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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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Резюме
ВВЕДЕНИЕ. При лечении периимплантитов важным является значительное купирование воспаления в пе-
риимплантатной области, остановка резорбции костной ткани и стимуляция регенерации тканей. Такое 
возможно при использовании лазерного излучения с эффектами беспигментной лазерной фотоабляции.
ЦЕЛЬ. Повышение эффективности лечения периимплантитов с применением беспигментной лазер-
ной фотоабляции.
МАТЕРИАЛЫ И МЕТОДЫ. Экспериментальное сравнительное исследование у 28 животных с модель-
ным периимплантитом при воздействии лазерного излучения с беспигментной фотоабляцией и ме-
ханической обработки перимплантатной зоны в равных группах. Проведение лечения 70 пациентов 
с перимплантитами в 2-х равных группах по 35 пациентов – с применением беспигментной лазерной 
фотоабляции и механической обработки. В группах оценивали ближайшие и отдаленные результа-
ты по клиническим признакам. До лечения и в ближайшие сроки проводили лабораторный анализ 
С-реактивного белка, S-IgA и кортизола.
РЕЗУЛЬТАТЫ. Морфологический анализ показал, что применение беспигментной лазерной фотоабля-
ции способствует снижению воспаления и ускорению регенерации тканей. Клинический анализ пока-
зал высокую эффективность беспигментной лазерной фотоабляции в 3,2 раза по сравнению с меха-
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нической обработкой. Анализ лабораторного исследования показал, что применение беспигментной 
лазерной фотоабляции способствует снижению СРБ в 7,6, стимуляции S-IgA в 1,2 раза, стимуляции 
кортизола в 1,3 раза по сравнению с традиционной механической и медикаментозной обработкой пе-
риимплантатных карманов.
ВЫВОДЫ. Проведенные нами экспериментальные и клинико-лабораторные исследования подтверж-
дают необходимость применения беспигментной лазерной фотоабляции для повышения эффектив-
ности лечения периимплантитов. 
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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 

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 II, 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 
15th, 30th, 45th and 60th 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 



393

Том 22, № 4 / 2024

В помощь практическому врачу / To help a practitioner

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 I, 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 II, 
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 7th, 14th 
and 21st 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 7th, 14th and 
21st days, a laboratory analysis of peri-implant fluid was 
performed for a quantitative study of C-reactive protein 

(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 I, using diode laser exposure, on the 60th 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 II, 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)
Рис. 1. Морфограмма периимплантатных тканей после моделирования периимплантита – 
воспалительная инфильтрация лимфоцитами (указано стрелками) (гематоксилин-эозин, Zeiss, x50)

Fig. 2. Morphogram of peri-implant tissues in Group I on the 60th day of observation – implant bed (orange arrow) 
(hematoxylin and eosin, Zeiss, x100)
Рис. 2. Морфограмма периимплантатных тканей в группе I на 60-е сутки наблюдения – ложа имплантата 
(оранжевая стрелка) (гематоксилин-эозин, Zeiss, x100)
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Clinical analysis of the assessment of clinical signs 
in the immediate follow-up period showed that on the 
21st day of observation after treatment in Group I, 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 II, 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 7th day after the start of treatment in Group I, 
the CRP level was 1.5 times lower compared to Group II – 
28.4 ± 2.2 mg/l and 41.5 ± 3.6 mg/l, respectively; on the 
14th day of observation in Group I, a significant decrease 
in CRP was noted by 4.2 times compared to Group II – 
7.3 ± 0.9 mg/l and 30.8 ± 3.1 mg/l; and on the 21st day of 
observation in Group I, 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 II – 2.5 ± 0.4 mg/l 
and 18.9 ± 2.0 mg/l (Fig. 4).

The level of secretory S-IgA on the 7th day of obser-
vation was increased by 1.2 times at 397.6 ± 3.1 μg/ml 
and 321.2 ± 2.8 μg/ml, respectively; on the 14th day, the 

Fig. 3. Morphogram of peri-implant tissues in Group II on the 60th day of observation – fields of xanthomatous 
cells with pronounced hemorrhages (arrow) (hematoxylin and eosin, Zeiss, x200)
Рис. 3. Морфограмма периимплантатных тканей во II группе на 60-е сутки наблюдения – участки 
ксантоматозных клеток с выраженными кровоизлияниями (стрелка) (гематоксилин-эозин, Zeiss, x200)

Table 1. Results of clinical studies after treatment 
of peri-implantitis in different groups on the 21st day 
of observation
Таблица 1. Результаты клинических исследований 
после лечения периимплантита в различных 
группах на 21-е сутки наблюдения

Result Group I Group II 

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%)
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Fig. 4. Analysis of the CRP level in the preoperative 
period and at the observation stages in the near future 
(mg/l)
Рис. 4. Анализ уровня СРБ в предоперационном 
периоде и на этапах наблюдения в ближайшем 
будущем (мг/л)

increase in secretory immunoglobulin S-IgA by 1.2 times 
compared to Group II was maintained – 334.9 ± 2.9 μg/ml  
and 283.1 ± 2.5 μg/ml, respectively. The level of secre-
tory immunoglobulin S-IgA also decreased by the 21st day 
compared to Group II by 2.3 times at 128.4 ± 2.5 μg/ml  
and 301.2 ± 2.8 μg/ml on the 21st day (Fig. 5).
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The cortisol level on the 7th day was increased 
in Group I by 1.3 times compared to Group II – 
43.4 ± 2.1 nmol/l and 34.2 ± 1.9 nmol/l, on the 14th day 
in Group I it decreased by 1.5 times compared to 
Group II – 21.6 ± 1.9 nmol/l and 31.6 ± 1.8 nmol/l, 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/l, 
respectively (Fig. 6).

The results of clinical assessment of the peri-implant 
tissue condition 12 months after treatment showed 
“excellent” in Group I in 32 (91.4%) patients, which 
is 3.2 times higher compared to Group II, 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).
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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 (μg/ml)
Рис. 5. Анализ уровня секреторного S-IgA 
в предоперационном периоде и на этапах 
наблюдения в ближайшем будущем (мкг/мл)

400

350

300

200

100

150

II
I

Before
surgery

In 7 days In 14 days In 21 days

I II

250

Fig. 6. Analysis of cortisol levels in the preoperative 
period and at the observation stages in the near future 
(nmol/l)
Рис. 6. Анализ уровня кортизола 
в предоперационном периоде и на этапах 
наблюдения в ближайшем будущем (нмоль/л)

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].

Table 2. Results of clinical studies after treatment 
of peri-implantitis in different groups  
after 12 months
Таблица 2. Результаты клинических исследований 
после лечения периимплантита в различных 
группах через 12 месяцев

Result Group I Group II 

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%)
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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-

free laser photoablation in the treatment of peri-implan-
titis allows for the effective removal of the pathological 
focus in the tissues surrounding the implant by ablation 
of the contents of granulation tissues, with simultane-
ous stimulation of bone tissue regeneration.
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