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Abstract

In the field of implantology, peri-implantitis is still a common complication of implant failure. Similar to periodontal disease, this kind
of pathological condition is characterized by inflammation of the tissues surrounding dental implants or fillings. The sources of infec-
tion have been shown to be chronic periodontitis and poor maintenance of the communion. A thorough examination of the intricate
components of peri-implantitis was sought in this review in order to identify common characteristics of the disease with regard to
bacteria, biofilm formation, host immunological responses, diagnostic tools, and therapeutic treatments. The aim of this study was to
provide a detailed overview of the different bacterial species associated with peri-implantitis, a clinical condition similar to periodon-
titis, characterized by a higher prevalence of staphylococci and enteric bacteria. The study underscores the importance of employing
sophisticated diagnostic methods like cone beam computed tomography. It covers a range of therapeutic approaches including surgical
and non-surgical techniques as well as strategies stressing host-modification and photodynamic treatment. The study was conducted
using pertinent publications from scientific databases, including Scopus, Google Scholar, PubMed, and Web of Science. We searched
these databases using the following terms: periodontitis, microbial, dental implants, peri-implantitis, and biofilm formation.
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INTRODUCTION

indications of disease, such as sensitive gums surround-
ing the implants.!!

Dentists often worry about peri-implantitis, a disease
that causes swelling and pain in the soft and hard tissues
around tooth implants.l!) The 2017 report from the Amer-
ican Academy of Periodontology says that peri-implanti-
tis is a condition where plaque builds up and causes swell-
ing and a gradual loss of bone support.l?! This primarily
affects individuals who have previously experienced is-
sues. Frequently, this issue is linked to plaque manage-
ment. Common symptoms are redness, bleeding during
probing, inflammation, and discharge, which resemble

The prevalence of peri-implantitis differs, with some
studies demonstrating that it was 19.53% at the patient-lev-
el and 12.53% at the implant-level.?! The disparities in the
prevalence of the disease may be explained by differences
in the definitions of the illness, the study design, the du-
ration of employment, or the use of probing depth as a di-
agnostic tool.*! According to the 2017 World Workshop
on the Classification of Periodontal and Peri-implant Dis-
eases and Conditions, peri-implantitis may be diagnosed
by combining the following criteria: bone loss of the sup-
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port >3 mm, periodontal pocket depth (PPD) >6 mm, and
bleeding on probing (BOP).[+%]

Peri-implant diseases are broadly divided into two
groups: peri-implant mucositis and peri-implantitis. The
former is essentially the first stage of peri-implantitis.
Mucositis is a lesion where the gingival around the im-
plant is inflamed, but there is no associated bone loss.!®!
The redness and swelling of the mucosa are probably the
best-indicator of the disease, and the tissue may bleed on
probing. Apart from restorative phase maintenance path of
the inflammation may be reversed.!! On the other hand,
peri-implantitis is a later stage of peri-implant disease. It
not only affects the gums and causes inflammation, like
peri-implant mucositis, but it also spreads to the bone that
supports the implant and causes bone loss over time.*! The
loss of bone around the tooth implant that cannot be fixed
is what makes peri-implantitis different. Some of the signs
are sore gums, bleeding, pus coming out of the gums, and
the implant slowly coming free because the bone is break-
ing down. When someone has peri-implantitis, it is harder
to treat because they usually need surgery to fix both the
soft tissue disease and the bone loss.!!!

Ecological characteristics of the peri-
implant niche

A salivary pellicle quickly attaches to oral surfaces after im-
plant insertion. This adsorption mechanism helps first bac-
terial colonizers connect and serve as surface receptors for
later colonizers.””) Edgerton et al.l¥) showed that titanium
and dental enamel pellets formed differently molecularly,
titanium pellicles formed in vitro included proteins rich
in proline, secretory IgA, a-amylase, and high molecular
weight mucins. These pellicles lacked enamel-like low-mo-
lecular-weight mucins and cystatins. Despite these appar-
ent changes, titanium pellicles do not seem to affect bac-
teria initial adherence.”’ Germs colonize the implant site
within 30 minutes of implantation. Over the following two
weeks, this colonization forms organize biofilm communi-
ties in the peri-implant crevice.['! In the initial months fol-
lowing implantation, the peri-implant biofilms have a less
diverse microbiome than the surrounding teeth but show
little taxonomic changes.!'!} At this time, the surrounding
bacteria may form a mutually beneficial interaction with
the host and help sustain implant health. However, sever-
al factors that promote biofilm formation also cause tissue
inflammation and alter the peri-implant sulcus milieu.!*%!
Dysbiotic microbiota changes due to microenvironment
changes exacerbate inflammation and affect peri-implant
health and function.'?) Schincaglia et al.l'* found that
Tannerella, Prevotella, Fretibacterium, and Treponema spp.
increased after three weeks of oral hygiene discontinuation.
Locally elevated proinflammatory cytokines were linked to
microbial diversity.

Microbial etiology of peri-implantitis

The inflammatory destruction of implant-supporting tis-
sues caused by biofilm formation on the implant surface is
what causes peri-implantitis, a serious dental implant com-
plication.!" This condition is analogous to periodontitis,
which affects natural teeth. The microbial composition as-
sociated with peri-implantitis is diverse and non-specific
but is very similar to that found in periodontitis. A nota-
ble exception is the frequent presence of high numbers of
staphylococci and enteric bacteria in peri-implantitis cas-
es. Microbiome-based machine learning has shown high
diagnostic and prognostic power for peri-implant diseas-
es. In particular, the “peri-implantitis-related complex
(PiRC)” is composed of the seven most disease-associated
species.101>16] This encompasses Staphylococcus epider-
midis, which can form pathogenic biofilms on implant sur-
faces; Fusobacterium nucleatum, a bridging organism in
biofilms; Treponema denticola, an invasive pathogen capa-
ble of inducing robust immunity and inflammation; Tan-
nerella forsythia, which contributes to persistent infection
and inflammation; Prevotella intermedia, linked to acute
and severe clinical conditions; and Porphyromonas gingi-
valis, a significant pathogen that disrupts host immune re-
sponses, thereby promoting dysbiosis. These bacteria have
been identified and are present in the locations of com-
promised implants, suggesting a substantial correlation
with the pathophysiology of peri-implantitis.l®!* The usu-
al oral microbiota comprises approximately 700 bacterial
species, with an average of 296 types per person, despite
its association with puffiness, cellular damage, and bone
loss.'% Orally transmitted infections have an exceedingly
low prevalence in a healthy oral cavity. But when there is
a sickness, the number of these microorganisms greatly
rises, which throws off the microbiota’s natural balance.
This mismatch may also lead to more major problems, like
pain and inflammation. If you ignore the damage these
germs do, you could end up with long-term problems like
losing your teeth and bones. !¢17) In peri-implantitis, the
microbiome around an implant is messed up because the
communities of bacteria are not balanced. This creates a
peri-implant sulcus that is always swollen and has patho-
logical proliferators that are not found in healthy teeth.
This messed up microbiome makes bone loss worse, which
makes it harder for osseointegrated implants to work and
look good.[6:1518]

Biofilm formation and its role

Biofilm formation on dental implants, in which groups
of germs form around the implant, is the main cause of
peri-implantitis.['®! Biofilm formation is attributed to var-
ious bacterial species such as Porphyromonas gingivalis,
Treponema denticola, Tannerella forsythia, Aggregatibacter
actinomycetemcomitans, and Prevotella intermedia.l'*]
There may be opportunistic bacteria in this biofilm com-
plex, such as Staphylococcus aureus and Pseudomonas aeru-
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ginosa, as well as fungi and viruses.”] Bacteria in the tissue
around the implant cause swelling, which leads to the loss
of bone support. This is a common sign of peri-implanti-
tis.12] There are fewer species of Porphyromonas and Neis-
seria in peri-implantitis because the Firmicutes group be-
comes more dominant as biofilm forms.!') The first step
is called peri-mucositis, and it involves swelling in the soft
tissues around the implant. Peri-implantitis could show up
because of this. Bacteria of different types can live between
the gums and around the implant. Most of the time, Fuso-
bacterium spp. and Treponema spp. are found in peri-im-
plantitis, while Rothia spp. and Streptococcus spp. are found
in peri mucositis (Fig. 1).1% This difference suggests that
distinct bacterial populations contribute to progression
from peri-mucositis to peri-implantitis.!?12?]

Early
Microbiome ' perisimplant
alpha diversity ' biofilm
|

Microbial Boundaries in Peri-Implantitis

Host response and inflammation

The immune system’s reaction to germs on the tooth im-
plant is very important for how peri-implantitis progresses
and how long it lasts. This happens because biofilm forms
on the surface of the implant, which causes inflammation
cells to destroy surrounding tissues.?>?4! In order to de-
velop peri-implantitis, mouth bacteria and immune cells
like macrophages, dendritic cells, mast cells, and neutro-
phils have to work together in a complicated way.?! Cells
produce pro-inflammatory cytokines such as TNF-a and
IL-1, initiating an inflammatory cascade in peri-implanti-
tis leading to inflammation and bone deterioration.25-27]
Macrophages play two roles in implant function where M1
contributes to dental implant failure by promoting osteol-
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Figure 1. Local and environmental characteristics contributing to decreased dysbiosis and decreased microbiome alpha diversity in

peri-implant disease.!!%
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ysis and amplifying inflammation, while M2 supports os-
seointegration and healing. Additionally, peri-implantitis
samples show a higher prevalence of M1 macrophages, in-
dicating a significant impact on implant progression.!1%-28]
Peri-implantitis is a disease caused by a dynamic host im-
mune response to microbial colonization, characterized by
chemical combinations and immune cells interacting with
the bacterial biofilm which leads to tissue damage.[?*3")

Risk factors and predisposing conditions

Peri-implantitis is mostly caused by the immune system’s
reaction to germs on implants.?*! Peri-implantitis is a con-
dition where biofilm builds up and causes inflammation
to the tissues that support the implant. This is caused by
a complex relationship between the host’s immune system
and the biofilm. 2631

It makes the immune system respond like it does to
periodontal diseases, letting different types of cells like
neutrophils, macrophages, T-cells, and B-cells into the
sores.[3233] Peri-implantitis, on the other hand, causes a lot
of swelling and the usual immune response. This is not the
same as other immunity diseases that hurt tissue.3!] Den-
tal implants may damage tissues and make illnesses worse
because they are structurally different from normal teeth.
They do not have periodontal muscles or Sharpey’s fibers,
which could make the problem worse.!**! Biofilms around
devices are made up of different bacteria, some of which
are similar to those found in periodontitis but have more
goblet cells and staphylococci. The immune system of hu-
mans reacts to these bacteria by making cytokines, chemo-
kines, prostaglandins, and protease enzymes that help with
inflammation and tissue death.[3%3]

Diagnostic approaches

Peri-implantitis can be diagnosed in several methods,
including clinical evaluations, imaging methods and mi-
crobial tests.® Early detection of marginal bone loss is
important for planning treatment and figuring out how
bad diseases like peri-implantitis are. Traditional two-di-
mensional (2D) imaging methods, such as intraoral and
panoramic radiography, are not as good as cone beam
computed tomography (CBCT). Compared to intraoral
radiographs, it gives more thorough information about
bone defects, especially when it comes to finding vestib-
ular dehiscence and measuring the depth and width of
defects.3% Even though CBCT has some benefits, it is not
often used in clinical settings because it is expensive and
hard to get. It is better than 2D imaging methods, which
are less expensive and expose people to less radiation. But
2D images can have problems such as warping, loss of spa-
tial clarity, and enlargement, which could lead to wrong
conclusions.* Also, most 2D imaging methods cannot
properly spot some situations (this is a problem with all 2D
methods), especially in the oral and tongue areas. It is im-
portant to think about each patient’s unique needs when

coming up with effective testing methods for safely find-
ing and treating peri-implantitis. When picking between
periapical radiography, panoramic mouth radiography,
and cone beam computed tomography, some of the things
that need to be taken into account are the amount of im-
plants, the type of implants used, and health problems like
diabetes or osteoporosis.'®3:34 Like in periodontitis, the
germs in peri-implantitis biofilms are not specialized and
are very different from one another. When someone has
peri-implantitis, they often have Staphylococci and gut
germs.’”) By looking at illnesses and the immune system’s
reaction to them, this comparison is key to understanding
what causes peri-implant diseases.?®3! Microbiology tests
are very important for finding and stopping peri-implanti-
tis early on because they help us understand how it works
at the molecular level. Collecting and analyzing peri-im-
plant crevicular fluid without hurting the patient can show
how quickly the situation is getting worse. This could be
because of more inflammation and a natural immune
reaction, which causes serious tissue damage and faster
progression. Differences in the structure between normal
teeth and implants may also play a role.2526:37)

Therapeutic strategies and management

New developments in photodynamic therapy and
host-modulating drugs have changed the way peri-im-
plantitis is treated, mixing non-surgical and surgery meth-
0ds.3?) For better long-term results, surgery like augmen-
tative therapy is often needed for severe peri-implantitis.
However, mechanical and antibiotic treatments work better
in the early stages.*8! When choosing patients for advanced
treatments, it is important to think about things like their
overall health, the type of surgery they need, and their per-
sonal tastes. Problems with implementation include the
need for technical know-how and patient teamwork. Even
though they cost more at first, modern methods can save
money in the long run because they work better and less
often. %]

For diabetic patients with multiple implants, doctors
may use CBCT imaging and antimicrobial treatment. For
more complicated cases, like serious peri-implantitis with
significant bone loss!*, augmentative treatment and graft
placement are better. Case studies on photodynamic treat-
ment (PDT) could show its benefits and usefulness in real
life, which could lead to more doctors using it.[!*]

Non-surgical treatment

o Mechanical therapy: The effectiveness of mechanical
non-surgical methods like root planing and scaling in
treating peri-implant mucosal lesions has been dem-
onstrated.3?)

o Antimicrobial mouth rinses: Using antimicrobial
mouth rinses, such as chlorhexidine, enhances the
effectiveness of mechanical treatments for mucosal
lesions. 132381
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« Antibiotics: The use of local or systemic antibiotics
can reduce bleeding on probing and probing depths
in peri-implantitis lesions.

o Laser therapy: Laser therapy has shown minor ben-
eficial effects on peri-implantitis, although its efficacy
requires further evaluation. 38!

Surgical treatment

e Open flap debridement (OFD): This method in-
volves exposing the implant surface for direct de-
bridement, thereby mitigating inflammation around
the implant.[3238]

o Respective therapy (RT): Indicated for supracrustal
bone defects, RT involves the reduction or removal of
pathological peri-implant pockets, with procedures
like implantoplasty.(38]

o Augmentative therapy (AT): Known as regenerative
treatment, AT involves flap elevation, mechanical de-
bridement, and placement of graft material, aiming
to regenerate bone defects and achieve re-osseointe-
gration. AT has been shown to be superior to OFD in
improving the peri-implantitis outcomes.3")

o Combination therapies: These surgical treatments
are often combined with adjuvant therapies like la-
ser therapy, photodynamic therapy, and local anti-
biotics.*”!

Recent advancements and potential
future therapies

o Photodynamic therapy and pharmacological
agents: These have emerged as successful treatment
options, focusing on the reduction of microbial load
and eradication of pathogenic bacteria.l”!

o Host modulating therapies: These novel therapeutics,
which act on the host immune mechanism, have shown
effectiveness in treating peri-implant diseases.[3?]

o Advanced surgical modalities: The use of guided
bone regeneration, artificial intelligence, micro CT,
and computer-assisted diagnosis and surgery repre-
sent the latest advancements in surgical treatment
options for peri-implantitis.**!

Role of antibiotics and antimicrobial
therapy

The management of peri-implantitis involves the strategic
use of antibiotics and antimicrobial agents, both systemi-
cally and locally.[!)

Systemic antibiotics

Systemic antibiotics have not consistently been shown to
improve clinical outcomes in the surgical treatment of
peri-implantitis. Most systematic reviews and studies show
little to no significant long-term benefit from the adjunc-

Microbial Boundaries in Peri-Implantitis

tive use of systemic antibiotics. However, some evidence
suggests a temporary advantage in certain situations, such
as cases involving modified surface implants.[3740]

For decades, the use of systemic antibiotics before sur-
gery in peri-implantitis sites (e.g., brushes, insertion de-
vices, lifting devices) has been a contentious issue. While
existing implant placement protocols recommend antibac-
terial prophylactic measures, further studies have shown
that such treatment does not enhance implant survival in
straightforward surgeries involving healthy individuals.
The lack of high-quality data from randomized controlled
trials (RCTs) and the wide variability in diagnostic criteria
contribute to the ongoing debate regarding the effective-
ness and necessity of systemic antibiotics in the treatment
of peri-implantitis.[“*#!) Although systemic antibiotics are
generally contraindicated for peri-implantitis, amoxicillin
and metronidazole are often used due to their broad-spec-
trum efficacy against aerobic and anaerobic bacteria, re-
spectively. Clindamycin is an alternative for individuals
allergic to penicillin, while azithromycin offers the added
benefits of biofilm penetration and inflammation reduc-
tion. Doxycycline serves as both an antibacterial agent and
a matrix metalloproteinase inhibitor, helping to prevent tis-
sue damage.[4041]

Local antibiotics

The use of locally administered antibiotics significantly
reduces peri-implantitis indicators like peri-implant prob-
ing depth and bleeding on probing compared to control
groups.l®! Several studies show that applying antibiotics lo-
cally lowers probing pocket depth and bleeding much more
than applying them non-locally. This shows that it works
and does not have any bad effects. (4]

Along with mechanical cleaning and chemical washing,
local antibiotics like minocycline nanoparticles and doxy-
cycline gel are used to get the drugs to the spot where they
are needed. Antibiotics are delivered to gaps around im-
plants by tetracycline fibers, metronidazole gel fights anaer-
obic infections, and chlorhexidine chips kill germs. Even
though they do not have big effects, local medicines can
help treatment work better.[4!]

CONCLUSION

Peri-implantitis progression is influenced by the host im-
mune system, biofilm and bacterial presence. In order
to treat this oral condition, early detection, preventative
measures, and advanced therapies are essential. Advanced
surgical techniques and host-modulating therapies show
promise for treatment results.
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Pe3iome

B 06macTy MMIUIAHTONOIMM IEPUMMIVIAHTUT HO-TIPEXHEMY SBIACTCA PACIPOCTPAHEHHBIM OCTIOKHEHNMEM Heyhad MMIUIaHTALUM.
[Togo6HO TApOJOHTO3Y, 9TOT BUJ, MATOIOTMYECKOTO COCTOSHMS XapaKTepUsyeTCsl BOCIAJIEHMEM TKaHell, OKPYXKAIOLUX 3yOHbIE
MMIUTaHTATBI WM IIOMOBIL. BBUIO IOKa3aHO, YTO MCTOYHMKAMM MHGEKIMN ABISAIOTCA XPOHMYECKIIT TAPOJOHTUT 1 IIVIOXOM YXOF 3a
nécHamit. B aToM 0630pe 6bI/I0 IPEAIPUHATO THIATEIbHOE H3yYeHIe CTIOXKHBIX KOMIIOHEHTOB [IEPUMMIIAHTHTA C L{e/IbIO BBIABICHNs
O0LIMX XapaKTePUCTHUK 3a60/IeBaHNs B OTHOLIEHNN GaKTepHil, 00pasoBaHmst OMOIUIEHKM, MIMMYHOTIOTMYECKIX PeaKIMil PeLMINeHTa,
[VATHOCTMYECKUX MHCTPYMEHTOB M TePAIeBTUYECKMX METOHOB JedeHus. Llelplo 3TOro mMccaefoBaHus ObUIO IHPETOCTABUTD
HOPOGHBI 0630p PasiANYHBIX BUJOB GAKTEPHMil, CBASAHHBIX C IEPUMMIVIAHTUTOM, KIMHMYECKMM COCTOSIHMEM, NOXOXKMM Ha
[APOJOHTUT, XapPAKTEPHUIYIOLMMCs G0/Iee BBICOKOI PacIpOCTPaHEHHOCTBIO CTadIIOKOKKOB I KMIIEYHbIX GakTepuit. VccnenoBane
HOJYEPKMBAET BAKHOCTD HCIONB30BAHMA CIOKHBIX AMATHOCTHYECKMX METOMOB, TAKMX KAaK KOHYCHO-/Iy4eBas KOMIIBIOTEPHas
tomorpadust. OHO OXBATBIBAET PsJi TePaNeBTMYECKMX IOJXOMOB, BKIIOYas XMPYPIUYecKue M HeXUPYpPrideckie MeTOfbI, a TaKkKe
cTpaTeryy, HOfYepKuBaoONe MOAM(UKAIMIO penyummeHTa 1 GOTOAMHAMMYECKOE fedeHne. VIccenoBaHme MPOBOAMIOCH C
UCIOIb30BaHNEM COOTBETCTBYIOIVX ITyOIMKALMII M3 HAyYHBIX 6a3 JaHHBIX, BKIO4Yas Scopus, Google Scholar, PubMed n Web of
Science. MBI OCYI[eCTBIIN MOUCK B 9TUX 0a3ax [AHHbIX, MICIIOMb3Ys CIEAYIOLINe TEPMIHBIL: IIAPOJOHTUT, MUKPOOHBIIL, IeHTaIbHbIE
MMIUTaHTATBI, IEPUUMIVIAHTHT U 06pa3oBaHue OMOIIEHKM.
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