Yudin D.K., Kastyro L.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

PHOTOBIOMODULATION OF ACUTE PAIN SYNDROME
AFTER COMPLEX TOOTH EXTRACTION

Yudin D.K.", Kastyro I.V.!, Romanko Yu.S.2, AliR.B.", Popadyuk V.L.',

Zaborova V.A.2, Dragunova S.G.!, Gusev K.S.!

'Peoples' Friendship University of Russia (RUDN University), Moscow, Russia

2Sechenov First Moscow State Medical University (Sechenov University), Moscow, Russia

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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Pe3siome
B unccnegoBaHuM 6bINMU OLeHeHbl pPasfiyHble BUAbl BO3AENCTBUA HU3KOMHTEHCUBHON doTobromoaynvpytowein Tepanun (OBMT) Ha
CHVXKEHWEe OCTPOro 60/1eBOro CHAPOMA NOCIIe CIOXKHOTO yaaneHus 3y6a. CnoXxxHoe yaaneHne MosifipoB 1 MPeMONIAPOB BEPXHEN YenocTu (He
6onee AByx 3y60B 1 C OHOM CTOPOHbI) 6bIN0 NpoBefeHo y 119 nauuneHToB (Bo3pacT 18-44 ropa). B 1-i1 rpynne (n = 28) He nposoguny ®BMT.
Bo 2-i1 rpynne (n = 32) NpUMEHANN MMMyNbCHOE MHPPAKPACHOE NIa3epHOE M3JTyYeHNE B COYETAHNN C MAarHUTHOW 3ePKasibHON HacafKon.
B 3-1 rpynne (n = 30) npyMeHANN CTOMaTONOrMyeckne Hacagkm ¢ MMMYNbCHON UHPPaKPaCcHOI Nla3epHON U3JyyatoLLel roIoBKOi B 06nactu,
chopmrpoBaHHO nocne yaaneHns 3yba nyHku. B 4-i1 rpynne (n = 29) ucnonb3oBan nas3epHyo rofioBKY € HEMPepPbIBHbIM KPAaCHbIM CMEKTPOM.
Bpems aKkcno3nyum HacagokK v ronoBOK BO BCEX FPyrnax COCTaBAAN0 3 MVH B NPOeKUUn yaaneHHoro 3y6a. Bcem naumeHtam OBMT npoBogunu
yepes 1, 24 1 48 4 nocrie XMpypruyeckoro BMeLLATeIbCTBA U B 3TU e CPOKY OLLeHMBAIM OCTPbI 60NEeBOI CMHAPOM NPY MOMOLLM BU3yanbHO-
aHanorosoi Wwkanbl (BALL) n undposoii peiituHrosoi wikanbl (LIPLL) B Mm. OcTpbiii 601€BO CUHAPOM 6biN1 CAMbIM HU3KMM Y>Ke B MepBble
NoCTornepaLVioHHbIe CyTKW B Fpymnmne NMMYIbCHOTO MHPPaKpacHOro Ta3epHOro 13Ny4YeHUs C 3epKanbHOV MarHUTHoM ronoskoi. Cpeaw rpynmn
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¢ ®BMT xyALwmi pesynbraT no ypoBHIo 60/u 6bil MoKasaH Npu NpUMeHEeHUK HEeMPepPbIBHOTO KpacHoro nasepa. B rpynne 6e3 ®EMT 6osb,
TpebytoLan MeguKaMeHTO3HOM KoppeKLym, CoXpaHanach 4o 48-72 u nocsne yaaneHus 3y6ba.
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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 um 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 pum (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.
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Puc. 1. BusyanbHo-aHanoroBas wkKana (a) u uudppoBas penTuH-
roBas wKana (b) oueHKM UHTEHCUBHOCTU OCTPOro 601€BOro CUH-
apoma.

Fig. 1. Visual analogue scale (a) and digital rating scale (b) for
assessing the intensity of acute pain syndrome.

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
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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
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Puc. 2. BHyTpurpynnoBas JUHaMUKa OCTPOro nocsieonepaymuoHHoro 601eBoro cuHapoma no cpeaHum aHadeduam BALL w LPLL y naum-
€HTOB CO C/IOXHbIM yaaneHueM 3y6a ¢ npumeHeHnem ®BMT: a — nepBas rpynna (rpynna cpaBHeHus); b — BTopas rpynna (rpynna
MMNYNbCHOMO Na3epa+3epKalibHasg MarHMTHas Hacajgka); ¢ — TpeTbsa rpynna (rpynna MMnyabCHOMo na3epHoro uanyy4eHus); d — yeTeep-

Tas rpynna (rpynna HenpepbIBHOrO 1a3€PHOro U3ny4YeHus).

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.
2¢, 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

Ta6nuua 1

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).

Mokasarenu octpor 601u nNo cpeaHum 3HaveHnam BALL v LIPLL nocne cnoxkHoro yaaneHus 3y6a u npuMeHeHus
doTo6MOMOAYNMpYIOLLEN TepanuK B paHHEM NoceonepaLuoHHOM nepuoge

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

MM 1 vac 3 vyaca 24 yaca 48 yacoB 72 yaca
1-A rpynna (cpasHenis) 21,05+4,05 60,5+11,64 34,82+5,7 31034597  20,98+4,03
1st group (comparisons)
2-a rpynna (MMnynbCHbIiA
nasep+3epkanbHbli MArHAT) 20,04+3,6 28,09+5,04 18,9634 4,79+0,86 3,07+0,55
2nd group (pulse laser + mirror
magnet)
3-A Tpynna (MmnysibCHbl nasep) 21,91+4,06 36,246,72 24,98+4,63 14,6622,72 10,37+1,92
3rd group (pulse laser)
4-A rpynna (HenpepbIBHbIA nasep) 19,48+3,68 41,75+7,89 28,5545,39 17,08+3,22 13,84+2,62
4th group (continuous laser)
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1 yac/1 hour

3 yaca/3 hours

24 yaca/24 hours

48 yacos/48 hours 72 yaca/72 hours

11 rpynna (cpaBHeHus)/1 group (comparisons)

12 rpynna (MMnynbcHbIN nasep+3epKanbHblii MariuT)/2 group (pulse laser + mirror magnet)

3 rpynna (MmnynbcHbIi nasep)/3 group (pulse laser)
B4 rpynna (HenpepbiBHbIi fa3ep)/4 group (continuous laser)

Puc. 3. luHaMMnKa ocTporo nocneonepauMoHHOro 601eBoro CMHApoMa no cpegHum 3HavyeHusam BALL v LIPLU y nauneHToB CO CNOXHbIM

yaaneHuem 3y6a c npumeHeHnem ®bMT.

Fig. 3. Dynamics of acute postoperative pain syndrome according to average values of VAS and NRS in patients with complex tooth

extraction using PBMT.
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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 8 (TGFB), 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/cm®. 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/cm? 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/em? CW or pulsed
mode, 20 kHz, 7 us, 0.44 W, 88 J/cm?) 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 effectivetissuerestorationafterchemoradiotherapy
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.
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