implant
diseases. To safeguard the implant
surface and surrounding tissues, minimal
absorption and limited reverberation
must  be Er:YAG
Er,Cr:YAG lasers, operating at a
wavelength of approximately 3 microns,

ensured. and

have been reported to reduce biofilm
levels by up to 90%; however, unlike
most mechanical therapies, they do not
appear to  re-induce
compatibility or
properties. [39-41]

biological
cell-stimulatory

Photodynamic therapy (PDT) has gained
attention as a valuable adjunctive
modality, supported by its combined
antimicrobial and anti-inflammatory
effects. By pairing a photosensitizing
agent with illumination at a specific
wavelength, PDT induces the formation
of reactive oxygen species that exert
bactericidal activity and influence
inflammatory  signaling  pathways
[50,51] Recent evidence suggests that
PDT may improve clinical parameters—
such as bleeding on probing (BOP),
probing depth (PD), and plaque index
(PI)—and favorably modify peri-implant
crevicular fluid biomarkers, including
interleukin-1  (IL-1B) and tumor

necrosis factor-alpha (TNF-a))[52-58]

Some evidence suggests that males may
be at increased risk of peri-implantitis,
possibly
differences in oral hygiene behaviors

reflecting sex-related
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and/or a higher prevalence of systemic
comorbidities, such as cardiovascular
disease.[59,60,71]]

Some studies have reported favorable
outcomes with the combined use of
Er:YAG lasers, attributed to their precise
ablation and limited thermal
injury,[61,62] while also highlighting the
advantages of Nd: YAG lasers in terms of
deeper penetration.[63] The

development of standardized protocols is

tissue

essential to enhance research
consistency, reproducibility, and clinical
translation. Future investigations should
focus on establishing evidence-based
guidelines for laser therapy in peri-
implantitis, taking into account laser
type, energy parameters, and treatment
intervals. [64] Growing attention has
been directed toward this approach given
its advantages relative to conventional
therapies, including pronounced
bactericidal effects and the ability to
surfaces

decontaminate implant

effectively while preserving surface

integrity.[65-67]

Systemic conditions (including diabetes,
cardiovascular disease and smoking)
have a significant impact on peri-
implantitis progression and on treatment
outcomes.[68,69] Independent of the
therapeutic  approach, smoking is
associated with lower peri-implantitis
treatment success because it impairs
and bone

wound healing

regeneration.[70]

Laser therapy shows substantial promise
for  peri-implantitis ~ management;
however, methodological limitations,
protocol standardization, and evaluation
of demographic and systemic modifiers
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are required to confirm its reliability and
long-term efficacy. Future studies should
also harmonize success criteria, clarify
durability of outcomes, and account for
regional practice variability to support

robust, evidence-based clinical
guidelines.
The surgical approach is widely

regarded as effective for implant-surface

debridement and  decontamination
because it provides direct access and
enhanced visualization of contaminated
areas, which is particularly important for
implants with threaded geometry and
By

elevating a mucoperiosteal flap and

diverse surface modifications.
exposing the implant circumferentially,
the clinician can more predictably
remove granulation tissue and disrupt
biofilm from the entire affected surface,
including the thread valleys, undercuts,
and other anatomically sheltered regions
that are difficult or impossible to
instrument adequately with nonsurgical

methods.

Another widely endorsed concept, as
proposed by Zitzmann et al., is grounded
in a systematic approach to periodontal
therapy. In the initial phase, emphasis is
placed on optimizing oral-hygiene
conditions, accompanied by mechanical
debridement and, when indicated,
adjunctive local anti-infective measures.
Should nonsurgical management prove
insufficient, treatment s
advised, typically involving open
debridement and, depending on the

surgical

clinical scenario, either resective or
regenerative procedures.[42]
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Resective surgical therapy represents a
recommended treatment modality for
peri-implantitis. Procedures such as
ostectomy and osteoplasty, when
combined with implantoplasty, have
been shown to be effective in reducing
disease activity and may arrest further
because this
approach is frequently associated with
increased  postoperative  soft-tissue
recession, its should be
carefully considered, and it is generally

less appropriate in cases where esthetic

progression. However,

indication

demands are high, particularly within the
anterior esthetic zone. [43]

Multiple studies have advocated
regenerative surgical approaches for the
management of

associated bone

peri-implantitis—
loss and defect
morphology, with the primary aim of
limiting or preventing soft-tissue
recession. In general, these protocols
involve the placement of grafting
materials—most commonly autogenous
bone—used either alone or in
combination with barrier membranes to
support guided bone regeneration. [44-

46]

Chan et al.,, in their systematic review
and meta-analysis, reported that the use
of grafting materials in conjunction with
barrier membranes is associated with
greater reductions in probing pocket
depth and increased radiographic bone
fill.[47]

The morphology of the peri-implant
bone defect surrounding an infected
implant is a major determinant of the
predictability and overall success of
regenerative  therapy. In  general,

regenerative interventions yield superior
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outcomes in circumferential (contained)
or predominantly intrabony defects, as
these configurations provide bony walls
that help maintain space, stabilize the
graft and blood clot, and limit soft-tissue
collapse into the defect during healing.
Such containment enhances wound
stability—an essential prerequisite for
bone fill and re-osseointegration to

occur.[48]

Conclusion

The available literature indicates that
microbial the primary
etiological factor in peri-implant disease.

biofilm is

Nevertheless, the onset, progression, and
clinical severity of peri-implant
pathology appear to be modulated by a
range of predisposing and modifying
factors. Among the most frequently
reported are systemic  metabolic
disorders such as diabetes mellitus,
which may impair host immune function
and wound healing; tobacco use, which
adversely  affects and

inflammatory responses; and a history of

vascularity

pre-existing periodontal disease, which
1s associated with increased
susceptibility to peri-implant infection
and a higher likelihood of colonization
by
microorganisms. Consequently, peri-
implant disease should be viewed as a

periodontopathogenic

biofilm-induced  condition = whose
clinical expression is strongly influenced
by patient-related risk factors and
baseline periodontal status. More long-
term, high-quality studies are needed to
strengthen evidence-based decisions and
to make implant therapy more

predictable over time.



Romanian Journal of Oral Rehabilitation

Vol. 18, No.l January-March 2026

REFERENCES

1.

10.

11.

12.

13.

14.

15.

Khammissa RAG, Feller L, Meyerov R, Lemmer J. Peri-implant mucositis and peri-
implantitis: clinical and histopathological characteristics and treatment. SADJ.
2012;67:122-126.

Zitzmann NU, Walter C, Berglundh T. Atiologie, Diagnostik und Therapie der
Periimplantitis — eine Ubersicht. Dtsch Zahnarztl Z. 2006;61:642-649.

Wilson V. An insight into peri-implantitis: a systematic literature review. Prim Dent
J.2013;2:69-73.

Spiekermann H: Implantologie. Stuttgart: Thieme; 1984.

Hall J, Britse AO, Jemt T, Friberg B: A controlled clinical exploratory study on genetic
markers for peri-implantitis. Eur J Oral Implantol 2011, 4:371-382.

Nibali L, Gkranias N, Di Pino A. Periodontitis and implant complications in diabetes.
Periodontol 2000. 2022;90:86-103.

Darby I. Risk factors for periodontitis & peri-implantitis. Periodontol 2000.
2022;90:9-12. doi:10.1111/prd.12447

Ivanovski S, Bartold PM, Huang Y-S. The role of foreign body response in peri-
implantitis: what is the evidence? Periodontol 2000.2022;90:174-183.

Mathieu V, Vayron R, Richard G, Lambert G, et. al. Biomechanical determinants of
the stability of dental implants: Influence of the bone—implant interface properties. J
Biomech., 2014;47:3—13.

Dima C, Agop-Forna D, Forna N. Clinical and paraclinical study regarding
periimplant bone changes and survival rate of three dental implant systems.
*Romanian Journal of Medical and Dental Education*. 2019 Apr;8(4):34.

Berglundh T, Armitage G, Araujo MG, Avila-Ortiz G, Blanco J, Camargo PM, Chen
S, Cochran D, Derks J, Figuero E, Himmerle CHF, Heitz-Mayfield LJA, Huynh-Ba
G, lacono V, Koo KT, Lambert F, McCauley L, Quirynen M, Renvert S, Salvi GE,
Schwarz F, Tarnow D, Tomasi C, Wang HL, Zitzmann N. Peri-implant diseases and
conditions: Consensus report of workgroup 4 of the 2017 World Workshop on the
Classification of Periodontal and Peri-Implant Diseases and Conditions. J Clin
Periodontol. 2018 Jun;45 Suppl 20:S286-S291. doi: 10.1111/jcpe.12957. PMID:
29926491.

Lafaurie GI, Sabogal MA, Castillo DM, Rincon MV, Gomez LA, Lesmes YA, et al.
Microbiome and Microbial Biofilm Profiles of Peri-Implantitis: A Systematic Review.
J Periodontol.2017;88(10):1066-89.

Francetti L, Cavalli N, Taschieri S, Corbella S. Ten years follow-up retrospective
study on implant survival rates and prevalence of peri-implantitis in implant-
supported full-arch rehabilitations.Clin Oral Impl Res. 2019; 30(3):252-60.
Papapanou PN, Sanz M, Buduneli N, Dietrich T, Feres M, Fine DH, Flemmig TF,
Garcia R, Giannobile WV, Graziani F, Greenwell H, Herrera D, Kao RT, Kebschull
M, Kinane DF, Kirkwood KL, Kocher T, Kornman KS, Kumar PS, Loos BG, Machtei
E, Meng H, Mombelli A, Needleman I, Offenbacher S, Seymour GJ, Teles R, Tonetti
MS. Periodontitis: Consensus report of workgroup 2 of the 2017 World Workshop on
the Classification of Periodontal and Peri-Implant Diseases and Conditions. J Clin
Periodontol. 2018 Jun;45 Suppl 20:S162-S170. doi: 10.1111/jcpe.12946. PMID:
29926490.

Rokaya D, Srimaneepong V, Wisitrasameewon W, Humagain M, Thunyakitpisal P.
Peri-implantitis update: Risk indicators,diagnosis, and treatment. Eur J Dent.
2020;14(4):672-82.

42

DOI : 10.62610/RJOR.2025.1.18.3



Romanian Journal of Oral Rehabilitation

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

Vol. 18, No.l January-March 2026

Belibasakis GN, Manoil D. Microbial Community-Driven Etiopathogenesis of Peri-
Implantitis. J Dent Res. 2021;100(1):21-8.

Derks J, Tomasi C. Peri-implant health and disease. A systematic review of current
epidemiology. J Clin Periodontol.2015;42(Suppl 16):S158-S71.

Monje A, Catena A, Borgnakke WS. Association between diabetes mellitus
/hyperglycaemia and peri-implant diseases:Systematic review and meta-analysis. J
Clin Periodontol.2017;44(6):636-48.

Dioguardi M, Cantore S, Scacco S, Quarta C, Sovereto D, Spirito F, et al. From bench
to bedside in precision medicine: Diabetes Mellitus and peri-implantitis clinical
indices with a short-term follow-up: A systematic review and meta-analysis. J Pers
Med.2022;12(2):235.

Bardo VA, Ricomini-Filho AP, Faverani LP, Del Bel Cury AA,Sukotjo C, Monteiro
DR, et al. The role of nicotine, cotinine and caffeine on the electrochemical behavior
and bacterial colonization to cp-Ti. Mater Sci Eng C Mater Biol Appl.2015;56:114-
24,

Mazel A, Belkacemi S, Tavitian P, Stéphan G, Tardivo D, Catherine JH, et al. Peri-
implantitis risk factors: A prospective evaluation. J Investig Clin Dent. 2019;
10(2):e12398.

Canton JG, Armitage G, Berglundh T, Chapple IL, Jepsen S, Kornman KS, et al. A
new classification scheme for periodontal and peri-implant diseases and conditions -
Introduction and key changes from the 1999 classification. J Clin Periodontol.
2018;45(Suppl 20):S1-S8.

Ueno D, Nagano T, Watanabe T, Shirakawa S, Yashima A, Gomi K. Effect of the
keratinized mucosa width on the health status of periimplant and contralateral
periodontal tissues: A cross-sectional study. Implant Dent. 2016;25(6):796-801.
Dreyer H, Grischke J, Tiede, C, Eberhard J, Schweitzer A, Toikkanen SE, et al.
Epidemiology and risk factors of peri-implantitis: A systematic review. J Periodontal
Res. 2018;53(5):657-81.

Rokn A, Aslroosta H, Akbari S, Najafi H, Zayeri F, Hashemi K. Prevalence of peri-
implantitis in patients not participating in well-designed supportive periodontal
treatments: a cross-sectional study. Clin Oral Implants Res. 2017; 28(3):251-371.
Gharpure AS, Latimer JM, Aljofi FE, Kahng JH, Daubert DM. Role of thin gingival
phenotype and inadequate keratinized mucosa width (<2 mm) as risk indicators for
peri-implantitis and peri-implant mucositis. J Periodontol. 2021;92(12):1687-96.
Rinke S, Nordlohne M, Leha A, Renvert S, Schmalz G, Ziebolz D. Risk indicators for
mucositis and peri-implantitis: results from a practice-based cross-sectional study. J
Periodontal Implant Sci.2020;20;50(3):183-96

Weber HP, Cochran DL: The soft tissue response to osseointegrated dental implants .
J Prosthet Dent. 1998,79:79-89. 10.1016/s0022-3913(98)70198-2

Esposito M, Grusovin MG, Worthington HV. Interventions for replacing missing
teeth: antibiotics at dental implant placement to prevent complications. Cochrane
Database Syst Rev.2013;(7):CD004152.

Romandini M, De Tullio I, Congedi F, et al. Antibiotic prophylaxis at dental implant
placement: which is the best protocol? A systematic review and network meta-
analysis. J Clin Periodontol.2019;46(3):382-395.

Dawood A, Marti BM, Tanner S. Peri-implantitis and the prosthodontist. Br Dent J.
2017;223(5):325-332.

43

DOI : 10.62610/RJOR.2025.1.18.3



Romanian Journal of Oral Rehabilitation

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

Vol. 18, No.l January-March 2026

Katafuchi M, Weinstein BF, Leroux BG, Chen YW, Daubert DM. Restoration contour
is a risk indicator for peri-implantitis: a cross-sectional radiographic analysis. J Clin
Periodontol.2018;45(2):225-232.

Serino G, Strom C. Peri-implantitis in partially edentulous patients: association with
inadequate plaque control. Clin Oral Implants Res.2009;20(2):169-174.
Heitz-Mayfield LJA, Heitz F, Lang NP. Implant disease risk assessment IDRA-a tool
for preventing peri-implant disease. Clin Oral Implants Res. 2020;31(4):397- 403.
Renvert S, Polyzois I, Claffey N: Surgical therapy for the control of peri-implantitis.
Clin Oral Implants Res 2012, 23(Suppl 6):84-94.

Schwarz F, Schmucker A, Becker J. Efficacy of alternative or adjunctive measures to
conventional treatment of peri-implant mucositis and peri-implantitis: a systematic
review and meta-analysis. Int J Implant Dent 2015;1:22.

Figuero E, Graziani F, Sanz I, Herrera D, Sanz M. Management of peri-implant
mucositis and peri-implantitis. Periodontology 2000 2014;66:255-73

Javed F, Alghamdi AST, Ahmed A, Mikami T, Ahmed HB, Tenenbaum HC: Clinical
efficacy of antibiotics in the treatment of peri-implantitis. Int Dent J 2013, 63:169—
176.

Schwarz F, Sahm N, Becker J: Aktuelle Aspekte zur Therapie periimplantirer
Entziindungen. Quintessenz 2008, 59:00.

Yamamoto A, Tanabe T: Treatment of peri-implantitis around TiUnite-surface
implants using Er:YAG laser microexplosions. Int J Periodontics Restorative Dent
2013, 33:21-30.

Schwarz F, Rothamel D, Becker J: Einfluss eines Er:YAG-Lasers auf die
Oberflachenstruktur von Titanimplantaten. Klinische Fallberichte. Schweiz
Monatsschr Zahnmed 2003, 113:660—-671.

Zitzmann NU, Walter C, Berglundh T: Atiologie, Diagnostik und Therapie der
Periimplantitis — eine Ubersicht. Deutsche Zahnirztliche Zeitschrift 2006,61:642—
649

Smeets R, Henningsen A, Jung O, Heiland M, Hammaécher C, Stein JM. Definition,
etiology, prevention and treatment of peri-implantitis--a review. Head Face Med.
2014 Sep 3;10:34. dot

10.1186/1746-160X-10-34. PMID: 25185675; PMCID: PMC4164121.

44.

45.

46.

47.

48.

Khoury F, Buchmann R. Surgical therapy of peri-implant disease: a 3-year follow-
up study of cases treated with 3 different techniques of bone regeneration. J
Periodontol 2001;72:1498-508.

Schwarz F, Sahm N, Bieling K, Becker J. Surgical regenerative treatment of peri-
implantitis lesions using a nanocrystalline hydroxyapatite or a natural bone mineral
in combination with a collagen membrane: a four-year clinical follow-up report. J
Clin Periodontol 2009;36:807-14.

Roos-Jansdker AM, Renvert H, Lindahl C, Renvert S. Surgical treatment of peri-
implantitis using a bone substitute with or without a resorbable membrane: a
prospective cohort study. J Clin Periodontol 2007;34: 625-32.

Chan HL, Lin GH, Suarez F, MacEachern M, Wang HL. Surgical management of
peri-implantitis: a systematic review and meta-analysis of treatment outcomes. J
Periodontol 2014;85:1027-41.

Schwarz F, Sahm N, Schwarz K, Becker J. Impact of defect configuration on the
clinical outcome following surgical regenerative therapy of peri-implantitis. J Clin
Periodontol 2010;37:449-55.

44

DOI : 10.62610/RJOR.2025.1.18.3



Romanian Journal of Oral Rehabilitation

49.

50.

51.

52.

53

54.

55.

56.

57.

58.

59.

60.

61.

62.

Vol. 18, No.l January-March 2026

Forna NC, Dascalu C, Forna D, Antohe M-E. Incidence and prevalence of dental-
periodontal conditions and edentation in Moldavia. Rev Med Chir Soc Med Nat lasi.
2013;117(1):205.

Maisch T. A new strategy to destroy antibiotic resistant microorganisms:
antimicrobial photodynamic treatment.Mini Rev Med Chem. 2009;9(8):974-983.
Tavares LJ, Pavarina AC, Vergani CE, de Avila ED. The impact of antimicrobial
photodynamic therapy on peri-implant disease: what mechanisms are involved in
this novel treatment? Photodiagnosis Photodyn Ther. 2017;17:236-244.

Ahmed AR, Kamran MA, Suleman G, Sharif RA, Alamrey AAM, Sulaiman SA.
Novel use of chloro-aluminum phthalocyanine assisted photodynamic therapy helps
in periimplant healing among smoking patients. **Photodiagnosis Photodyn Ther**.
2023;41:103193.

. Ahmed P, Bukhari A, Albaijan R, Sheikh SA, Vohra F. The effectiveness of

photodynamic and antibiotic gel therapy as an adjunct to mechanical debridement in
the treatment of peri-implantitis among diabetic patients. Photodiagnosis Photodyn
Ther. 2020;32:102077.

Al-Khureif AA, Mohamed BA, Siddiqui AZ, Hashem M, Khan AA, Divakar DD.
Clinical, host-derived immune biomarkers and microbiological outcomes with
adjunctive photochemotherapy compared with local antimicrobial therapy in the
treatment of peri-implantitis in cigarette smokers. Photodiagnosis Photodyn Ther.
2020;30:101684.

Alresayes S, Al Deeb M, Mokeem SA, Al-Hamoudi N, Ahmad P, Al-Aali KA, Vohra
F, Abduljabbar T. Influence of body fat in patients with dental implant rehabilitation
treated with adjunctive photodynamic therapy.Photodiagnosis Photodyn Ther.
2020;31:101831.

Bassetti M, Schar D, Wicki B, Eick S, Ramseier CA, Arweiler NB, Sculean A, Salvi
GE. Anti-infective therapy of peri-implantitis with adjunctive local drug delivery or
photodynamic therapy: 12-month outcomes of a randomized controlled clinical trial.
Clin Oral Implants Res. 2014;25(3):279-287.

Elsadek MF. Effectiveness of two photosensitizer-mediated photodynamic therapy
for treating moderate peri-implant infections in type-II diabetes mellitus patients: a
randomized clinical trial. Photodiagnosis Photodyn Ther. 2023;43:103643.

Elsadek MF, Almoajel A, Sonbol AM, Aljarbou HM. Chloro-aluminum
phthalocyanine-mediated photodynamic therapy improves peri-implant parameters
and crevicular fluid cytokine levels in cigarette smokers with chronic
hyperglycemia. Photodiagnosis Photodyn Ther. 2023;41:103309.

Chu D, Wang R, Fan Z. Association between cardiovascular diseases and peri-
implantitis: A systematic review and meta-analysis.Rev Cardiovasc Med.
2023;24(7):200. doi:10.31083/j.rcm2407200

Oh MS, Jeong MH. Sex differences in cardiovascular disease risk factors among
Korean adults. Korean J Med. 2020;95(4):266—275.d01:10.3904/kjm.2020.95.4.266
Grzech-Lesniak K, Sculean A, Gaspirc B. Laser reduction of specific
microorganisms in the periodontal pocket using Er:YAG and Nd:YAG lasers: A
randomized controlled clinical study. Lasers Med Sci1.2018;33(7):1461-1470.
doi:10.1007/s10103-018-2491-z.

Laky M, Miiller M, Laky B, et al. Short-term results of the combined application of
neodymium-doped yttrium aluminum garnet (Nd: YAG) laser and erbium-doped
yttrium aluminum garnet (Er:YAG)laser in the treatment of periodontal disease: A

45

DOI : 10.62610/RJOR.2025.1.18.3



Romanian Journal of Oral Rehabilitation

63.

64.

65.

66.

67.

68.

69.

70.

71.

Vol. 18, No.l January-March 2026

randomized controlled trial. Clin Oral Investig. 2021;25(11):6119-6126.
doi:10.1007/s00784-021-03911-x.

Alhashem MH, Alharbi NNN, Alhaddad AA, Alameer AHA, Al Nefaie AA. The use
of lasers in soft tissue surgery: A review of applications and clinical benefits. J
Popul Ther Clin Pharmacol. 2022;29(4):3170-3174.doi:10.53555/jptcp.v29i04.5814
Parker S, Grzech-Le$niak K, Cronshaw M, Matys J, Bruggera Jr A, Nammour S.
Full operating parameter recording as an essential component of the reproducibility
of laser-tissue interaction and treatments. Adv Clin Exp Med. 2024;33(6):653-656.
doi:10.17219/acem/189795

Pisano M, Amato A, Sammartino P, landolo A, Martina S, Caggiano M. Laser
therapy in the treatment of peri-implantitis: State-of-the-art, literature review and
meta-analysis. Appl Sci. 2021;11(11):5290. doi:10.3390/app11115290

Matys J, Grzech-Le$niak K, Flieger R, Dominiak M. Assessment of an impact of a
diode laser mode with wavelength of 980 nm on a temperature rise measured by
means of k-02 thermocouple:Preliminary results. Dent Med Probl. 2016;53(3):345—
351. doi:10.17219/dmp/62575

Fenelon T, Bakr M, Walsh LJ, George R. Effects of lasers on titanium dental implant
surfaces: A narrative review. Laser Dent Sci. 2022; 6(3):153-167.
doi:10.1007/s41547-022-00165-y

Wang C, Ashnagar S, Gianfilippo RD, Arnett M, Kinney J, Wang H.Laser-assisted
regenerative surgical therapy for peri-implantitis: A randomized controlled clinical
trial. J Periodontol. 2021;92(3):378-388. doi:10.1002/JPER.20-0040

Sbricoli L, Bazzi E, Stellini E, Bacci C. Systemic diseases and biological dental
implant complications: A narrative review. Dent J.2022;11(1):10.
doi:10.3390/dj11010010

Madi M, Smith S, Alshehri S, Zakaria O, Almas K. Influence of smoking on
periodontal and implant therapy: A narrative review.Int J Environ Res Public Health.
2023;20(7):5368. doi:10.3390/ijerph20075368

Faot F, Junior AB, Akira A, Nammour S, Silva LJD, Morel LL, Vargas-Junior FA,
Grzech-Lesniak K, Marques ACPS, Bueno DF, Souza JGS, Shibli JA. Laser therapy
in peri-implantitis management: A scoping review of efficacy and current evidence.
Adv Clin Exp Med. 2026 Jan 13. doi: 10.17219/acem/209576. Epub ahead of print.
PMID: 41528837.

46

DOI : 10.62610/RJOR.2025.1.18.3



