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Techniques for conservative treatment of peri-implantitis
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Abstract. Relevance. Dental implants are widely used to restore the patient’s teeth. They have become a worthy alternative
to removable dentures. With the accumulation of clinical experience, the indications for dental implantation expanded, and as
a result, the evaluation of long-term results became possible. In parallel with the expansion of clinical use of dental implants
and the introduction of the technology into everyday practice, the experience of complications and errors accumulated, and
from single publications in the 1990s, at the very beginning of development, to large-scale studies in the 10s. And if in the early
period of implantology development the success of treatment was mainly associated with implant survival, then modern research
focuses on the state of tissues around the implant, and the influence of processes in them on the overall outcome of treatment.
One of the main complications is inflammation of peri-implant tissues — peri-implantitis. Modern authors define peri-implantitis
as an inflammatory process affecting the tissues around a functionally integrated implant, resulting in loss of supporting bone.
Continued bone loss around the implant can significantly impair implant stability and function. The authors review the scientific
literature describing experimental conservative treatment protocols for peri-implantitis and attempts to achieve osseointegration.
Conclusion. The reviewed literature advocated various methods of surgical regenerative treatment for peri-implantitis, including
the use of bone substitutes, methods of detoxification of implant surfaces, and the administration of antimicrobial agents. There
are many different protocols for the treatment of peri-implantitis; they all share the same goal of reducing disease progression and
bone loss by eliminating bacterial infection. The controversy over the proper approach to treating peri-implantitis and restoring
osseointegration clearly demonstrates the need for more research to answer this question.
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Introduction

Implants are widely used to replace missing
teeth 1-4]. The widespread use of implants has also led to
the accumulation of experience with complications 5-8].
One of the main complications is inflammation of the
peri-implant tissues — peri-implantitis [9-16].

Since the 1982 Toronto (Canada) conference de-
voted to the problems of morphofunctional interaction
between implants and bone tissue recognized the process
of osseointegration as the most optimal relationship
between the implant surface and bone tissue [3, 11, 17],
dental implantation has formed a separate independent
financial and knowledge-intensive branch of medicine.
For example, according to IData Research as of 2021,
the dental implant market in the United States was
$1.1 billion and is projected to grow to $1.5 billion
by 2025 [18]. Domestic market research also notes
the growth trend of the dental implant market in the
Russian Federation [19]. So according to Discovery
Research Group, the volume of the Russian market of
dental implants in 2016 was 116 258 thousand dollars,
for the first half of 2017 this figure was already 59920.1
thousand dollars [20].

The analysis of scientific publications for the period
from 2010 to 2020 shows the constant improvement of
dental implant technologies and the search for ways of
development. So the resource https://pubmed.ncbi.nlm.
nih.gov on a request “dental implant” gives out 2108
publications in 2010, in 2015-3355, in 2020-3404.
The bibliographic database of scientific publications
in Russia eLibrary also shows a growing interest of
Russian scientists in this field of research: from 104
publications in 2010 to 220 in 2019 by the request
“dental implantation”.
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In parallel with the expansion of clinical application
of dental implants and introduction of the technology
into daily practice, the experience of complications and
errors was also accumulated, from single publications in
the 1990s, at the very beginning of development [5-8],
to large-scale studies in the 10s [9-14].

In the very first publication that we found in the
sources available to us, dated February 1990, researchers
from the University of Pennsylvania note the increased
concentration of staphylococci and their role in implant
rejection [21]. Also in 1990, French clinicians already
published an article outlining the objectives of post-im-
plant periodontal treatment, which are limited not only
to eliminating the pocket around the implant, but also
to creating keratinized attached gingiva around the
implant neck and stating the importance of maintaining
healthy gums around the implant and preventing the
development of gingivitis into peri-implantitis [22].

As clinical experience accumulated, the indica-
tions for dental implantation became broader, making
it possible to evaluate long-term results. In the early
period of implantology, treatment success was mainly
associated with implant survival, but modern research
focuses on the state of the tissues around the implant and
the influence of their processes on the overall treatment
outcome [23-26]. It should be noted that from the very
first publications and throughout the time of the issue
research, peri-implant tissue diseases are quite logically
compared with periodontal diseases [27-30], and mostly
similarities in etiology and pathogenesis are found, but
there are also modern publications, the authors of which
question the similarity of mechanisms of these diseases
development. Modern authors define peri-implantitis as
an inflammatory process that affects the tissues around
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a functionally integrated implant, resulting in loss of
bone support. Continued bone loss around the implant
can significantly impair implant stability and function
[31].

Peri-implantitis is treated surgically: removal
of the implant, or removal of the cause followed by
regenerative therapy to restore the lost bone [32-35].

There are many different ways to antisepticise the
implant surface during surgical treatment. For example,
with citric acid, delmopinol, chlorhexidine irrigation,
air-abrasive powder device, rotating pumice brush,
carbon dioxide laser, or gauze/ cotton balls soaked in
saline and/or chlorhexidine [36—38]. In addition to the
above, autologous bone grafts and bone tissue analogues
with or without a membrane may be used to promote
osseointegration of the implants [39].

One of the main treatments for peri-implantitis is
the regenerative technique, which involves flap lifting,
mechanical treatment of the root, and placement of
bone graft material with or without a membrane [40,
41]. F. Schwarz studied the treatment of moderate
peri-implantitis in 22 patients using nanocrystalline
hydroxyapatite (NHA) and natural bone mineral in com-
bination with a collagen membrane [42]. The researchers

followed the patients for two years after treatment and
found that there was a significant reduction in the depth
of the pocket near the implant.

O.P. Mishler and H. J. Shiau developed an algorithm
to help clinicians make decisions about the treatment of
peri-implantitis [43]. The algorithm assumes a stand-
ard dental implant diameter of 11.5 mm. Patients with
shorter implants should be warned about the risk of
implant loss due to bone resorption around the implant.
The authors suggested conservative treatment for mild
peri-implantitis, while regenerative therapy is indicated
for moderate to severe peri-implantitis. Based on the
proposed methods of treatment of peri-implantitis in
the reviewed scientific articles, a scheme of treatment
tactics for patients with signs of peri-implantitis was
drawn up in Figure 1.

The literature we reviewed advocated various
methods for surgical regenerative treatment of peri-im-
plantitis, including the use of bone substitutes, methods
of detoxification of implant surfaces, and prescription of
antimicrobial agents [44, 45]. This raises an important
question: What is the best approach among the various
methods of regeneration restoration?

Fig. 1. Summary of peri-implant disease treatment
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Materials and methods

Search Strategy

The PubMed database was searched electronically
for experimental studies including induced peri-implan-
titis and attempts to achieve osseointegration reinsertion
from 1997 to December 2020. A manual search of ref-
erence studies in previous articles on a similar topic
was also performed.

Inclusion criteria:

1. Studies of induced peri-implantitis in animals
(vivo studies).

2. Publications in English only.

3. Attempts or treatments to achieve re- osseoin-
tegration.

4. Surgical approaches only.

Exclusion criteria:

1. Studies involving pre-created defects prior to
implant placement.

2. studies involving supracrestal implants (partial
placement).

3. Invitro and clinical studies.

4. occlusal overload to initiate peri-implantitis.

The search strategy used was as follows: surgical
treatment peri implantitis.

The results were combined with a manual search of
the bibliographies of all full-text articles and relevant
reviews selected from the electronic search.

An initial electronic search yielded 431 article titles.
Independent rechecking of these titles and abstracts
identified 8 articles that met our criteria for inclusion in
this review. The main reasons for exclusion were articles
not investigating bone implant contact, reviews, articles
dealing with the etiology of peri-implantitis, clinical
studies, lack of histologic findings, case reports, and
surgically created peri-implantitis defects.

This review focused on the surgical treatment of
peri-implantitis, thus all studies included open flap
surgery to degranulate and mechanically treat infected
implant surfaces and resulting bone defects. Several
methods of decontamination of infected implant surfaces
were evaluated.
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Results and discussion

Antiseptic surface treatment

Chemicals

Several chemical solutions (liquids) for decontam-
ination of infected or exposed implant surfaces have
been tested. S. Schou and colleagues compared the
surface cleansing ability of air-force abrasive block,
citric acid, chlorhexidine, and saline; the results showed
no significant difference [46—48]. Similar results were
obtained in a study by L. G. Persson and colleagues,
in which a combination of CO, laser and H was used
in comparison with the use of cotton balls moistened
with physiological solution [49]. It was stated that the
simplest method of implant surface cleaning with gauze
moistened alternately with chlorhexidine and saline was
preferred for implant surface preparation in the surgical
treatment of peri-implantitis. T. M. You and colleagues
used gauze soaked alternately in chlorhexidine and
saline, whereas F. Schwarz and colleagues used cotton
balls soaked in saline and irrigation with saline [17, 50].

The study of L. Sennerby and colleagues used cotton
balls soaked in saline to clean the contaminated implant
surface, but their study was to analyze the use of resonance
frequency techniques to detect bone-to-implant contact
[51]. A Parlar and colleagues used specially designed
implants that consisted of a basal part and a replacea-
ble intraosseous implant cylinder (EIIC) to remove the
infected and disintegrated implant part and sterilize it
outside the oral cavity or replace it with a new implant
part [52]. The purpose of this experiment was to evaluate
different decontamination methods and implant surface
configurations for the re- osseointegration of contaminated
dental implants. The results did not prove the advantages
of replacing EIIC with new or cleaned in situ by spraying
saline solution under pressure for 3 minutes.

S.Y. Park and colleagues used Aqua-pikVR (Aqua-
pik, Seoul, Korea) at high pressure (1200 pulses/min)
and SuperflossVR thread (P&G, Cincinnati, Ohio)
impregnated with chlorhexidine to decontaminate
exposed surfaces treated with alumina and acid [53].
E.E. Machtei and colleagues used 24% EDTA after
open flap debridement to decontaminate the surface
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of thirty implants [54]. M. Htet and colleagues used
citric acid to decontaminate the implant surface [55].

Mechanical method

Surgical treatment of peri-implantitis includes
flap or open access surgery. Along with the previously
mentioned techniques, the authors performed sanation
of the infected implant surface by several methods, from
curettes to lasers. Debridement of granulation tissues
and cleaning of the implant surface are important steps,
thanks to which regeneration or even reointegration
can be achieved. S. Schou and colleagues used a com-
bination of flap surgery, citric acid irrigation and saline
solution to decontaminate the surface, resulting in the
highest re-integration rate (46%) compared to other
study groups [46—48]. S. Stiibinger and colleagues used
CO, laser, air-powder abrasive and their combination to
decontaminate titanium plasma implants in 6 dogs [56].
The results showed that the CO, laser alone (0.69%)

or in combination with air-powder abrasive (0.77%)
was effective.

In the study by F. Schwarz and colleagues, implan-
toplasty was the method of choice. The experimental
study was conducted on beagle dogs [57]. The sites
of intraosseous defects were filled with particles of
bone-plastic material of natural bovine origin.

Smoothing and polishing of the implant area was
performed after cleaning the infected implant surface
with cotton balls moistened with physiological solu-
tion. Diamond burs and Arkansas stones were used
under abundant irrigation with sterile saline solution.
It was concluded that implantoplasty is a safe and
effective treatment for the supracrestal peri-implant
defect. The importance of polishing the implant sur-
face is illustrated in Figure 2. This figure shows the
accumulation of plaque stones, after cleaning which
the implant surface was polished.

Fig. 2 Four treatment options were randomly distributed among the implants.

A) Granulation tissue removal and surface debridement were performed using curettes; B) for surface debridement, CPS was
homogeneously applied to all exposed areas of the implant surface and all remaining soft plague was removed under moderate
pressure; C) followed by thorough irrigation with sterile saline. Implantoplasty was performed around the implants;

D) the experimental sites were left closed for healing for 12 weeks, modified [57].
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Laser therapy has also been considered in some
studies [50, 58—-60]. Laser therapy is becoming
increasingly common in dentistry. For example,
photodynamic therapy (PDT), which works by using
a low-density laser beam with a photosensitizer, targets
specific cells, causing permanent cell damage. A study
by JA Shibli et al used PDT using a GaAlAs diode
laser and toluidine blue O as a photosensitizer to target
bacteria and clean the implant surface after induced
peri-implantitis [58].

Some studies have used laser devices to clean the
infected implant surface without using a photosensitizer.
L.G. Persson and colleagues evaluated the use of
laser together with continuous activation of hydrogen
peroxide solution [49].

F. Schwarz and colleagues used a YAG laser to
study peri-implantation wound healing in comparison
with a plastic curette with a gel containing metronidazole
and an ultraviolet device in which energy from
vertical vibration of the instrument was transmitted
to the implant surface, tissues around the implant, and
suspensions of hydroxyapatite particles and water [60].
As a result, the best result was observed for the Er:
YAG laser, which was 44.8%. M Htet et al used the
Er: YAG laser (wavelength 2.940 nm, 100 MJ/pulse,
10 Hz) for surface decontamination of anodized surface
implants compared with PDT using a GaAlAs diode
laser (830-nm, 50 MW,4 J/cm2) versus a titanium drill
(1 mm diameter round tip) at 800 rpm with plenty of
irrigation with saline for 2 minutes [55].

Their results showed that the combined mechanical
and chemical treatment (titanium drill with citric acid
group) resulted in significantly greater vertical bone
height than the other groups and significantly improved
bone to implant contact (22.81% + 14.45%) than the
Er: YAG (13.76% + 17.23%), PDT (2.7% + 5.85%)
and bur groups (8.09% + 12.15%).

Regenerative therapy
The goal of all peri-implantitis treatments is to
achieve osseointegration on the previously contaminated
implant surface. After removal of granulation tissue and
elimination of bacterial biofilm, several osseointegration
techniques have been evaluated using bone substitutes or
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bone graft\without a membrane. After surgical treatment
of peri-implantitis, several methods have been tried by
a number of investigators to promote osseointegration
re-integration [46—48, 58, 59]. As a rule, they varied
with or without using a membrane together, with or
without a bone graft or bone substitutes.

S. Schou and colleagues performed 3 experiments
on the surgical treatment of peri-implantitis. In the first
2 they studied an expanded polytetrafluoroethylene
(ePTFE) membrane with an autologous bone graft
and an ePTFE membrane with bio-Oss [46—48].
It is concluded that autogenous bone graft or bone
substitutes (Bio-Oss) with ePTFE membrane was the
best combination for reointegration. However, in the
autologous bone graft group, reointegration was 45%,
whereas in the Bio-Oss group it was 36%.

In another experiment analyzing 4 different
strategies for antiseptic treatment of the implant surface,
an autologous bone graft and an ePTFE membrane were
used. The autogenous bone graft with ePTFE membrane,
by its insignificant result, can promote a significant
degree of osseointegration regardless of the surface
disinfection methods.

The authors concluded that treatment with
photosensitization could lead to significant bone
repair with osseointegration re-integration. Later,
they conducted another study in which they
compared a mechanical treatment method with
photosensitization and a mechanical treatment without
photosensitization [58]. The results coincided with
their previous study.

In addition, the study by Persson and colleagues
used only flap surgery in combination with surface
disinfection procedures [49]. They suggested
that a contaminated surface does not prevent
osseointegration, at least not in implants with a rough
surface. They explained that the lack of significant
results may indicate that surface characteristics are
important for osseointegration reintegration.

Although it is impossible to assess the extent to
which bacterial colonization in the implant area may
have influenced bone regeneration and the subsequent
establishment of new bone-implant contact, the Er:
YAG laser promoted osseointegration.
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In a study by T.M. You and colleagues, an
autologous bone graft, with and without platelet-enriched
fibrin, was tested after cleaning the contaminated
implant surface with gauze soaked alternately in 0.1%
chlorhexidine aqueous solution and physiological
solution [17]. Repeated osseointegration (50.1%) was
observed in the group treated with autologous bone graft
in combination with platelet-enriched fibrin without
using a membrane.

In the studies of L.G. Persson et al. and F. Schwarz and
colleagues a layer of connective tissue appeared between
the implant surface and the bone [50, 60]. The common
fact is that these studies did not use a collagen membrane,
which is usually used to prevent the growth of connective
tissue and epithelium in peri-implant bone defects.

The S.Y. Park and colleagues study treated peri-
implantitis with flap elevation in combination with three
treatment modalities: Hydroxyapatite particles mixed
with collagen gel (control group, n = 8), hydroxyapatite
particles mixed with collagen gel containing autologous
periodontal ligament stem cells (PDLSCs) (PDLSC
group, n = 8) and hydroxyapatite particles with collagen
gel containing BMP-2-expressing autologous PDLSCs
(bone morphogenetic protein 2/PDLSC group, n = 8) [61].

In group 2/PDLSC, the histological results showed
a significantly greater amount of osseointegration of
the bone (2.1 mm). However, there were no significant
differences between the groups with regard to the new
contact with the bone implant.

For the regenerative procedure, E.E. Machtei and
colleagues used beta-tricalcium phosphate (b-TCP)
coated with resorbable membrane and injected with
endothelial progenitor cells (EPC) loaded on b-TCP
and coated with resorbable membrane and compared
with the group without grafting [54].

The EPC group had a shorter distance to the first
BIC (3.29 £ 0.69 mm) compared to 4.2 + 0.92 mm
(b-TCP) and 3.82 £+ 0.73 mm (mechanical implant
surface cleaning (dibredge) with open flap). Mean
histologic BIC was 2—3 times higher in the EPC group
(17.65% + 3.3%) compared with open flap debridement
(7.55% + 2.24%, P = 0.01) and b-TCP (5.68% + 2.91%,
P =0.05). BIC greater than 25% was found only in the
EPC group.
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Conclusion

Since implantation is used more and more
frequently every year, the number of complications
is increasing. The increase in publications every year
corresponds to the constant interest of researchers in
the topic. The search for optimal treatment methods for
peri-implantitis is ongoing. In this topic, methods of
antiseptic treatment of the implant surface used either
separately or simultaneously with and without directed
bone regeneration were reviewed.

Despite the fact that in most cases flap surgery
was performed, it is noted that, for the best treatment
outcome, repeated antiseptic treatment by chemical or
mechanical means is necessary. With regard to implant
surfaces, the best osseointegration was observed with
roughened implant surfaces combined with guided
bone regeneration.

Treatment of peri-implantitis is unpredictable,
but surgical treatment combined with chemical and
mechanical antiseptic treatment of the implant surface
may be considered the most reliable treatment. Laser
therapy is a relatively new method of treatment that
needs more research to determine the best laser
parameters to use.

Currently, there is no consensus on the etiology
of peri-implantitis, and new ways and approaches to
prevent and treat this disease are still being sought.
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AHHoTanms. AKTyalbHOCTb. [leHTaTbHble UMILIAHTAThI MOTYYH/IY IIMPOKOe IPUMeHeHHe [11s1 BOCCTaHOB/IEHUs 3yOHBIX PsifIoB
y narperta. OHM CTamu I0CTOMHOM abTepPHAaTHBOM CheMHBIM MpoTe3aM. [10 Mepe HaKOTUIeHHsT KITMHUUECKOTO OTIbITa, LIMPUINCH
TOKa3aHus K JIeHTaIbHOM UMITTaHTaluy, B pe3y/IbTaTe uero cTajia BO3MOKHOM OlleHKa OTAaleHHbIX pe3y/nbTaToB. [lapaniensHo
C paclIMpeHNeM KIIMHUYeCKOTO TPUMeHeHUs /IeHTalbHbIX MIMIUIAHTaTOB Y BHEJJPEHHUEM TEXHOJIOTUU B TIOBCEAHEBHYIO MPAKTHKY,
HaKaruIuBaJICs ¥ OTTBIT OCJIOKHEHWH U OIIMOO0K, U OT eJUHUYHBIX NyOnvKauyii B 1990-X I'T., B caMOM Hauasie pa3BUTHS, 10 Mac-
mTabHBIX McceoBanuii B 10-x. VI ecsi B paHHEM TIepUo/ie Pa3BUTHS UMITJIAHTOJIOT UM YCIIeX JIeYeHUst CBSI3bIBa/IM B OCHOBHOM
C BbDKMBAEMOCTbBIO UMITIAHTATOB, TO COBPEMEHHBIe MCCIIe/0BaHKsI (POKYCHUPYIOTCS Ha COCTOSIHUM TKaHel BOKPYT UMIUIaHTaTa,
Y BJIUSTHUIO TIPOLIECCOB B HUX Ha 001 ncxop gedeHust. OHO U3 OCHOBHBIX OCJIOKHEHWH — BOCIa/IeHre TTePUHUMITIAHTHBIX
TKaHel — repurMIIaHTUT. COBpeMeHHbIe aBTOPBI OTPe/IeIsIIOT MEPUMMITIAHTUT Kak BOCIAIMTe/TBHBIN MPOLIeCC, MOPaXKAFOILUH
TKaHU BOKPYT (YHKIMOHANTBHO MHTETPUPOBAHHOTO MMILJIAHTATa, YTO MPUBOAUT K MOTepe OMopHOoW KocTu. [IpoformKaroiascs
TOTepsi KOCTHOM TKaHU BOKPYT MMIIJIAHTaTa MOXKET 3HAUUTEJTbHO YXY/AIIUTL CTa0UIBHOCTD U (YHKLIMIO MMITIaHTata. PaccMoTpeHa
HayuHasi IMTepaTypa, B KOTOPOM OIMUCHIBAIOTCs POTOKOJIbI IKCIIEPEMEHTATbHOTO KOHCePBAaTUUHOTO JIeUeHHs! TepUMMILIaHTHTa
Y TIOTIBITKU JOOUTHCS TIOBTOPHOM OCTeOUHTerpaLun. Bbigodbl. B paccMOTpeHHOW Hay4HOW JIMTepaType MpomnaraHupoBaIiuch
Pa3NrYHbIe METO/bI XUPYPrYeCKOro PereHepaTHBHOTO JieueH s TepUMMIUIaHTUTA, BKITIOUast UCTIOb30BaHHe 3aMeHHTe el KOCTH,
MEeTOZbI IeTOKCHUKALIUY MTOBEPXHOCTEH UMIIJIaHTaTOB, Ha3HaUeHHsT MPOTHBOMUKPOOHLIX rperaparoB. CyllecTByeT MHOXEeCTBO
Pa3NMUYHBIX MTPOTOKOJIOB JIeYeHHs] IePUMMILIaHTUTA; BCe OHU 00beIMHEHbB! OJJHOH 11eJTbI0 — CHIDKEHHE TTPOTrpeCcCUpOBaHUs
3abosieBaHMsl ¥ TIOTEPU KOCTHOW TKaHU IyTeM ycTpaHeHus bakTepuanbHOH nHpeKuu. Criopbl OTHOCUTEBHO TPaBUIBHOTO
TI0/IX0/1a K JIEUeHHIO TIEPUMMIIIAHTUTA U BOCCTAHOB/IEHUIO 0CTEOUHTETPALUH, OUeBU/IHO, IEMOHCTPUPYIOT TOTPeOHOCTE B Oostee
PaCIIMPeHHBIX UCC/IeIOBAHUSIX AJIsT OTBETA Ha 3TOT BOMPOC.
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