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Abstract
The study evaluated various types of low-intensity photobiomodulatory therapy (PBMT) in reducing acute pain after complex tooth extraction. 
Complex extraction of maxillary molars and premolars (no more than two teeth, on one side) was performed in 119 patients (aged 18-44 years). 
In Group 1 (n = 28), PBMT was not performed. In Group 2 (n = 32), pulsed infrared laser radiation in combination with a magnetic mirror tip was 
used. In Group 3 (n = 30), dental tips with a pulsed infrared laser emitting head were used in the area of ​​the socket formed after tooth extraction. In 
Group 4 (n = 29), a laser head with a continuous red spectrum was used. The exposure time of the tips and heads in all groups was 3 minutes in the 
projection of the extracted tooth. All patients underwent PBMT at 1, 24, and 48 hours after surgery. At these same times, acute pain was assessed 
using a visual analog scale (VAS) and a numerical rating scale (NRS) in millimeters. Acute pain was lowest already on the first postoperative day 
in the pulsed infrared laser group with a mirror magnetic head. Among the PBMT groups, the continuous red laser demonstrated the worst pain 
results. In the group without PBMT, pain requiring medical management persisted for up to 48-72 hours after tooth extraction.
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Резюме
В исследовании были оценены различные виды воздействия низкоинтенсивной фотобиомодулирующей терапии (ФБМТ) на 
снижение острого болевого синдрома после сложного удаления зуба. Сложное удаление моляров и премоляров верхней челюсти (не 
более двух зубов и с одной стороны) было проведено у 119 пациентов (возраст 18-44 года). В 1-й группе (n = 28) не проводили ФБМТ. 
Во 2-й группе (n = 32) применяли импульсное инфракрасное лазерное излучение в сочетании с магнитной зеркальной насадкой.  
В 3-й группе (n = 30) применяли стоматологические насадки с импульсной инфракрасной лазерной излучающей головкой в области, 
сформированной после удаления зуба лунки. В 4-й группе (n = 29) использоваи лазерную головку с непрерывным красным спектром. 
Время экспозиции насадок и головок во всех группах составляло 3 мин в проекции удаленного зуба. Всем пациентам ФБМТ проводили 
через 1, 24 и 48 ч после хирургического вмешательства и в эти же сроки оценивали острый болевой синдром при помощи визуально-
аналоговой шкалы (ВАШ) и цифровой рейтинговой шкалы (ЦРШ) в мм. Острый болевой синдром был самым низким уже в первые 
постоперационные сутки в группе импульсного инфракрасного лазерного излучения с зеркальной магнитной головкой. Среди групп 
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Introduction 
Tooth extraction is a surgical dental procedure 

that can lead to a number of complications [1]. The 
histological healing process of sockets after tooth 
extraction is a four-stage sequential process, including a 
blood clot phase, an inflammation phase, a proliferation 
phase, and a modeling and remodeling phase [2, 3]. 
Following tooth extraction, a blood clot begins to form 
within the first minutes, performing a protective function 
and serving as a matrix for further thrombus formation 
and subsequent healing. During the inflammation 
phase, immune-inflammatory reactions are triggered, 
accompanied by the formation of granulation tissue, 
which is critical for wound cleansing of necrotic tissue 
and creating conditions for healing [1, 4, 5]. Early in this 
stage, acute postoperative pain syndrome develops [6, 
7]. During the recovery phase, active proliferation of 
bone cells, particularly osteoblasts, and the formation 
of a trabecular bone structure are observed, which is 
completed within 4 to 8 weeks after tooth extraction [8]. 
During the modeling and remodeling stage, bone tissue 
maturation and remodeling continue, ensuring the 
mechanical strength and stability of the alveolar ridge. 
These stages are key to successful healing and tissue 
restoration after dental interventions, and understanding 
these processes facilitates the development of effective 
treatment and rehabilitation methods [9].

The search for new methods to accelerate wound 
healing after tooth extraction and improve bone 
restoration is driven by the need for subsequent 
dental implantation [10, 11]. The use of low-intensity 
photobiomodulatory therapy (PBMT) allows for the 
development of new methods for patient rehabilitation 
during dental surgery [12]. The use of low-intensity 
PBMT in dental practice helps to reduce inflammatory 
reactions, has an antibacterial effect, prevents the 
development of pain, and promotes accelerated tissue 
healing in the area of damage due to its immune-
correcting effect [13].

The aim of the study was to evaluate various options 
for the effect of low-intensity PBMT on reducing the 
intensity of acute pain after complex tooth extraction.

Materials and Methods 
All patients were divided into 4 groups. Group 1 

included 28 patients (7 women and 21 men) aged 
18 to 46 years. These patients underwent complex 
maxillary molar extractions without the use of PBMT. 
Group 2 included 32 patients (10 women and 22 men) 
aged 20 to 47 years. PBMT was performed in Group 
2 using a LO-904-25 cutaneous laser emitting head 
with a wavelength of 904 nm and a ZM-50 magnetic 
mirror attachment with a wavelength of 0.89 µm and a 
magnetic field strength of 50 mT. The pulsed radiation 
power in this group was 10 W, and the radiation 
frequency was 80 Hz. Group 3 included 30 patients 
(10 women and 20 men) aged 19 to 43 years. In this 
group, dental tips from the S-1 set were used for PBMT 
together with the LO-904-25 laser emitting head 
with a wavelength of 904 nm. The tips were placed 
in the oral cavity in the area of the socket formed 
after tooth extraction. The pulsed radiation power in 
this group was 7 W, and the radiation frequency was 
80 Hz. Group 4 consisted of 17 men and 12 women 
(29 patients) with complex tooth extraction. For 
PBMT with continuous radiation, a laser head with a 
wavelength of 0.63 μm (laser head KLO 635-15) was 
used, emitting a continuous red spectrum, which has 
an anti-inflammatory (vascular) effect and stimulates 
cellular proliferation. The radiation power was 10 mW, 
the radiation frequency was 635 nm. The exposure 
time of the tips and heads in all groups was 3 minutes 
in the projection of the extracted tooth. All patients 
underwent the procedure 1, 24, 48, and 72 hours 
after surgery using the LAZMIK-01 device (Russia). 
All patients were prescribed ketorolac 10 mg orally, 
1 tablet 3 times daily, for pain relief and amoxicillin 
+ clavulanic acid, 875 mg + 125 mg, 1 tablet 2 times 
daily for 6 days, to prevent purulent complications. 
Complex extraction of maxillary premolars and molars 
was performed in all patients using mucosal infiltration 
anesthesia and intraosseous administration of articaine 
hydrochloride and epinephrine in a 1:200,000 ratio. 
The study included patients who had no more than 
two teeth removed from one side of the maxilla.

с ФБМТ худший результат по уровню боли был показан при применении непрерывного красного лазера. В группе без ФБМТ боль, 
требующая медикаментозной коррекции, сохранялась до 48-72 ч после удаления зуба.

Ключевые слова: фотобиомодулирующая терапия, удаление зуба, болевой синдром, визуально-аналоговая шкала, цифровая 
рейтинговая шкала.
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Pain Assessment
Acute pain was assessed at 1, 3, 24, 48, and 72 hours 

after complex tooth extraction using a visual analog 
scale (VAS) (Fig. 1a) and a numerial rating scale (NRS) (Fig. 
1b), each 100 mm long. Patients indicated their pain level 
on the scale using a vertical line at the point on the scale 
that they believed corresponded to the intensity of their 
pain. The scales were presented to patients alternately: 
first the VAS and then the NRS [14]. For each patient, the 
mean values ​​for both scales were calculated at each pain 
assessment interval.

Statistical Analysis
Data were processed using Microsoft Excel, MATLAB, 

STATISTICA 12.6, and JASP 0.14.0.0 software. The Wilcoxon 
signed-rank test was used to compare data within groups 

at different times after drug administration. The Kruskal-
Wallis, Mann-Whitney, or Student's tests were used to 
compare data between groups. For each comparison, a 
significance level was determined based on statistical 
analysis (from p < 0.0001 to 0.05).

According to the Wilcoxon signed-rank test, acute 
pain, assessed by the mean VAS and NRS scores, was 
significantly lower in Group 1 at 1 hour postoperatively 
than at 3 hours (p < 0.0004). Pain levels decreased at 24 
hours compared to 3 hours postoperatively (p < 0.007) 
and remained unchanged at 48 hours. On the 3rd day, 
the pain intensity significantly decreased compared to 
the previous day (p<0.048) (Fig. 2a, Table 1). In the 2nd 
group (pulsed laser therapy with a magnetic mirror 
attachment), the pain syndrome was significantly higher 
after 3 hours than after 1 hour after tooth extraction 
(p<0.046). The next day in the 2nd group, the intensity 
of acute pain significantly decreased compared to the 
previous point of its assessment (p<0.042), and on the 
2nd day it decreased significantly again (p<0.0001). After 
another 24 hours (72 hours after the operation), the acute 
pain syndrome significantly decreased compared to the 
previous day (p<0.05) (Fig. 2b, Table 1). In the 3rd group 
(the group with pulsed laser therapy), 3 hours after the 
operation, the pain, as in the other groups, increased 
(p<0.029), and after 3 hours it significantly decreased 
(p<0.034) and continued to decrease significantly on the 

Рис. 1. Визуально-аналоговая шкала (a) и цифровая рейтин-
говая шкала (b) оценки интенсивности острого болевого син-
дрома.
Fig. 1. Visual analogue scale (a) and digital rating scale (b) for 
assessing the intensity of acute pain syndrome.

Рис. 2. Внутригрупповая динамика острого послеоперационного болевого синдрома по средним значениям ВАШ и ЦРШ у паци-
ентов со сложным удалением зуба с применением ФБМТ: a – первая группа (группа сравнения); b – вторая группа (группа 
импульсного лазера+зеркальная магнитная насадка); c – третья группа (группа импульсного лазерного излучения); d – четвер-
тая группа (группа непрерывного лазерного излучения).
Fig. 2. Intragroup dynamics of acute postoperative pain syndrome according to average VAS and NRS values in patients with complex 
tooth extraction using PBMT: a – first group (comparison group);b – second group (pulsed laser group + mirror magnetic attachment);c 
– third group (pulsed laser radiation group); d – fourth group (continuous laser radiation group).
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2nd (p<0.041) and 3rd (p<0.05) postoperative days (Fig. 
2c, Table 1).  Thus, after 3 hours, acute pain significantly 
increased compared to the 1st postoperative hour 
(p<0.015), and at the 24th (p<0.017) and 48th (p<0.008) 
hours it decreased and remained the same at the 72nd 
postoperative hour of its control (Fig. 2d, Table 1). 
One hour after complex tooth extraction, no reliable 
differences were found in all groups of patients. The level 
of pain syndrome according to the average values of VAS 
and NRS corresponded to very mild pain.

According to the Mann-Whitney test, the intensity 
of acute pain in Group 1 3 hours after surgery was 

significantly higher than in Groups 2, 3, and 4 (p<0.018, 
p<0.032, and p<0.048, respectively). During this period, 
patients in Group 2 experienced the least pain compared 
to the pulsed laser and continuous laser groups (p<0.045 
and p<0.048, respectively).

Twenty-four hours after tooth extraction, the 
severity of acute pain was significantly lower in Groups 
2 (p<0.012), 3 (p<0.036), and 4 (p<0.043) compared to 
Group 1. Also, as at 3 hours after surgery, in patients of 
group 2 at the indicated time point, pain intensity was 
lower than in group 3 (p < 0.045) and group 4 (p < 0.048) 
(Fig. 3, Table 1).
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Рис. 3. Динамика острого послеоперационного болевого синдрома по средним значениям ВАШ и ЦРШ у пациентов со сложным 
удалением зуба с применением ФБМТ.
Fig. 3. Dynamics of acute postoperative pain syndrome according to average values of VAS and NRS in patients with complex tooth 
extraction using PBMT.

Таблица 1
Показатели острой боли по средним значениям ВАШ и ЦРШ после сложного удаления зуба и применения 
фотобиомодулирующей терапии в раннем послеоперационном периоде 
Table 1
Acute pain indices based on average VAS and NRS values after complex tooth extraction and the use of 
photobiomodulatory therapy in the early postoperative period

мм  
mm

1 час 
1 hour

3 часа
3 hours

24 часа
24 hours

48 часов
48 hours

72 часа
72 hours

1-я группа (сравнения)
1st group (comparisons)

21,05±4,05 60,5±11,64 34,82±5,7 31,03±5,97 20,98±4,03

2-я группа (импульсный 
лазер+зеркальный магнит)
2nd group (pulse laser + mirror 
magnet)

20,04±3,6 28,09±5,04 18,96±3,4 4,79±0,86 3,07±0,55

3-я группа (импульсный лазер)
3rd group (pulse laser)

21,91±4,06 36,2±6,72 24,98±4,63 14,66±2,72 10,37±1,92

4-я группа (непрерывный лазер)
4th group (continuous laser)

19,48±3,68 41,75±7,89 28,55±5,39 17,08±3,22 13,84±2,62
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According to the Student's t-test, after 48 hours, pain 
severity was also higher in Group 1 than in the other 
PBMT groups (Groups 2, 3, and 4 – p<0.006, p<0.028, and 
p<0.033, respectively). In group 2, patients experienced 
practically no pain compared to group 3 (p < 0.003) 
and group 4 (p < 0.0019). On the third day (72 hours) 
after tooth extraction, patients in group 1 experienced 
significantly higher pain than in the groups with PBMT 
(groups 2, 3 and 4 - p < 0.0001, p < 0.0039 and p < 
0.042, respectively). In group 4, the pain syndrome was 
significantly higher than in groups 2 (p < 0.003) and 3  
(p < 0.05). Patients in group 2 experienced less intense 
pain than patients in group 3 (p < 0.002) (Fig. 3, Table 1).

Discussion 
Healing of dental sockets after tooth extraction 

is a complex process involving the reconstruction of 
damaged soft and hard tissues. This process involves the 
proliferation and differentiation of osteoblasts, as well 
as the synthesis and mineralization of the extracellular 
matrix, leading to bone formation and remodeling. 
New bone formation is regulated by various cytokines, 
including transforming growth factor β (TGFΒ), vascular 
endothelial growth factor (VEGF), insulin-like growth 
factor (IGF), and bone morphogenetic protein (BMP) [15]. 
Controlling inflammation and reducing acute pain are 
particularly important in the early post-extraction period 
[5, 16-18]. In the study, pain levels were significantly lower 
in the PBMT groups at all assessment stages compared to 
patients without PBMT, indirectly indicating the positive 
anti-inflammatory effects of PBMT combined with 
nonsteroidal anti-inflammatory drugs (NSAIDs).

An analysis of the use of diode lasers generating 
radiation in the infrared region of the electromagnetic 
spectrum demonstrated their bactericidal effect in 
dental implantation, which can significantly reduce 
the risk of infectious complications [19]. Low-intensity 
lasers have been shown to have biostimulating and 
anti-inflammatory effects, making them useful in 
wound healing and bone tissue restoration [20, 21]. In 
the present study, in addition to NSAIDs, antibacterial 
therapy was also used, but no purulent complications 
were  identified in any of the groups. Nevertheless, the 
observed pain level clearly indicates the advantage of 
using PBMT in the early period following complex tooth 
extraction.

Low-intensity laser irradiation has been shown to 
promote biostimulation and enhance tissue regenerative 
potential when applied in doses ranging from 1.5 
to 3 J/cm². It has been shown that the regenerative 
properties of the oral epithelium increase, the activity 
of human gingival fibroblasts changes, and the activity 
of cells interacting with the implant is modulated, which 
improves tissue regeneration and reduces the duration of 
the rehabilitation period in patients [22, 23]. A study by M. 

Khadra et al. demonstrates interesting results regarding 
the effect of laser therapy on cellular proliferation and 
the synthesis of important biomolecules. An increase in 
cell proliferation 96 hours after laser irradiation indicates 
that laser therapy can activate tissue regeneration and 
restoration processes. Osteocalcin synthesis, a marker 
of osteoblastic activity, and TGF-beta (1), a key factor 
in tissue regeneration and healing, were significantly 
increased in samples exposed to 3 J/cm² laser radiation. 
This suggests that this therapy may improve implant 
osseointegration and accelerate bone healing. These 
results highlight the potential of low-level laser therapy as 
an effective tool in dentistry and orthopedics. Although, 
as with any new methods, it is important to continue 
conducting additional research to confirm and clarify 
these effects [24]. In the present study, the use of pulsed 
laser therapy in combination with a mirror magnetic tip 
resulted in lower pain levels compared to other types of 
PBMT, which requires clarification of the mechanisms 
of physiological and pathological changes in tissues 
depending on the physical characteristics of low-level 
laser therapy in further clinical and experimental studies.

It has also been established that the use of low-
intensity PBMT has a positive effect on the stability 
of implants 3 weeks after dental implantation [25]. F. 
Chellini et al. evaluated the effect of laser radiation of 
808±10 nm average power (2 W, 400 J/cm²; CW or pulsed 
mode, 20 kHz, 7 μs, 0.44 W, 88 J/cm²) on cell viability, 
their proliferation, adhesion, and also characterized the 
osteogenic differentiation potential in comparison with 
the action of chlorhexidine. The authors showed that 
PBMT has osteoinductive potential, when compared 
with the cytotoxic effect of chlorhexidine [26]. These 
data confirm our results, which showed a decrease in the 
level of acute pain. This indirectly suggests that the type 
of photobiomodulation applied in the present study 
helps to reduce inflammation. Reducing inflammatory 
responses and, consequently, pain levels, leads to 
improved bone regeneration [27-31].

PBMT improves socket healing during experimental 
destructive treatment with alendronate in rats. 
However, pulsed infrared radiation also has a positive 
effect on the cytoarchitecture of alveolar bone tissue 
in rats [32]. The present study demonstrated that the 
higher the PBMT frequency used, the less pain patients 
reported after complex tooth extraction. These data 
are consistent with studies evaluating the effectiveness 
of photobiomodulation after septoplasty. Several 
studies have shown that in this type of rhinosurgical 
intervention, which also involves the bony structures of 
the nasal septum, the use of PBMT leads to a reduction 
in acute pain in the early postoperative period [33-35]. In 
previous studies, we have found that low-intensity PBMT 
not only has a positive local effect, but also reduces the 
severity of stress reactions, which was demonstrated 
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in studies of the hippocampus in rats after modeling 
septoplasty and surgical interventions on the maxilla. 
Thus, after the use of PBMT in the hippocampus of 
rats, the level of metabolism of the dopaminergic, 
noradrenergic and serotonergic systems changes [36]. 
Moreover, recent studies have shown that during the 
same experimental surgical interventions, PBMT reduces 
the level of expression of the stress protein p53, which 
is responsible for apoptosis, in neurons of the pyramidal 
layer of the hippocampus [37].

The combined use of PDT and PBMT also promotes 
more effective tissue restoration after chemoradiotherapy 
or radiation therapy [38]. Studies of the effectiveness 
of PBMT demonstrate that increased lipid peroxide 
and depletion of the antioxidant system are the 
primary mechanisms of the stress response to various 
physiological factors. In this process, cell membranes 
become targets for stress factors, pharmacological 
agents, and physical agents. PBMT can regulate the 
formation of free radicals and exert membranotropic 
effects during PDT of tumors [39, 40].

Conclusion 
Although the obtained results indicate the 

superiority of PBMT over drug therapy alone and the 
advantage of a pulsed low-intensity infrared laser with a 
mirror magnetic attachment over a continuous red laser 
in the management of acute pain after complex tooth 
extraction, it is necessary to radiographically confirm 
the effectiveness of these methods in preserving the 
bone socket and alveolar ridge of the maxilla after 
complex tooth extraction in clinical practice.

The use of low-intensity PBMT in patients in the 
early postoperative period following complex tooth 
extraction results in postoperative pain intensity 
reductions of 28.2–53.6%, compared to patients 
without it.

The use of a pulsed low-intensity laser head in 
combination with a magnetic mirror attachment 
reduces acute pain in the early postoperative period 
following complex tooth extraction, compared to the 
use of a single-pulse emitter and continuous magnetic 
radiation.

ЛИТЕРАТУРА
1.	 Yang S., Li Y., Liu C., Wu Y., Wan Z., Shen D. Pathogenesis and 

treatment of wound healing in patients with diabetes after tooth 
extraction // Front Endocrinol (Lausanne). – 2022. – Vol. 13. – P. 
949535.

2.	 Zhou S., Li G., Zhou T., Zhang S., Xue H., Geng J., Liu W., Sun Y. The 
role of IFT140 in early bone healing of tooth extraction sockets // 
Oral Dis. – 2022. – Vol. 28 (4). – P. 1188-1197.

3.	 De Sousa Gomes P., Daugela P., Poskevicius L., Mariano L., 
Fernandes M.H. Molecular and Cellular Aspects of Socket Healing 
in the Absence and Presence of Graft Materials and Autologous 
Platelet Concentrates: A Focused Review // J Oral Maxillofac Res. – 
2019. – Vol. 10(3). – P. e2.

4.	 Dolgalev Al.Al., Svyatoslavov D.S., Pout V.A., Reshetov I.V., Kastyro 
I.V. Effectiveness of the Sequential Use of Plastic and Titanium 
Implants for Experimental Replacement of the Mandibular 
Defect in Animals using Preliminary Digital Design // Doklady 
Biochemistry and Biophysics. – 2021. – Vol. 496. – P. 36-39.

5.	 Dragunova S.G., Reshetov I.V., Kosyreva T.F., Severin A.E., Khamidulin 
G.V., Shmaevsky P.E., A Inozemtsev.N., Popadyuk V.I., Kastyro I.V., 
Yudin D.K., Yunusov T.Yu., Kleyman V.K., Bagdasaryan V.V., Alieva S.I., 
Chudov R.V., Kuznetsov N.D., Pinigina I.V., Skopich A.A., Kostyaeva 
M.G. Comparison of the Effects of Septoplasty and Sinus Lifting 
Simulation in Rats on Changes in Heart Rate Variability // Doklady 
Biochemistry and Biophysics. – 2021. – Vol. 498. – P. 165-169.

6.	 Miroshnychenko A., Ibrahim S., Azab M., Roldan Y., Martinez J.P.D., 
Tamilselvan D., He L., Little J.W., Urquhart O., Tampi M., Polk D.E., 
Moore P.A., Hersh E.V., Claytor B., Carrasco-Labra A., Brignardello-
Petersen R. Acute Postoperative Pain Due to Dental Extraction in 
the Adult Population: A Systematic Review and Network Meta-
analysis // J Dent Res. – 2023. – Vol. 102 (4). – P. 391-401.

7.	 Dragunova S., Samoilova M., Ganshin I., Chernolev A. Heart Rate 
Variability, Pain Syndrome and Cortisol Concentration in Oral Fluid 
During Sinus-Lifting And Dental Implantation Otorhinolaryngology 
// Head and Neck Pathology (ORLHNP). – 2023. – Vol. 2 (4). – P. 31-
36.

8.	 Takahashi S., Kikuchi R., Ambe K., Nakagawa T., Takada S., Ohno T., 
et al. Lymphangiogenesis and Nos Localization in Healing Process 
after Tooth Extraction in Akita Mouse // Bull Tokyo Dent Coll. – 
2016. – Vol. 57(3). – P. 121-31.

9.	 Devlin H., Sloan P. Early Bone Healing Events in the Human Extraction 
Socket // Int J Oral Maxillofac Surg. – 2002. – Vol. 31(6). – P. 641-5.

REFERENCES
1.	 Yang S., Li Y., Liu C., Wu Y., Wan Z., Shen D. Pathogenesis and treat-

ment of wound healing in patients with diabetes after tooth ex-
traction. Front Endocrinol (Lausanne), 2022, Vol. 13, рр. 949535.

2.	 Zhou S., Li G., Zhou T., Zhang S., Xue H., Geng J., Liu W., Sun Y. The 
role of IFT140 in early bone healing of tooth extraction sockets. 
Oral Dis, 2022, Vol. 28 (4), рр. 1188-1197.

3.	 De Sousa Gomes P., Daugela P., Poskevicius L., Mariano L., Fer-
nandes M.H. Molecular and Cellular Aspects of Socket Healing 
in the Absence and Presence of Graft Materials and Autologous 
Platelet Concentrates: A Focused Review. J Oral Maxillofac Res, 
2019, Vol. 10(3). – рр. e2.

4.	 Dolgalev Al.Al., Svyatoslavov D.S., Pout V.A., Reshetov I.V., Kastyro 
I.V. Effectiveness of the Sequential Use of Plastic and Titanium Im-
plants for Experimental Replacement of the Mandibular Defect 
in Animals using Preliminary Digital Design. Doklady Biochemistry 
and Biophysics, 2021, Vol. 496, рр. 36-39.

5.	 Dragunova S.G., Reshetov I.V., Kosyreva T.F., Severin A.E., Khamid-
ulin G.V., Shmaevsky P.E., A Inozemtsev.N., Popadyuk V.I., Kastyro 
I.V., Yudin D.K., Yunusov T.Yu., Kleyman V.K., Bagdasaryan V.V., 
Alieva S.I., Chudov R.V., Kuznetsov N.D., Pinigina I.V., Skopich A.A., 
Kostyaeva M.G. Comparison of the Effects of Septoplasty and 
Sinus Lifting Simulation in Rats on Changes in Heart Rate Vari-
ability. Doklady Biochemistry and Biophysics, 2021, Vol. 498, рр. 
165-169.

6.	 Miroshnychenko A., Ibrahim S., Azab M., Roldan Y., Martinez J.P.D., 
Tamilselvan D., He L., Little J.W., Urquhart O., Tampi M., Polk D.E., 
Moore P.A., Hersh E.V., Claytor B., Carrasco-Labra A., Brignardello-
Petersen R. Acute Postoperative Pain Due to Dental Extraction in 
the Adult Population: A Systematic Review and Network Meta-
analysis. J Dent Res, 2023, Vol. 102 (4), рр. 391-401.

7.	 Dragunova S., Samoilova M., Ganshin I., Chernolev A. Heart Rate 
Variability, Pain Syndrome and Cortisol Concentration in Oral 
Fluid During Sinus-Lifting And Dental Implantation Otorhinolar-
yngology. Head and Neck Pathology (ORLHNP), 2023, Vol. 2 (4), рр. 
31-36.

8.	 Takahashi S., Kikuchi R., Ambe K., Nakagawa T., Takada S., Ohno 
T., et al. Lymphangiogenesis and Nos Localization in Healing Pro-
cess after Tooth Extraction in Akita Mouse. Bull Tokyo Dent Coll, 
2016, Vol. 57(3), рр. 121-31.

9.	 Devlin H., Sloan P. Early Bone Healing Events in the Human Extrac-
tion Socket. Int J Oral Maxillofac Surg, 2002, Vol. 31(6), рр. 641-645.

Yudin D.K., Kastyro I.V., Romanko Yu.S., Ali R.B., Popadyuk V.I., Zaborova V.A., Dragunova S.G., Gusev K.S. 
Photobiomodulation of acute pain syndrome after complex tooth extraction



BIOMEDICAL PHOTONICS    Т. 15, № 1/2026

O
R

IG
IN

A
L 

A
R

TI
C

LE
S

17

10.	 Dragunova S.G., Kosyreva T.F., Khamidulin G.V., Shmaevsky P.E., 
Ermakova N.V., Severin A.E., Torshin V.I., Kastyro I.V., Scopich A.A., 
Gordeev D.V., Sedelnikova A.D., Kuznetsov N.D., Popadyuk V.I., Yudin 
D.K. Assessment of the impact of closed sinus lifting on changes in 
the autonomic nervous system in the early postoperative period. 
Head and neck // Russian Journal. – 2022. – Vol. 10(1). – P. 8-15.

11.	 Yudin D.K., Mozgovoy V.V., Kosyreva T.F., Popadyuk V.I., Kastyro I.V., 
Dragunova S.G. Prevention of anesthesiological complications 
during dental implantation. Head and neck. Russian Journal Head 
and neck // Russian Journal. – 2022. – Vol. 10(3). – P. 60-63.

12.	 Lin G.H., Suárez López Del Amo F., Wang H.L. Laser therapy for 
treatment of peri-implant mucositis and peri-implantitis: An 
American Academy of Periodontology // J. Periodontol. – 2018. – 
Vol. 89 (7). – P. 766-782.

13.	 Shimorsky M.I., Korchazhkina N.B., Panin A.M., Tsitsiashvili A.M. 
Features of the use of laser therapy in the rehabilitation of patients 
after surgical dental interventions // Physiotherapist. – 2023. – Vol. 
6. – P. 93-101.

14.	 Shilin S.S., Spirin E.A, Antonyana A.A., Dolgonovskaya A.S., Piskarev 
D.V., Popadyuk VI., Kastyro I.V., Ganshin I.B., Vasyakova S.M. The Role 
of IL-10 G-1082A Polymorphism in Hypertrophy of the Pharyngeal 
Tonsil // Molecular Genetics, Microbiology and Virology. – 2023. – 
Vol. 38 (3). – P. 177-184.

15.	 Younis W.H., Al-Rawi N.H., Mohamed M.A., Yaseen N.Y. Molecular 
Events on Tooth Socket Healing in Diabetic Rabbits // Br J Oral 
Maxillofac Surg. – 2013. – Vol. 51 (8). – P. 932-6.

16.	 Pergolizzi J.V., Magnusson P., LeQuang J.A., Gharibo C., Varrassi G. 
The pharmacological management of dental pain // Expert Opin 
Pharmacother. – 2020. – Vol. 21 (5). – P. 591-601.

17.	 Lodi G., Azzi L., Varoni E.M., Pentenero M., Del Fabbro M., Carrassi 
A., Sardella A, Manfredi M. Antibiotics to prevent complications 
following tooth extractions // Cochrane Database Syst Rev. – 2021. 
– Vol. 2 (2). – P. CD003811

18.	 Ghosh A., Aggarwal V.R., Moore R. Aetiology, Prevention and 
Management of Alveolar Osteitis-A Scoping Review // J Oral 
Rehabil. – 2022. – Vol. 49 (1). – P. 103-113.

19.	 Razina I.N., Lomiashvili L.M., Nedoseko V.B. Non-surgical treatments 
of complications after dental implantation. Perspectives for infrared 
laser light in the treatment of mucositis and peri-implantitis // 
Laser Medicine. – 2020. – Vol. 24 (1). – P. 49-56.

20.	 Berni M., Brancato A.M., Torriani C., Bina V., Annunziata S., Cornella 
E., Trucchi M., Jannelli E., Mosconi M., Gastaldi G., Caliogna L., 
Grassi F.A., Pasta G. The Role of Low-Level Laser Therapy in Bone 
Healing: Systematic Review // Int J Mol Sci. – 2023. – Vol. 24 (8) 
. – P. 7094.

21.	 Menchisheva Y., Menzhanova D., Espolayeva A., Azhibekov A., 
Mirzakulova U., Sagatbayev A., Uglanov Z., Toregeldi G., Tsvetanov 
Tsokov K. Combined use of PRPP, diode laser and piezosurgery 
device improves reparative osteogenesis previously to dental 
implants placement // Asian J Surg. – 2024. – Vol. S1015-9584(24). 
– P. 02130-02134.

22.	 Khadra M. The effect of low level laser irradiation on implant-tissue 
interaction. In vivo and in vitro studies // Swed. Dent. J. Suppl. – 
2005. – Vol. 172. – P. 1-63.

23.	 Theodoro L.H., Marcantonio R.A.C., Wainwright M., Garcia V.G. 
LASER in periodontal treatment: is it an effective treatment or 
science fiction?  // Braz Oral Res. – 2021. – Vol. 35 (Supp 2). – P. 
e099.

24.	 Khadra M., Lyngstadaas S.P., Haanaes H.R. et al. Effect of laser 
therapy on attachment, proliferation and differentiation of human 
osteoblast-like cells cultured on titanium implant material // 
Biomaterials. – 2005. – Vol. 26 (17). – P.  3503-350.

25.	 Memarian J., Ketabi M., Amini S. The effect of low-level laser 810 
nm and light-emitting diodephotobiomodulation (626 nm) on the 
stability of the implant and inflammatory markers interleukin-1 
beta and prostaglandin E2, around implants // Dent. Res. J. 
(Isfahan). – 2018. – Vol. 15 (4). – P. 283-288.

26.	 Chellini F., Giannelli M., Tani A. et al. Mesenchymal stromal cell and 
osteoblast responses to oxidized titanium surfaces pre-treated 
with λ = 808 nm GaAlAs diode laser or chlorhexidine: in vitro study 
// Lasers Med Sci. – 2017; 32 (6). – P. 1309-1320.

27.	 Marom R., Rabenhorst B.M., Morello R. Osteogenesis imperfecta: an 
update on clinical features and therapies // Eur J Endocrinol. 2020. 
– Vol. 183 (4). – P. R95-R106.

10.	 Dragunova S.G., Kosyreva T.F., Khamidulin G.V., Shmaevsky P.E., 
Ermakova N.V., Severin A.E., Torshin V.I., Kastyro I.V., Scopich A.A., 
Gordeev D.V., Sedelnikova A.D., Kuznetsov N.D., Popadyuk V.I., 
Yudin D.K. Assessment of the impact of closed sinus lifting on 
changes in the autonomic nervous system in the early postop-
erative period. Head and neck. Russian Journal, 2022, Vol. 10(1), 
рр. 8-15.

11.	 Yudin D.K., Mozgovoy V.V., Kosyreva T.F., Popadyuk V.I., Kastyro 
I.V., Dragunova S.G. Prevention of anesthesiological complica-
tions during dental implantation. Head and neck. Russian Journal 
Head and neck. Russian Journal, 2022, Vol. 10(3), рр. 60-63.

12.	 Lin G.H., Suárez López Del Amo F., Wang H.L. Laser therapy for 
treatment of peri-implant mucositis and peri-implantitis: An 
American Academy of Periodontology. J. Periodontol, 2018, Vol. 
89 (7), рр. 766-782.

13.	 Shimorsky M.I., Korchazhkina N.B., Panin A.M., Tsitsiashvili A.M. 
Features of the use of laser therapy in the rehabilitation of pa-
tients after surgical dental interventions. Physiotherapist, 2023, 
Vol. 6, рр. 93-101.

14.	 Shilin S.S., Spirin E.A, Antonyana A.A., Dolgonovskaya A.S., Pisk-
arev D.V., Popadyuk VI., Kastyro I.V., Ganshin I.B., Vasyakova S.M. 
The Role of IL-10 G-1082A Polymorphism in Hypertrophy of the 
Pharyngeal Tonsil. Molecular Genetics, Microbiology and Virology, 
2023, Vol. 38 (3), рр. 177-184.

15.	 Younis W.H., Al-Rawi N.H., Mohamed M.A., Yaseen N.Y. Molecular 
Events on Tooth Socket Healing in Diabetic Rabbits. Br J Oral Max-
illofac Surg, 2013, Vol. 51 (8), рр. 932-936.

16.	 Pergolizzi J.V., Magnusson P., LeQuang J.A., Gharibo C., Varrassi 
G. The pharmacological management of dental pain. Expert Opin 
Pharmacother, 2020, Vol. 21 (5), рр. 591-601.

17.	 Lodi G., Azzi L., Varoni E.M., Pentenero M., Del Fabbro M., Carrassi 
A., Sardella A, Manfredi M. Antibiotics to prevent complications 
following tooth extractions. Cochrane Database Syst Rev, 2021, 
Vol. 2 (2), рр. CD003811

18.	 Ghosh A., Aggarwal V.R., Moore R. Aetiology, Prevention and 
Management of Alveolar Osteitis-A Scoping Review. J Oral Reha-
bil, 2022, Vol. 49 (1), рр. 103-113.

19.	 Razina I.N., Lomiashvili L.M., Nedoseko V.B. Non-surgical treat-
ments of complications after dental implantation. Perspectives 
for infrared laser light in the treatment of mucositis and peri-im-
plantitis. Laser Medicine, 2020, Vol. 24 (1), рр. 49-56.

20.	 Berni M., Brancato A.M., Torriani C., Bina V., Annunziata S., Cor-
nella E., Trucchi M., Jannelli E., Mosconi M., Gastaldi G., Caliogna 
L., Grassi F.A., Pasta G. The Role of Low-Level Laser Therapy in 
Bone Healing: Systematic Review. Int J Mol Sci, 2023, Vol. 24 (8), 
рр. 7094.

21.	 Menchisheva Y., Menzhanova D., Espolayeva A., Azhibekov A., 
Mirzakulova U., Sagatbayev A., Uglanov Z., Toregeldi G., Tsveta-
nov Tsokov K. Combined use of PRPP, diode laser and piezosur-
gery device improves reparative osteogenesis previously to den-
tal implants placement. Asian J Surg, 2024, Vol. S1015-9584(24), 
рр. 02130-02134.

22.	 Khadra M. The effect of low level laser irradiation on implant-
tissue interaction. In vivo and in vitro studies. Swed. Dent. J. Suppl, 
2005, Vol. 172, рр. 1-63.

23.	 Theodoro L.H., Marcantonio R.A.C., Wainwright M., Garcia V.G. 
LASER in periodontal treatment: is it an effective treatment or sci-
ence fiction?  Braz Oral Res, 2021, Vol. 35 (Supp 2), рр. e099.

24.	 Khadra M., Lyngstadaas S.P., Haanaes H.R. et al. Effect of laser 
therapy on attachment, proliferation and differentiation of hu-
man osteoblast-like cells cultured on titanium implant material. 
Biomaterials, 2005, Vol. 26 (17), рр.  3503-350.

25.	 Memarian J., Ketabi M., Amini S. The effect of low-level laser 810 
nm and light-emitting diodephotobiomodulation (626 nm) on 
the stability of the implant and inflammatory markers interleu-
kin-1 beta and prostaglandin E2, around implants. Dent. Res. J. 
(Isfahan), 2018, Vol. 15 (4), рр. 283-288.

26.	 Chellini F., Giannelli M., Tani A. et al. Mesenchymal stromal cell 
and osteoblast responses to oxidized titanium surfaces pre-treat-
ed with λ = 808 nm GaAlAs diode laser or chlorhexidine: in vitro 
study. Lasers Med Sci, 2017, Vol. 32 (6), рр. 1309-1320.

27.	 Marom R., Rabenhorst B.M., Morello R. Osteogenesis imperfecta: 
an update on clinical features and therapies. Eur J Endocrinol, 
2020, Vol. 183 (4), рр. R95-R106.

Yudin D.K., Kastyro I.V., Romanko Yu.S., Ali R.B., Popadyuk V.I., Zaborova V.A., Dragunova S.G., Gusev K.S. 
Photobiomodulation of acute pain syndrome after complex tooth extraction



BIOMEDICAL PHOTONICS    Т. 15, № 1/2026

O
R

IG
IN

A
L 

A
R

TI
C

LE
S

18

28.	 Carroll R.S., Donenfeld P., McGreal C., Franzone J.M., Kruse R.W., 
Preedy C., Costa J., Dirnberger D.R., Bober M.B. Comprehensive 
pain management strategy for infants with moderate to severe 
osteogenesis imperfecta in the perinatal period // Paediatr 
Neonatal Pain. – 2021. – Vol.  3 (4). – P. 156-16.

29.	 Dlesk T.E., Larimer K. Multimodal Pain Management of Children 
Diagnosed with Osteogenesis Imperfecta: An Integrative Literature 
Review // Pain Manag Nurs. – 2023. – Vol.  24 (1). – P. 102-110.

30.	 Rodriguez Celin M., Kruger K.M., Caudill A., Murali C.N., Nagamani 
S.C.S. Members of the Brittle Bone Disorders Consortium (BBDC); 
Smith P.A., Harris G.F. A multicenter study to evaluate pain 
characteristics in osteogenesis imperfecta // Am J Med Genet A. – 
2023. – Vol.  191 (1). – P. 160-172.

31.	 Shepherd W.S., Wiese A.D., Cho H.E., Rork W.C., Baig M.U., Kostick 
K.M., Nguyen D., Carter E.M. Members of the BBDC; Murali C.N., 
Robinson M.E., Schneider S.C., Lee B., Sutton V.R., Storch E.A. 
Psychosocial Outcomes of Pain and Pain Management in Adults 
with Osteogenesis Imperfecta: A Qualitative Study // J Clin Psychol 
Med Settings. – 2024. – Vol.  31 (3). – P. 614-627.

32.	 Gonçalves F.C., Mascaro B.A., Oliveira G.J.P.L., Spolidório L.C., 
Marcantonio R.A.C. Effects of red and infrared laser on post 
extraction socket repair in rats subjected to alendronate therapy // 
Braz Oral Res. – 2023. – Vol.  37. – P. e048.

33.	 Kastyro I.V., Romanko Yu.S., Muradov G.M., Popadyuk V.I., 
Kalmykov I.K., Kostyaeva M.G., Gushchina Yu.Sh., Dragunova S.G. 
Photobiomodulation of acute pain syndrome after septoplasty // 
Biomedical Photonics. – 2021. – Vol.  10 (2). – P. 34-41.

34.	 Muradov G.M., Popadyuk V.I., Kastyro I.V., Chernolev A.I., Mikhalskaia 
P.V. Photobiomodulating Therapy in Early Rehabilitation of Patients 
after Septoplasty // ORLHNP. ISCPP2023 ABSTRACT BOOK. – 2023. 
– Vol. 2(3). – P. 20.

35.	 Kastyro .IV., Popadyuk V.I., Muradov G.M., Reshetov I.V. Low-
Intensity Laser Therapy As a Method to Reduce Stress Responses 
after Septoplasty // Dokl Biochem Biophys. – 2021. – Vol.  500 (1). 
– P. 300-303.

36.	 Dragunova S.G., Gordeev D.V., Chernolev A.I., Shishkova D.A., 
Shalamov K.P., Popadyuk V.I., Kastyro I.V., Senin N.E., Kartasheva 
A.F., I.B. Ganshin, Barannik M.I., Sarygin P.V. Role of surgical trauma 
in the hippocampal dopaminergic system response in simulated 
surgical interventions on the nasal cavity, paranasal sinuses, and 
alveolar process of the maxilla in rats. Head and neck // Russian 
Journal. – 2024. – Vol.  12(3). – P. 16-27.

37.	 Kotov V.N., Kastyro I.V., Ganshin I.B., Popadyuk V.I., Dragunova S.G., 
Khodorovich O.S., Kartasheva A.F., Barannik M.I., Sarygin P.V. The 
Role of Photobiomodulation Therapy in Reducing Stress-Induced 
Changes in the Hippocampus of Rats during Septoplasty Modeling 
// Doklady Biochemistry and Biophysics. – 2025. – Vol.  520. – P. 
Iss.1. in print DOI: 10.1134/S1607672924601033

38.	 Romanko Yu.S., Reshetov I.V. Experimental and clinical combined 
photodynamic therapy for malignant and premalignant lesions 
using various types of radiation // Siberian Journal of Oncology. – 
2024. – Vol.  23(4). – P. 141-151. 

39.	 Reshetov I.V., Korenev S.V., Romanko Yu.S. Forms of cell death and 
targets at photodynamic therapy // Siberian Journal of Oncology. 
– 2022. – Vol.  21(5). – P. 149-154.

40.	 Reshetov I.V., Romanko Yu.S. Pharmaceutical and experimental-
clinical aspects of combined photodynamic therapy of malignant 
tumors and precancerous tumors using chemotherapy // 
Siberian Journal of Oncology. Siberian Journal of Oncology. – 
2022. – Vol.  21(5).

28.	 Carroll R.S., Donenfeld P., McGreal C., Franzone J.M., Kruse R.W., 
Preedy C., Costa J., Dirnberger D.R., Bober M.B. Comprehensive 
pain management strategy for infants with moderate to severe 
osteogenesis imperfecta in the perinatal period. Paediatr Neona-
tal Pain, 2021, Vol.  3 (4), рр. 156-16.

29.	 Dlesk T.E., Larimer K. Multimodal Pain Management of Children 
Diagnosed with Osteogenesis Imperfecta: An Integrative Litera-
ture Review. Pain Manag Nurs, 2023, Vol.  24 (1), рр. 102-110.

30.	 Rodriguez Celin M., Kruger K.M., Caudill A., Murali C.N., Nagamani 
S.C.S. Members of the Brittle Bone Disorders Consortium (BBDC); 
Smith P.A., Harris G.F. A multicenter study to evaluate pain charac-
teristics in osteogenesis imperfecta. Am J Med Genet A, 2023, Vol.  
191 (1), рр. 160-172.

31.	 Shepherd W.S., Wiese A.D., Cho H.E., Rork W.C., Baig M.U., Kostick 
K.M., Nguyen D., Carter E.M. Members of the BBDC; Murali C.N., 
Robinson M.E., Schneider S.C., Lee B., Sutton V.R., Storch E.A. Psy-
chosocial Outcomes of Pain and Pain Management in Adults with 
Osteogenesis Imperfecta: A Qualitative Study. J Clin Psychol Med 
Settings, 2024, Vol.  31 (3), рр. 614-627.

32.	 Gonçalves F.C., Mascaro B.A., Oliveira G.J.P.L., Spolidório L.C., Mar-
cantonio R.A.C. Effects of red and infrared laser on post extraction 
socket repair in rats subjected to alendronate therapy. Braz Oral 
Res, 2023, Vol.  37, рр. e048.

33.	 Kastyro I.V., Romanko Yu.S., Muradov G.M., Popadyuk V.I., 
Kalmykov I.K., Kostyaeva M.G., Gushchina Yu.Sh., Dragunova S.G. 
Photobiomodulation of acute pain syndrome after septoplasty. 
Biomedical Photonics, 2021. – Vol.  10 (2). – P. 34-41.

34.	 Muradov G.M., Popadyuk V.I., Kastyro I.V., Chernolev A.I., Mikhal-
skaia P.V. Photobiomodulating Therapy in Early Rehabilitation of 
Patients after Septoplasty. ORLHNP. ISCPP2023 ABSTRACT BOOK, 
2023, Vol. 2(3), рр. 20.

35.	 Kastyro I.V., Popadyuk V.I., Muradov G.M., Reshetov I.V. Low-In-
tensity Laser Therapy As a Method to Reduce Stress Responses 
after Septoplasty. Dokl Biochem Biophys, 2021, Vol.  500 (1), рр. 
300-303.

36.	 Dragunova S.G., Gordeev D.V., Chernolev A.I., Shishkova D.A., 
Shalamov K.P., Popadyuk V.I., Kastyro I.V., Senin N.E., Kartasheva 
A.F., I.B. Ganshin, Barannik M.I., Sarygin P.V. Role of surgical trau-
ma in the hippocampal dopaminergic system response in simu-
lated surgical interventions on the nasal cavity, paranasal sinuses, 
and alveolar process of the maxilla in rats. Head and neck. Russian 
Journal, 2024, Vol.  12(3), рр. 16-27.

37.	 Kotov V.N., Kastyro I.V., Ganshin I.B., Popadyuk V.I., Dragunova 
S.G., Khodorovich O.S., Kartasheva A.F., Barannik M.I., Sarygin P.V. 
The Role of Photobiomodulation Therapy in Reducing Stress-In-
duced Changes in the Hippocampus of Rats during Septoplasty 
Modeling. Doklady Biochemistry and Biophysics, 2025, Vol.  520, 
рр. Iss.1. in print DOI: 10.1134/S1607672924601033

38.	 Romanko Yu.S., Reshetov I.V. Experimental and clinical combined 
photodynamic therapy for malignant and premalignant lesions 
using various types of radiation. Siberian Journal of Oncology, 
2024, Vol.  23(4), рр. 141-151. 

39.	 Reshetov I.V., Korenev S.V., Romanko Yu.S. Forms of cell death and 
targets at photodynamic therapy. Siberian Journal of Oncology, 
2022, Vol.  21(5), рр. 149-154.

40.	 Reshetov I.V., Romanko Yu.S. Pharmaceutical and experimental-
clinical aspects of combined photodynamic therapy of malig-
nant tumors and precancerous tumors using chemotherapy. 
Siberian Journal of Oncology. Siberian Journal of Oncology, 2022, 
Vol.  21(5).

Yudin D.K., Kastyro I.V., Romanko Yu.S., Ali R.B., Popadyuk V.I., Zaborova V.A., Dragunova S.G., Gusev K.S. 
Photobiomodulation of acute pain syndrome after complex tooth extraction


