EXPERIMENTAL AND THEORETICAL INVESTIGATIONS Vol. 28 (6) 2024 Russian Journal of Dentistry

DOI: https://doi.org/10.17816/dent633838 .

Check for
updates

Effect of periimplantitis treatment
on the chemiluminescent activity
of neutrophilic granulocytes in vitro

Taras V. Furtsev', Andrei A. Savchenko" 2, Maxim V. Sokolov', Ivan I. Gvozdev?

! Professor V.F. Voino-Yasenetsky Krasnoyarsk State Medical University, Krasnoyarsk, Russia;
2 Krasnoyarsk Science Centre of the Siberian Branch of Russian Academy of Science, Krasnoyarsk, Russia

ABSTRACT

BACKGROUND: Periimplantitis causes implant loss, which reduces the quality of dental treatment. The effect of periimplantitis
treatment on the immune response, particularly the chemiluminescent activity of neutrophilic granulocytes, is unclear. The
paper addresses this issue, as well as improvements in periimplantitis treatment approaches.

AIM: To assess the biocompatibility of implants removed from the inflammation site and treated with Air Flow and laser.
MATERIALS AND METHODS: Three types of implant surface were assessed: anodized titanium dioxide (Ti0,); sand-
blasted, large grit, acid-etched (SLA); and resorbable blast media (RBM). Implants were removed in patients with confirmed
periimplantitis, followed by an air-powder abrasive surface treatment with Air Flow and chlorhexidine, using a YSGG laser
with a wave length of 2,780 nm. New (out of the box) implants were used as a control. Biocompatibility was assessed by the
synthesis of primary and secondary reactive oxygen species (ROS) by neutrophils; the intensity and kinetics of synthesis were
examined using chemiluminescence analysis.

RESULTS: Lucigenin- and luminol-dependent chemiluminescence of neutrophils was assessed following in vitro incubation
with SLA, RMB, and Ti0, implants removed in patients with confirmed periimplantitis and treated with Air Flow and chlorhexidine.
The study found a decrease in the time to maximum and an increase in the maximum intensity and area under the curve of
spontaneous and zymosan-induced chemiluminescence of neutrophils, regardless of the studied implant type. Changes in
the zymosan-induced chemiluminescence of neutrophils following incubation with implants were greater than changes in
spontaneous chemiluminescence, resulting in a higher activation index. No significant changes in neutrophil chemiluminescence
were observed after in vitro incubation with laser-treated SLA, RMB, and Ti0, implants.

CONCLUSION: SLA, RMB, and Ti0, implants removed in periimplantitis patients and treated with Air Flow and chlorhexidine
have low biocompatibility. However, Air Flow-treated RBM implants show relatively superior biocompatibility than SLA and Ti0,
implants, which is attributed to the decreased synthesis of primary and secondary ROS by neutrophils during in vitro incubation.
The degree of ROS synthesis by neutrophils during incubation with laser-treated implants corresponds to that of the control,
indicating increased biocompatibility of laser-treated implants. Laser-treated Ti0, implants had the lowest neutrophil activation
during incubation, determining their maximum biocompatibility among the studied implants.
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AHHOTALMA

06ocHoBaHue. [1epUMMNAAHTUT BbI3bIBAET NOTEPHD MMMAHTATOB, TEM CaMbIM YXyALIasA KaYecTBO CTOMATONOMMYeCcKoro Ne-
YeHUs MauMeHToB. BnnaHe MeToLOB NleYeHNs NEPUUMNIAHTUTA HA UMMYHHbIA OTBET, 0COBEHHO Ha XEMUSTIOMUHECLLEHTHYHO
aKTUBHOCTb HEUTPOMUNIBHBIX IPaHYNOLMTOB, Mano u3yyeHo. MccnenoBaHne HanpaBneHo Ha M3yyeHue 3Toi Npobnemsl U co-
BEPLLEHCTBOBaHWE METOL0B JIEYEHUS NEPUMMNIIAHTHTA.

Llenb uccnepoBaHus — oLEHUTL HMOCOBMECTUMOCTb UMMJIAHTATOB, YAANEHHBIX U3 04ara BOCMasieHus U NOABEPrHyThIX 06-
paboTke MeTooM Air Flow 1 nasepom.

Matepuanbl u MeTopbl. VccnefoBaHuio NOABEPranMch TpY TUNA MOBEPXHOCTM MMMNAHTATOB: aHOAMPOBAHHAaA MOBEpPX-
HOCTb AvoKeupa TutaHa (Ti0,); KpynHo3epHMCTas neckocTpyiiHas obpabotka u TpaBneHue kucnotoi (sand-blasted, large
grit, acid-etched — SLA); RBM (resorbable blast media). UIMnnaHTaThl yaansmm U3 4enlocTn NaUMEHTOB C AMArHO30M «ne-
PUMMNIAHTUT», MOC/E 3TOr0 NOBEPXHOCTb MUMMJaHTaToB noABepranu obpaboTke Bo3ayLwHo-abpasuBHoM cMeckto Air Flow
W XNIOpPreKCMAMHOM C ucnosb3oBaHKueM nasepa YSGG ¢ anuuoii BonHbl 2780 HM. B kauecTBe KOHTPONA MCMOb30BaNW HOBbIE,
U3 YNaKOBKM, MMNNaHTaThl. BUOCOBMECTUMOCTL OLEHMBANM MO YPOBHIO CUHTE3a NEPBUYHBIX W BTOPUYHBLIX aKTMBHBIX GOpM
kucnopopa (AQK) HeliTpodmnamm, MHTEHCUBHOCTb M KMHETUKY CMHTE33 KOTOPbLIX OMPEeAEnsnm ¢ NOMOLLbK XEMUNIOMUHEC-
LLIEHTHOr0 aHau3a.

Pesynbtartbl. [py uccnefoBaHWM NIOUMIEHUH- WU NIIOMUHOM-3aBUCMMON XEMUIOMUHECLIEHLMI HEUTPODUIIOB NOCNe WX MH-
Kybaumn ¢ umnnantatamn SLA, RMB u Ti0, in vitro, yAanéHHbIMM U3 YeNoCTU NaLMEHTOB C AMArHO30M «NepUUMNIAHTUT
1 06paboTaHHbLIMM BO3AYLIHO-abpasuBHoi cMeckio Air Flow 1 xnopreKcuanHoM, 06Hapy»KeHo, YTO He3aBUCKUMO OT TUMa MUC-
CneyeMoro UMNJaHTaTa CHUXAETCS BPEMS BbIX04A Ha MaKCUMYM U NOBBILLIAIOTCS BEMMYMHBI MAKCUMaNbHOW UHTEHCUBHOCTM
W MNOLLAAM NOA KPUBOIA CMIOHTAHHO M 3MMO3aH-UHAYLMPOBAHHON XEMUNKOMUHECLIEHLIMM HEUTPOGDUNOB. VI3MeHeHWe BENMUYMH
noKasareneil aKkTMBHOCTA 3MMO3aH-UHAYLMPOBAHHON XeMUNIOMUHECLIEHLMM HEMTPOGMIOB NPY UHKYBaLmMK ¢ UMNAaHTaTaMmn
BblLLIE, YEM BEJIMYMH CMOHTAHHON XEMMUITIOMUHECLIEHLMM, YTO MPUBOANUT K YBENUYEHUIO 3HAYEHUI MHAEKCA akTuBauun. MH-
Kybauma Heitpodmnos in vitro ¢ umnnantatamm SLA, RMB n Ti0,, 0bpaboTtaHHbIMI Na3epoM, He BbI3bIBAET 3HAYUTENbHbIX
M3MEHEHMIA BEJIMYWH MOKa3aTenei XeMUNKMUHECLIEHLMU HeNTPOdUNOB.

3aknoueHme. YOaneHHble M3 YeoCTU NaLUMeHToB C AMarHo30M «MEepUUMNNAHTUT» M 0bpaboTaHHble BO3ayLUHO-abpasue-
Hoit cMecbio Air Flow n xnoprexkcuanHoM umnnantatel SLA, RMB u Ti0, obnapaioT Huskoi buocoBmecTumocTbio. OaHako
MMNNaHTaThl ¢ noBepxHocTbto RBM nocne o6pabotku MeTogoM Air Flow xapaKTepusytoTca oTHOCUTeNbHO bonbLueii 61ocoB-
MeCTUMOCTbHO M0 CpaBHeHMIo ¢ noBepxHocTaMW SLA 1 Ti0,, 4To onpeaenseTcs NOHMKEHHbIMU YPOBHAMM CUHTE3a NepBUYHbIX
1 BTOpMYHbIX AQK HeiTpodunamu npu uHKybaumm in vitro. YpoBeHb cuHTe3a AQK HelTpodunamm npu HKybauum KeToK
¢ 0bpaboTaHHbIMM Na3epoM WMMaHTaTaMU COOTBETCTBYET KOHTPOSIbHBIM 3HAYEHWSM U XapaKTepu3yeT MoBbilleHWe 6uo-
COBMeCTUMOCTU UMMNNaHTaToB NOA Bo3AencTBUEM nasepa. 0bpaboTaHHbIit f1asepoM Ti0, BbI3bIBAET MUHUMATIBHBIA YPOBEHD
pa3apaXKeHnst HEMTPOGUIOB MPU MHKYOALMM C KNETKaMM, YTO OMPeAesnisieT ero MakcuMarbHylo 6MocoBMECTUMOCTb Cpeam
uccnefyeMblx MMNIaHTaToB.

KnioueBbie cnoBa: NepuuMnNaHTUT; nedyeHne nNepuUMNIIaHTUTA; AeHTallbHble UMMJIaHTAThl; HEIZTPO¢MﬂbI; buocoeMecTn-
MOCTb; XeMUTIOMUHEeCLIEHLINA.
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BACKGROUND

Despite the advances and predictability of dental
implant therapy, postoperative complications associated
with wound damage and sterile inflammation (peri-
implantitis) remain common in both the early and late
postoperative periods [1, 2]. This is largely due to not only
mechanical wear, but also corrosion processes triggered
by the acidogenic properties of biofilm bacteria and the
biochemical activity of saliva. The release of metallic
nanoparticles of iron and titanium ions exerts cytotoxic
effects on the patient’s leukocyte-macrophage system
[3]. These processes can impact the quality and timing of
osseointegration, local oral immunity, and ultimately the
success of dental treatment.

Early intervention and a comprehensive approach—
including elimination of the infectious agent and corrective
and regenerative nonsurgical and surgical procedures—
are critical for effective peri-implantitis treatment.
Mechanical removal of granulation tissue and surface
decontamination of implants are currently viewed as
a promising strategy. Successful bone regeneration
after peri-implantitis treatment is crucial for long-term
outcomes; therefore, the implant surface should promote
regeneration and exhibit biocompatibility comparable to
that of a new implant [4, 5].

Inflammation is a pathophysiological response to
injury. The development of an inflammatory response to
bacterial and traumatic stimuli involves activation of the
innate immune system [6, 7]. Regulation of inflammation
and its resolution occurs through the interactions of
innate immune cells, whose functional activity ensures
the transition to the proliferative phase.

Neutrophilic granulocytes are the first cells to
migrate to the site of inflammation [6—8]. By expressing
numerous receptors on their cytoplasmic membrane,
neutrophils detect even minimal disturbances in the
internal environment and modulate their functions to
restore homeostasis [6, 8, 9]. Activated neutrophils
serve as powerful effector and regulatory elements in
the inflammatory cascade. One of the primary functional
processes of neutrophilic granulocytes is the respiratory
burst [8, 10, 11], defined as a process of increased
synthesis of reactive oxygen species (ROS) by phagocytic
cells (including neutrophilic granulocytes) during
completed phagocytosis [11, 12].

AIM: To assess the biocompatibility of implants
removed from the inflammation site and treated with Air
Flow and laser.

Biocompatibility was evaluated based on the level of
primary and secondary ROS synthesis by neutrophils using
chemiluminescence analysis [8, 10].
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METHODS

Study Design

« interventional (experimental)

« multicenter

 prospective

 selective

« controlled (new implants served as controls)
+ nonblinded

 nonrandomized

Eligibility Criteria
Inclusion criteria: clinical signs of peri-implantitis in the
peri-implant area; implants with TiO,, SLA, or RBM surfaces.
Exclusion criteria: absence of peri-implantitis signs;
evidence of implant osseointegration.

Study Setting

The study was conducted at Krasnoyarsk State Medical
University named after Professor V.F. Voyno-Yasenetsky,
the Federal Research Center “Krasnoyarsk Science Center
of the Siberian Branch of the Russian Academy of Sciences,”
and the Medident Clinical Research and Training Center
(Krasnoyarsk, Russia).

Study Duration

Planned study duration: 1 year.
Actual study duration: 1 year.

Intervention

All experiments were conducted in vitro. Three types of
implant surface were assessed: anodized titanium dioxide
(Ti0,); sand-blasted, large grit, acid-etched (SLA); and
resorbable blast media (RBM). Each surface group included
15 implants: 5 implants in each of the two study groups and
5 new implants (out of the package) in the control group.
In the experimental group 1, implants were explanted from
patients diagnosed with peri-implantitis and treated with Air
Flow and 0.2% chlorhexidine. In the experimental group 2,
the entire surface of the explanted implants underwent YSGG
laser treatment with a wavelength of 2780 nm using a turbo
tip with MX-5 nozzle (Biolase, USA) at 1.5 W power settings
and water/air flow set at 80/80. After treatment, the implants
were placed in sterile saline.

Neutrophil isolation was performed using the standard
Ficoll-Urografin density gradient method followed by removal
of adherent cells. The purity of the isolated neutrophils was
at least 97%, and their viability ranged from 98% to 100%.

Isolated neutrophils were divided into three fractions:
a control fraction and two experimental fractions (incubated
with untreated and laser-treated implants, respectively). All
fractions were incubated in vitro for 60 minutes at 37 °C,
followed by assessment of neutrophil chemiluminescent
activity.
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The reaction mixture for chemiluminescence consisted
of 20 pL of AB(IV)Rh(-) donor serum, 50 pL of luminol
or lucigenin (Sigma-Aldrich, USA) at a concentration
of 10° M, 40 pL of opsonized zymosan (for induced
chemiluminescence assays), 200 pL of neutrophil
suspension (2 x 10 cells/mL), and either 240 pL of
Hanks> balanced salt solution (PanEco, Russia) for
spontaneous chemiluminescence or 200 pL of Hanks»
balanced salt solution for induced chemiluminescence
[8, 10]. The choice of two chemiluminescent indicators
was based on the fact that lucigenin activation occurs only
through interaction with superoxide radicals, whereas
luminol detects both primary and secondary ROS [10]. The
following chemiluminescence parameters were analyzed:
time to maximum intensity (Tmax), maximum intensity
(Imax), and area under the chemiluminescence curve
(S). The activation index (Al) of chemiluminescence was
calculated as the ratio of the area under the zymosan-
induced chemiluminescence curve to that of spontaneous
chemiluminescence (Sind/Sspont).

Main Study Outcome

The main endpoint was the level of ROS synthesis
by neutrophils during incubation with implant surfaces
treated with Air Flow and chlorhexidine or laser.

Additional Study Outcomes

Secondary endpoints included the levels of spontaneous
chemiluminescence of neutrophils after incubation with
implants treated with different methods (YSGG laser at
2780 nm or Air Flow with chlorhexidine).

Outcomes Registration

Neutrophil counts were determined using
a Goryaev chamber. Spontaneous and zymosan-induced
chemiluminescence were recorded over 90 minutes using
a 36-channel chemiluminescence analyzer BLM-3607
(MedBioTech, Russia).

Ethics Approval

The study was approved within the dissertation
research of M.V. Sokolov, “Optimization of Peri-implantitis
Treatment Based on Implant Surface Type" (protocol
excerpt No. 124/2024 from the meeting of the local ethics
committee at the Federal State Budgetary Educational
Institution of Higher Education Krasnoyarsk State Medical
University, dated January 30, 2024).

Statistical Analysis

Descriptive statistics were presented as median (Me)
and interquartile range [25%; 75%]. Statistical significance
of differences in chemiluminescence activity between
groups was assessed using the Wilcoxon matched
pairs test. Statistical analysis was performed using
Statistica 8.0 software (StatSoft Inc., USA).
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RESULTS

Participants

Explanted implants with clinical signs of peri-implantitis
and different surface types: Ti0,, SLA, and RBM.

Primary Results

A comparison of lucigenin-dependent chemiluminescence
parameters of neutrophils after in vitro incubation with
control implants (SLA, RBM, and Ti0,) and implants from
group 1 revealed that, regardless of the implant type,
Tmax decreased and Imax and S values of spontaneous
neutrophil chemiluminescence increased (Fig. 1 a—c). Upon
induction of the respiratory burst by opsonized zymosan,
a decrease in Tmax and an increase in Imax and S values
were also observed during incubation with all tested
implants (Fig. 1 d—e). Changes in the zymosan-induced
chemiluminescence of neutrophils following incubation
with implants were greater than changes in spontaneous
lucigenin-dependent chemiluminescence, resulting in
a higher activation index (Al). For SLA implants, the control
Al was 1.70 [0.91-1.87], while in group 1 it was 3.01 [2.32-
6.50] (p=0.019); for RBM implants, the control Al was 1.91
[0.93-2.29], and 2.99 [2.18-6.54] in group 1 (p=0.022); for
Ti0, implants, the control Al was 1.82 [0.84-2.11], and 2.84
[1.98-6.55] in group 1 (p=0.026).

The kinetics (Tmax values) of luminol-dependent
chemiluminescence of neutrophils during in vitro incubation
with SLA, RBM, and Ti0, implants from group 1 did not
change (Fig. 2a). At the same time, the activity parameters
(Imax and S) of spontaneous and zymosan-induced luminol-
dependent chemiluminescence of neutrophils, relative to
the corresponding control values, also increased, similar
to the lucigenin-dependent chemiluminescence (Fig. 2 b—f).
The Al also increased: for SLA implants, the control Al was
3.63 [2.49-6.57], while in group 1 it was 6.65 [4.87-15.06]
(p=0.037); for RBM implants, the control Al was 4.01 [1.98—
7.42], and 6.14 [5.24-14.39] in group 1 (p=0.040); for TiO,
implants, the control Al was 4.08 [1.90-8.12], and 6.71 [5.07-
15.22] in group 1 (p=0.034).

In vitro incubation of neutrophils with laser-treated
SLA, RBM, and Ti0, implants (experimental group 2) did
not result in significant changes in chemiluminescence
parameters. All parameters of spontaneous and zymosan-
induced lucigenin-dependent chemiluminescence of
neutrophils after incubation with laser-treated implants
corresponded to the control values (Fig. 3). However, Imax
values for spontaneous and induced chemiluminescence
obtained during incubation with laser-treated Ti0, surfaces
were significantly lower than those observed with laser-
treated SLA and RBM surfaces (Fig. 3 b, e). The Al values
for lucigenin-dependent chemiluminescence of neutrophils
incubated with laser-treated implants were comparable to
controls: 1.68 [0.96—2.88] for SLA; 1.70 [1.00-3.22] for RBM;
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Fig. 1. Indicators of lucigenin-dependent chemiluminescence activity of neutrophils during in vitro incubation with implants of the 1%
experimental group: @ — time to reach the maximum of spontaneous chemiluminescence, b — maximum intensity of spontaneous
chemiluminescence, ¢ — area under the curve of spontaneous chemiluminescence, d — time to reach the maximum of zymosan-
induced chemiluminescence, e — maximum intensity of zymosan-induced chemiluminescence, f — area under the curve of zymosan-
induced chemiluminescence. 7 — control (new, taken from the package) SLA implant; 2 — control (new, taken from the package) RBM
implant; 3 — control (new, taken from the package) Ti0, implant; 4 — SLA implant treated with Air Flow air-abrasive mixture and
0.2% chlorhexidine; 5 — RBM implant treated with Air Flow air-abrasive mixture and 0.2% chlorhexidine; 6 — TiO, implant treated with
Air Flow air-abrasive mixture and 0.2% chlorhexidine. XJT — chemiluminescence.

and 1.72 [1.01-2.96] for Ti0,. Similarly, all parameters of
luminol-dependent chemiluminescence of neutrophils after
incubation with laser-treated implants were consistent
with control values (Fig. 4). The Al values for luminol-
dependent chemiluminescence were also comparable to
controls: 3.84 [1.52-7.68] for SLA; 3.45 [1.36—7.21] for RBM;
and 3.62 [1.66—7.04] for Ti0,. However, the Imax values
of spontaneous luminol-dependent chemiluminescence
obtained during incubation with laser-treated Ti0, surfaces
were lower compared to those observed with laser-treated
SLA and RBM surfaces (Fig. 4 b).

A comparison of lucigenin-dependent
chemiluminescence values obtained during in vitro
incubation of neutrophils with implants from the both

DOI: https://doi.org/10.17816/dent6 33838

experimental groups revealed the following findings
(see Fig. 1, 3). During incubation with laser-treated
SLA implants, Imax (p=0.007) and S (p=0.032) values
of spontaneous chemiluminescence were lower
compared to those obtained after incubation with SLA
implants from group 1. At the same time, Tmax of
zymosan-induced chemiluminescence increased, while
Imax and S values of induced chemiluminescence
decreased. Lower values of spontaneous and
zymosan-induced chemiluminescence observed after
incubation with laser-treated SLA implants also led
to decreased Al. During incubation of neutrophils
with laser-treated RBM surfaces, an increase in Tmax
for spontaneous (p=0.043) and induced (p=0.008)
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Fig. 2. Indicators of luminol-dependent chemiluminescence activity of neutrophils during in vitro incubation with implants of the 1
experimental group: @ — time to reach the maximum of spontaneous chemiluminescence, b — maximum intensity of spontaneous
chemiluminescence, ¢ — area under the curve of spontaneous chemiluminescence, d — time to reach the maximum of zymosan-
induced chemiluminescence, e — maximum intensity of zymosan-induced chemiluminescence, f — area under the curve of zymosan-
induced chemiluminescence. 7 — control (new, taken from the package) SLA implant; 2 — control (new, taken from the package) RBM
implant; 3 — control (new, taken from the package) Ti02 implant; 4 — SLA implant treated with Air Flow air-abrasive mixture and
0.2% chlorhexidine; 5 — RBM implant treated with Air Flow air-abrasive mixture and 0.2% chlorhexidine; 6 — Ti0, implant treated
with Air Flow air-abrasive mixture and 0.2% chlorhexidine. XJ1 — chemiluminescence.

chemiluminescence was observed compared to the
values obtained after incubation with RBM implants
from experimental group 1. Simultaneously, Imax
and S values for spontaneous (p=0.010 and p=0.039,
respectively) and induced (p=0.004 and p=0.015,
respectively) chemiluminescence decreased, along with
a reduction in Al (p=0.017). An increase in Tmax values
for spontaneous (p=0.008) and zymosan-induced
(p <0.001) chemiluminescence was also noted during
incubation with laser-treated Ti0, implants compared
to the corresponding values obtained after incubation
with implants from group 1. The Imax and S values
of spontaneous (p=0.007 and p=0.032, respectively)
and induced (p=0.001 and p=0.08, respectively)
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chemiluminescence, as well as the Al (p=0.011), after
incubation with laser-treated Ti0, surfaces were lower
than those observed after incubation with the same
type of implants from group 1.

The luminol-dependent chemiluminescence of
neutrophils activity during in vitro incubation with
laser-treated implants was also lower compared to
the values observed after incubation with implants
from group 1 (see Fig. 2, 4). Specifically, incubation
of cells with laser-treated SLA surfaces resulted
in a decrease in Imax and S values of spontaneous
(p=0.029 and p=0.011, respectively) and zymosan-
induced (p=0.030 and p=0.028, respectively) neutrophil
chemiluminescence compared to the corresponding
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Fig. 3. Indicators of lucigenin-dependent chemiluminescence activity of neutrophils during in vitro incubation with laser-treated implants
(2" experimental group): @ — time to reach the maximum of spontaneous chemiluminescence, b — maximum intensity of spontaneous
chemiluminescence, c — area under the curve of spontaneous chemiluminescence, d — time to reach the maximum of zymosan-induced
chemiluminescence, e — maximum intensity of zymosan-induced chemiluminescence, f — area under the curve of zymosan-induced
chemiluminescence. 7 — control (new, taken from the package) SLA implant; 2 — control (new, taken from the package) RBM implant;
3 — control (new, taken from the package) Ti0, implant; 4 — SLA implant treated with YSGG laser with a wavelength of 2780 nm;
5 — RBM implant treated with YSGG laser with a wavelength of 2780 nm; 6 — Ti0, implant treated with YSGG laser with a wavelength

of 2780 nm. XJ1 — chemiluminescence.

values after incubation with the implants from group 1.
The Al also decreased (p=0.029). A more pronounced
decrease in Imax and S values of spontaneous (p=0.014
and p=0.005, respectively) and induced (p=0.010 and
p=0.018, respectively) chemiluminescence, along with
a reduction in Al (p=0.012), was observed after incubation
with laser-treated RBM surfaces compared to the
corresponding values after incubation with the implants
from group 1. Similarly, lower Imax and S values of
spontaneous (p <0.001 and p=0.009, respectively) and
zymosan-induced (p=0.012 and p=0.029, respectively)
chemiluminescence, as well as a lower Al (p=0.019),
were detected after incubation with laser-treated TiO,
surfaces compared to Ti0, implants from group 1.

DOI: https://doi.org/10.17816/dent6 33838

The intensity of ROS synthesis by neutrophils is determined
by a wide range of functional and regulatory factors [8,
10, 11]. Under in vitro conditions, the chemiluminescence
activity of neutrophilic granulocytes essentially reflects
the degree of biological irritation induced by the object of
incubation (in this case, the implant). Thus, the specific
features of the activity and kinetics of lucigenin- and luminol-
dependent chemiluminescence responses characterize the
biocompatibility of the tested implants.

Lucigenin-dependent chemiluminescence reflects the
level of superoxide radical synthesis [10, 13]. Superoxide
radicals are synthesized by the NADPH oxidase (NOX) enzyme
system, which is localized both on the external membrane
of phagocytic cells and intracellularly [10, 14, 15]. Lucigenin
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Fig. 4. Indicators of luminol-dependent chemiluminescence activity of neutrophils during in vitro incubation with laser-treated implants
(2" experimental group): @ — time to reach the maximum of spontaneous chemiluminescence, b — maximum intensity of spontaneous
chemiluminescence, ¢ — area under the curve of spontaneous chemiluminescence, d — time to reach the maximum of zymosan-induced
chemiluminescence, e — maximum intensity of zymosan-induced chemiluminescence, f — area under the curve of zymosan-induced
chemiluminescence. 7 — control (new, taken from the package) SLA implant; 2 — control (new, taken from the package) RBM implant;
3 — control (new, taken from the package) Ti0, implant; 4 — SLA implant treated with YSGG laser with a wavelength of 2780 nm;
5 — RBM implant treated with YSGG laser with a wavelength of 2780 nm; 6 — Ti0, implant treated with YSGG laser with a wavelength

of 2780 nm. XJ1 — chemiluminescence.

cannot penetrate the cell membrane (being a hydrophilic
molecule), so lucigenin-dependent chemiluminescence
exclusively reflects NOX activity. In contrast, luminol, as a
chemiluminescent indicator, can permeate the cell membrane
and interact with all types of ROS [10]. Thus, luminol-
dependent chemiluminescence characterizes the overall ROS
pool (both primary and secondary species) synthesized by
phagocytic cells during their functional activity.

In vitro incubation of neutrophils with implants from
group 1 led to increased activity of both spontaneous
and zymosan-induced lucigenin- and luminol-dependent
chemiluminescence, regardless of the implant surface
type. This phenomenon is associated with the functional
response of neutrophilic granulocytes to the implants

DOl https://doi.org/10.17816/dent6 33838

and indicates a low level of biocompatibility. At the same
time, specific features of the kinetics were revealed:
exposure to non—-laser-treated implants in vitro resulted in
a decrease in Tmax for spontaneous and zymosan-induced
lucigenin-dependent chemiluminescence, whereas
Tmax values for luminol-dependent chemiluminescence
remained unchanged. Tmax reflects the time from
reception of a functional-regulatory signal by the cell
to the peak development of the chemiluminescence
response (determined by Imax) [8, 10]. Thus, contact
of neutrophilic granulocytes with non-laser-treated
implants caused strong NOX activation, stimulating
intracellular metabolic processes and leading to
a decrease in Tmax. Meanwhile, induction of secondary
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ROS synthesis occurs intracellularly through superoxide
radical formation and requires more time for mobilizing
metabolic reserves and activating related enzymes.
Therefore, Tmax values for spontaneous and zymosan-
induced luminol-dependent chemiluminescence did not
decrease and remained comparable to controls. It is
also noteworthy that in vitro interaction of neutrophils
with Air Flow-treated implants led to an increase
in the Al of both lucigenin- and luminol-dependent
chemiluminescence. The activation index reflects the
ability of phagocytic cells to additionally synthesize
ROS under the influence of functional-regulatory factors
[8, 10]. Thus, an increased Al indicates the presence of
preserved functional-metabolic reserves in neutrophilic
granulocytes after 1-hour incubation with non-laser-
treated implants (experimental group 1). Therefore,
SLA, RBM, and Ti0, implants explanted from patients
with peri-implantitis and treated with Air Flow and
chlorhexidine demonstrated insufficient biocompatibility
during interaction with neutrophilic granulocytes,
as evidenced by increased synthesis of primary and
secondary ROS while maintaining functional-metabolic
reserves. At the same time, the kinetics of primary
and secondary ROS synthesis by neutrophils during
incubation with RBM implants suggest that this surface
type, after Air Flow treatment, exhibits relatively higher
biocompatibility compared to SLA and Ti0, implants.

Secondary Results
No secondary results were identified during the study.

Adverse Events
No adverse events occurred during the study.

DISCUSSION

Summary of Primary Results

In vitro incubation of neutrophils with laser-treated
implants demonstrated levels of primary and secondary
ROS synthesis comparable to control values. However,
lucigenin- and luminol-dependent chemiluminescence
activity varied among the implant types. The Ti0, surface
elicited the minimal chemiluminescent response from
neutrophils compared to SLA and RBM surfaces, likely
due to surface-specific properties.

Discussion of Primary Results

The study demonstrated that laser treatment of implants
reduces their ability to induce irritation in neutrophilic
granulocytes and does not increase their chemiluminescence
activity. Thus, laser treatment appears to be the most
preferable method of implant surface decontamination
compared to the other methods studied.
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Study Limitations

« Limited applicability of in vitro results to in vivo
conditions, which may affect clinical extrapolation.

« Potential discrepancies between laboratory
conditions and the real oral environment, including
microbiological and physiological factors.

« Small sample size, which could limit statistical power
and the generalizability of results.

» Potential limitations of the chemiluminescence
method regarding sensitivity and specificity,
possibly affecting the accuracy of neutrophil activity
assessment.

« Individual variability in neutrophil responses, which
could impact the consistency of the findings.

CONCLUSION

This study demonstrated that SLA, RBM, and Ti0,
implants explanted from patients with peri-implantitis
and treated with Air Flow and chlorhexidine exhibited
low biocompatibility, evidenced by increased synthesis of
primary and secondary ROS by neutrophilic granulocytes
during in vitro incubation. However, Air Flow-treated
RBM implants show relatively superior biocompatibility
compared to SLA and Ti0, implants, which is attributed
to the decreased synthesis of primary and secondary ROS
by neutrophils during in vitro incubation. The level of ROS
synthesis by neutrophils during incubation with laser-
treated implants was comparable to that observed with
brand-new implants (out of the package), indicating an
improvement in implant biocompatibility following laser
treatment. The laser-treated Ti0, surface induced the
minimal level of neutrophil activation during incubation,
reflecting the highest biocompatibility of Ti0, among the
studied implants.
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