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Abstract

INTRODUCTION. In the treatment of peri-implantitis, it is important to significantly relieve inflammation in the
peri-implant area, stop bone resorption and stimulate tissue regeneration. This is possible when using laser
radiation with the effects of pigment-free laser photoablation.

AIM. Improving the effectiveness of peri-implantitis treatment using pigment-free laser photoablation.
MATERIALS AND METHODS. An experimental comparative study in 28 animals with model peri-implantitis
under the influence of laser radiation with pigment-free photoablation and mechanical treatment of the peri-
implant area in equal groups. Treatment of 70 patients with peri-implantitis in 2 equal groups of 35 patients —
using pigment-free laser photoablation and mechanical treatment. In the groups, the immediate and remote
results were assessed according to clinical signs. Before and after treatment, laboratory analysis of C-reactive
protein, S-IgA and cortisol was performed.

RESULTS. Morphological analysis showed that the use of pigment-free laser photoablation helps to reduce
inflammation and accelerate tissue regeneration. Clinical analysis showed high efficiency of pigment-free
laser photoablation by 3.2 times compared to mechanical treatment. Analysis of laboratory research showed
that the use of pigment-free laser photoablation helps to reduce CRP by 7.6, stimulate S-IgA by 1.2 times,
stimulate cortisol by 1.3 times compared to traditional mechanical and drug treatment of peri-implant pockets.
CONCLUSIONS. Our experimental and clinical laboratory studies confirm the need to use pigment-free laser
photoablation to improve the effectiveness of peri-implantitis treatment.
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Pesiome

BBEJEHWE. Mpwu nevyeHnn nepumMnaaHTUTOB BaXXKHbIM SIBASIETCS 3HAYMTENIbHOE KYNUPOBaHME BOCMNANEHWS B Ne-
pUUMNAaHTaTHON 061acTu, OCTaHOBKA Pe30pOLMM KOCTHOM TKaHW 1 CTUMYNSLIAS pereHepauumn TkaHen. Takoe
BO3MOXHO NPV MCMOb30BaHNN Na3epPHOro nanydyeHus ¢ addektamm 6eCcnMrMeHTHOM nasepHoi poTtoadbnsaumun.
LLESIb. MoBbiweHne 3P DPEKTUBHOCTU NEHEHUS NEPUMMIMIAHTUTOB C NPUMEHEHUEM BECNUrMEHTHOM nasep-
HoW poToabnaumn.

MATEPUAJIbl U METO[bI. SkcnepnMeHTanbsHOe CpaBHUTENbLHOE NCCNeaoBaHne y 28 XUBOTHbLIX C MOAENb-
HbIM NEPUUMMNIAHTUTOM NPV BO3AENCTBUM NA3EPHOro U3nyyeHns ¢ 6ecnurmMeHTHOM poTtoabnsumen n me-
XaHnyeckom 06paboTku NepuMnNaHTaTHON 30HbLI B pPaBHbIX rpynnax. NpoeeaeHve neveHuns 70 naumeHToB
C NepUMNAAHTUTaMK B 2-xX paBHbIX rpynnax no 35 nauneHToB — C NPUMEHEHNEM BECTTMIMEHTHOW Na3epHoOn
doToabnaumm n mexaHnyeckom obpaboTkm. B rpynnax oueHvBanu 6nanxaliuve n oTaaneHHble pesynbTa-
Tbl MO KJAMHUYECKUM Npu3Hakam. [Jo neyeHns n B 6amxanwine Cpokm NpoBoannm nabopaTopHbIi aHanns
C-peakTunBHOro 6enka, S-IgA n koptusona.

PE3YJIbTATbI. Mopdonornyeckunii aHanua nokasal, 4To npumeHeHne 6ecnmurMmeHTHoW na3epHon ¢poTtoabns-
LMK cNoCcOBCTBYET CHMXEHMIO BOCMNANIEHUS 1 YCKOPEHWIO pereHepaLnmm TkaHein. KnuHuyecknin aHanna noka-
3an BbICOKY 3P EKTMBHOCTb BECMUIMEHTHOWN NnasepHoi doToabnsaunm B 3,2 pasa Nno CPaBHEHUIO C Mexa-
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HUYeckoi 06paboTkoi. AHann3 nabopaToOpPHOro nccrenoBaHUs nokasals, YTo NPMMeHeHne 6eCnMrMmeHTHON
nasepHon dotoabnaumnm cnocobeTByeT cHmxennto CPB B 7,6, ctumynaumn S-1gA B 1,2 pasa, ctumynauum
kopTnaona e 1,3 pasza no cpaBHEHMIO C TPAANLMOHHON MEXAHNYECKON N MeANKaMeHTO3HOo 06paboTKon ne-

pnnMnnaHTaTHbIX KAPMaHOB.

BbIBOJbI. NpoBeaeHHbIE HAMY 3KCNEPUMEHTAJIbHbBIE N KITMHUKO-NabopaTopHbIe UCCNefoBaHNS NOATBEPXK-
[alT HeoOXoAMMOCTb NMPUMEHeHMa 6ecnMrMeHTHON nasepHoin poToabnaunm oNnsa NoBblWEeHUS 3dPeKTUB-

HOCTW nedeHna nepnmMmninaHTnToB.

KnioueBble cnoBa: nepunMMnAIaHTUT, 6ecnurMeHTHas nasepHasd (DOT036J'IF|LI,MF|, ONOOHbIN nasep

UHdopmauua o ctartbe: noctynuna — 30.10.2024; ncnpaeneHa — 05.12.2024; npuHata — 06.12.2024

KoHAUKT uHTepecoB: ABTOPbI cO06LWaoT 06 OTCYTCTBUM KOHMINKTA MHTEPECOB.

BnarogapHocTu: drHaHCUpoBaHMe U MHAMBUAYaNbHblE 61aro4apHOCTY A5 AeKNapupOBaHUS OTCYTCTBYIOT.

Ana uutuposaHua: XekoBa A.A., HyHuxuH A.A., BasnksH 3.A. KnuHMKO-3KcneprMeHTanbHoe 060CHOBaHME
3 PEeKTUBHOCTM NPUMEHEeHN BecnMrMeHTHOM na3epHoin ¢poToadbnaunu npu nevyeHnn nepunMmniaaHTuTa.
OHpopoHTnsa Today. 2024;22(4):000-000. https://doi.org/10.36377/ET-0054

INTRODUCTION

Peri-implantitis is an inflammatory process that af-
fects the soft tissues around the implant and leads to
jawbone resorption [1; 2]. According to some resear-
chers, the prevalence of peri-implantitis is 26.0% in pa-
tients with implants functioning for more than 5 years,
and the incidence increases to 43.9% within 5 years,
depending on risk factors [3]. An important goal of
peri-implantitis treatment is to reduce inflammatory
reactions, stop bone resorption or restore it in order to
improve aesthetic results [4]. Most dentists treat peri-
implantitis surgically or by curettage of pathological
pockets [2; 5; 6]. However, the inability to completely re-
move granulation tissue devalues the results of surgical
intervention. In addition, a key factor in the progression
of peri-implantitis is non-compliance with oral hygiene
measures, which patients often treat rather careless-
ly [2; 3; 8]. Laser technologies have recently been used
for high-quality treatment of damaged tissues around
the implant, which show a significant effect in removing
inflammation products, decontaminating the implant
surface and stimulating bone tissue regeneration [8; 9].
In this regard, the attention of researchers is drawn to
diode laser systems with a wavelength of 1265 nm with
modulation of nanosecond pulsed radiation [1; 6; 10].
Laser technologies are quite widely and effectively used
in various fields of dentistry, including the treatment of
inflammatory periodontal diseases [11; 12]. The diode
laser provides the generation of singlet oxygen in tis-
sues and non-pigmented photoablation, which helps
stimulate reparative processes. Photoablation of epi-
thelial tissue promotes gentle removal of pathological
elements, effective decontamination, and also helps
accelerate metabolism in soft and hard tissues due to
the biostimulation effect [6].

AIM
Improving the effectiveness of peri-implantitis treat-
ment using pigment-free laser photoablation.

MATERIALS AND METHODS

In the experimental part of the study, the effective-
ness of non-pigmented laser photoablation and tra-
ditional mechanical and medicinal treatment of peri-
implant pockets was assessed on the peri-implantitis
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model in experimental animals, New Zealand White
rabbits, using morphological analysis. The studies were
conducted in accordance with the national standard of
the Russian Federation GOST R 53434-2009 “Princi-
ples of Good Laboratory Practice”. The study included
28 animals, which were divided into 2 equal groups.
All animals received dental implants in the diastema
between the incisors and molars on the lower jaw. Af-
ter the osseointegration stage, after 90 days, peri-im-
plantitis was modeled using a ligature wire, which was
installed under the screw-cover for 30 days. Then, to
obtain representative data, 2 animals from each group
were removed from the experiment in order to conduct
a morphological analysis to obtain evidence of obtai-
ning a full-fledged peri-implantitis model. After this, we
proceeded to the stage of exposure to the peri-implant
zone in each group using various factors. In Group I,
laser radiation from a diode laser with a wavelength of
1265 nm in a nanosecond pulsed radiation mode was
used for exposure. In this case, we used an algorithm
developed by us based on the study of previous stu-
dies and an empirical analysis of the destructive and
biostimulating effects of laser radiation. The exposure
algorithm was as follows: during the first procedure,
contact treatment of the peri-implant pocket was per-
formed using an optical fiber with a diameter of 400 nm
and radiation parameters — pulse 50 ns, pause 500 ns,
radiation power 2 W. The next procedure was performed
3 days later using a contactless method with a focal dis-
tance of 1-3 mm for 45 seconds at 4 (four) points me-
dially and distally from the peri-implant zone from the
vestibular and oral surfaces with the following para-
meters: pulse, 500 ns, pause 100 ns, power 5.0 W. The
impact with such parameters was carried out every
3 days in the amount of 7 procedures for 21 days. In
Group Il, mechanical treatment of peri-implant pockets
was carried out using curettes, and antiseptic treatment
was also used. Animals in both groups were withdrawn
from the experiment for morphological analysis on the
15", 30™, 45™ and 60™ days of the experiment, 3 at each
stage to obtain representative data.

The clinical part of the study included examination of
78 patients with peri-implantitis, 70 of whom were sub-
sequently included in the study in accordance with the
inclusion criteria developed by us, the main ones being
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a peri-implant pocket depth of no more than 3.5 mm, no
bone resorption around the implant of more than 1 mm,
and no somatic pathology. All patients signed voluntary
informed consent to participate in the clinical study and
were randomly divided into two equal groups, each of
which included 35 patients. In Group |, peri-implantitis
was treated using pigment-free laser photoablation ac-
cording to the algorithm developed by us, applied and
tested in the experimental part of the study, in Group I,
traditional mechanical and medicinal treatment of the
peri-implant zone was used. To determine the clinical
condition of the tissues of the peri-implant area, patients
were invited for follow-up examinations on the 7", 14"
and 21% days after treatment and in the long-term peri-
ods of 6 and 12 months. Clinical assessment was carried
out using the system we developed for the presence or
absence of clinical signs using a scoring system. In the
short term, the presence of such signs was assessed —
edema, hyperemia, bleeding, in the long term, the clini-
cal status was studied by the following signs — bleeding,
pathological pocket, gingival recession.

In addition, to obtain data on inflammation and lo-
cal immunity when using various methods of treating
peri-implantitis, in the preoperative period and at the
observation stages in the short term on the 7, 14" and
21st days, a laboratory analysis of peri-implant fluid was
performed for a quantitative study of C-reactive protein
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(CRP), secretory immunoglobulin A (S-IgA) and corti-
sol using enzyme immunoassay. All studies were ap-
proved by the Interuniversity Ethics Committee (proto-
col No. 02-21 dated 02/18/2021).

The obtained digital data were processed using the
variation statistics method with the Student’s T-test.
The critical level of significance was considered reliable
at p <0.05.

RESULTS

According to the obtained data of the experimental
study, using morphological analysis, it was proven that
peri-implantitis was modeled in all animals after the in-
stallation of the ligature wire for 30 days. Morphological
images showed inflammatory infiltration of the affected
area by lymphocytes with the formation of abscesses
and extensive hemorrhages (Fig. 1).

In Group |, using diode laser exposure, on the 60" day
of observation, morphological analysis showed that the
formation of fine bone tissue structures in the peri-im-
plant zone was complete, and there were no inflamma-
tory elements at all - lymphocytes and macrophages
(Fig. 2).

In Group Il, 60 days after the start of treatment of
model peri-implantitis, foci of incomplete osteogen-
esis in the peri-implant zone are noted, as well as pro-
nounced lymphocyte-macrophage infiltration (Fig. 3).

(#

Fig. 1. Morphogram of peri-implant tissues after modeling peri-implantitis — inflammatory infiltration

by lymphocytes (arrows) (hematoxylin-eosin, Zeiss, x50)

Puc. 1. Mopdorpamma nepummninaHTaTHbIX TKaHE Nocie MoAeNMPOBaHUSA NEPUNMMNIAHTMTA —
BOCNanMTenbHas MHGUNLTpaLnsa numooumTaMmm (ykasaHo cTpesikamm) (reMaToOKCUINH-303W1H, Zeiss, x50)
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Fig. 2. Morphogram of peri-implant tissues in Group | on the 60" day of observation — implant bed (orange arrow)

(hematoxylin and eosin, Zeiss, x100)

Puc. 2. Mopdorpamma nepummMmniaHTaTHbIX TkaHel B rpynne | Ha 60-e cyTkn HabnioaeHNs — noxa uMmniaHTaTa

(opaHxeBas cTpenka) (reMaTOKCUINH-303UH, Zeiss, x100)
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Fig. 3. Morphogram of peri-implant tissues in Group Il on the 60™ day of observation - fields of xanthomatous
cells with pronounced hemorrhages (arrow) (hematoxylin and eosin, Zeiss, x200)

Puc. 3. Mopdorpamma nepummnnaHTaTHblx TkaHel Bo |l rpynne Ha 60-e cyTkn HabNtioAeHUS — y4acTKum
KCaHTOMATO3HbIX KJIETOK C BbIPAXEHHbBIMU KDOBOU3NNSAHUAMMU (CTPESKa) (FEMaTOKCUINH-303WH, Zeiss, x200)

Clinical analysis of the assessment of clinical signs
in the immediate follow-up period showed that on the
21*tday of observation after treatment in Group |, patients
did not have any negative clinical signs. All 35 (100.0%)
patients had completed tissue regeneration processes,
no signs of edema, hyperemia or bleeding were de-
tected. In Group I, after clinical examination, the result
“excellent” was determined in 12 (34.3%) patients. In
11 (31.4%) patients, the result of peri-implantitis treat-
ment in this group at the observation stage 21 days after
treatment was determined as “good”, with minor local
hyperemia in some areas. The result “satisfactory” in this
group was noted in 8 (22.9%) patients with minor mani-
festations of hyperemia and bleeding in some areas of
the peri-implant zone. It should be noted that at the ob-
servation stage after 21 days, the result with the value
“unsatisfactory” was noted as well as at the previous
stage in 4 (11.4%) patients, in whom all negative clinical
signs were detected — edema, hyperemia and bleeding
in the peri-implant zone (Table 1). All the obtained results
have a statistically significant difference (p < 0.05).

According to the results of laboratory analysis in the
preoperative period, no statistically significant difference
in the values of the studied parameters was revealed.
At the same time, at the stages of treatment, significant
fluctuations were noted in the levels of the studied factors
of peri-implant fluid in different groups, reflecting the re-
lationship between the treatment method and effective-
ness. On the 7" day after the start of treatment in Group |,
the CRP level was 1.5 times lower compared to Group Il -
28.4+2.2 mg/l and 41.5+3.6 mg/I, respectively; on the
14™ day of observation in Group |, a significant decrease
in CRP was noted by 4.2 times compared to Group Il -
7.3%£0.9 mg/l and 30.8+3.1 mg/I; and on the 21 day of
observation in Group |, a complete absence of inflamma-
tion was noted due to a decrease in CRP to normal values
and 7.6 times lower compared to Group Il - 2.5+0.4 mg/I
and 18.9+2.0 mg/I (Fig. 4).

The level of secretory S-IgA on the 7" day of obser-
vation was increased by 1.2 times at 397.6+3.1 ug/mi
and 321.2+2.8 ug/ml, respectively; on the 14" day, the
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increase in secretory immunoglobulin S-IgA by 1.2 times
compared to Group Il was maintained — 334.9+2.9 ug/ml
and 283.1+2.5 ug/ml, respectively. The level of secre-
tory immunoglobulin S-IgA also decreased by the 21% day
compared to Group Il by 2.3 times at 128.4+2.5 ug/ml
and 301.2+2.8 ug/ml on the 215 day (Fig. 5).

Table 1. Results of clinical studies after treatment

of peri-implantitis in different groups on the 21! day

of observation

Ta6nuua 1. Pe3ynsraTthl KITMHUYECKUX UCCeaoBaHui
nocrne nevyeHns NepuUMnIaHTUTa B pasfinyHbixX
rpynnax Ha 21-e cyTkn HabnogeHns

Result Group | Group Il
Excellent 35(100.0%) 12 (34.3%)
Good 0 (0.0%) 11 (31.4%)
Satisfactory 0(0.0%) 8(22.9%)
Unsatisfactory 0(0.0%) 4 (11.4%)

50

40

30+

20+

10

Before

In 7 days
surgery

In 14 days
(g =

In 21 days

Fig. 4. Analysis of the CRP level in the preoperative
period and at the observation stages in the near future
(mg/1)

Puc. 4. AHanna yposHs CPB B npeaonepauoHHOM
nepuoae 1 Ha atanax HabnoaeHus B bnmxariiem
GynyLiem (mr/n)
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Fig. 5. Analysis of the level of secretory S-IgA
in the preoperative period and at the observation
stages in the near future (ug/ml)

Puc. 5. AHanns ypoBHS CEKPETOPHOro S-1gA
B NpeaonepauoHHOM NEPUOAE 1 HA 3Tanax
HabnoaneHusa B bnmxaniwem 6yayLiem (Mkr/min)

The cortisol level on the 7™ day was increased
in Group | by 1.3 times compared to Group Il -
43.4+2.1 nmol/l and 34.2+1.9 nmol/l, on the 14" day
in Group | it decreased by 1.5 times compared to
Group Il - 21.6=1.9 nmol/I and 31.6+1.8 nmol/I, re-
spectively, the cortisol level in the peri-implant fluid de-
creased by 1.7 times with the following average values
in the groups — 15.3+1.5 nmol/l and 25.7+1.8 nmol/I,
respectively (Fig. 6).

The results of clinical assessment of the peri-implant
tissue condition 12 months after treatment showed
“excellent” in Group | in 32 (91.4%) patients, which
is 3.2 times higher compared to Group Il, where the
“excellent” result was noted in 10 (28.6%) patients. In
6 (17.1%) patients of this group, the result was noted as
“good”, in 12 (34.3%) as “satisfactory” and in 7 (20.0%)
the result was noted as “unsatisfactory” in the presence
of all negative signs — bleeding, pathological peri-im-
plant pocket more than 3.5 mm deep and recession of
the gingival margin in the peri-implant zone. In 2 cases,
pronounced mobility of the implant was noted, which
was decided to remove (Table 2).

Table 2. Results of clinical studies after treatment

of peri-implantitis in different groups

after 12 months

Ta6nuuya 2. Pe3ynbTaThl KIMHUYECKNX UCCea0BaHNM
nocne nevyeHns NepuUMnIaHTUTa B pasfiniHbixX
rpynnax yepes 12 mecsiLes

Result Group | Group Il
Excellent 32(91.4%) 10 (28.6%)
Good 3(8.6%) 6 (17.1%)
Satisfactory 0(0.0%) 12 (34.3%)
Unsatisfactory 0(0.0%) 7 (20.0%)

400

350}
300+
2504
200+

150+

100 -

Before

In 7 days
surgery

In14days  In21days

01 Il

Fig. 6. Analysis of cortisol levels in the preoperative
period and at the observation stages in the near future
(nmol/l)

Puc. 6. AHanus ypoBHS KOpTusona

B NpefonepaumMoHHOM Nepmnoae 1 Ha aTanax
HabnoaeHns B Gnmxariwem éyayiiem (HMonb/n)

DISCUSSION

As a result of the study, a new experimental model
of peri-implantitis was obtained for use in studies on
the therapeutic effect on soft and hard tissues during
dental implantation [13]. The comparative morpho-
logical analysis showed that the use of pigment-free
laser photoablation contributes to the completion of
osteogenesis processes and the absence of inflam-
matory infiltration in the peri-implant zone. Based on
the results of clinical observation in the immediate pe-
riod after the treatment of peri-implantitis, it was pro-
ven that the use of the new technology of pigment-free
laser photoablation contributes to a significant reduc-
tion in inflammation in the peri-implant zone, and also
participates in stimulating the processes of tissue re-
generation in the peri-implant area, which helps to in-
crease the effectiveness of peri-implantitis treatment.
The results of clinical observation in the long term af-
ter the treatment of peri-implantitis showed that the
greatest treatment effectiveness is achieved in 91.4%
when using pigment-free laser photoablation. The
conducted analysis of the results of clinical studies in
the treatment of peri-implantitis has proven that the
effectiveness of pigment-free laser photoablation is
3.2 times higher compared to mechanical treatment.
The results of laboratory studies prove the effect of
pigment-free laser photoablation on local inflamma-
tory factors and immune factors due to a decrease in
CRP by 7.6 and stimulation of S-IgA by 1.2 times and
cortisol by 1.3 times compared to traditional mechani-
cal and medicinal treatment of peri-implant pockets.
Based on the results of our clinical and laboratory
study, a new method for the treatment of peri-implan-
titis using pigment-free laser photoablation was de-
veloped, which helps to reduce mechanical trauma,
reduce inflammation, and stimulate tissue regenera-
tion in the peri-implant area [14].
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CONCLUSIONS

In an experimental study on animals, the effective-

ness of pigment-free laser photoablation in the treat-
ment of model peri-implantitis was proven using mor-
phological analysis. The proposed method of pigment-
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