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ABSTRACT

BACKGROUND: One of the pressing issues in modern medicine is diabetes mellitus (DM) and its comorbidities, including dental
complications associated with it. The potential relationship between inflammatory processes in the oral cavity and the overall
state of the body has been discussed for a long time, as DM alters the metabolic components of vital organ systems.

AIM: To improve the clinical effectiveness of dental treatment in patients with type 2 diabetes and periodontitis-periodontal
disease by using transcanal copper-calcium electrophoresis and laser irradiation as adjunct therapies.

MATERIALS AND METHODS: A randomized, open-label clinical study was conducted involving 123 patients with type 2
diabetes and verified periodontitis. After obtaining informed consent, the oral cavity of all participants was examined, and
additional radiological diagnostics were used to verify periodontitis-periodontal pathology. To assess the acid-base balance in
the periodontal and periodontic tissues, the levels of pyruvate and lactate in the blood were measured using Lactate/Peruvat
test kits (LOX-PAP, Biocom, Germany), along with blood glucose parameters (Express-Satellite-PKG-0.3 method) before and
after combined treatment.

RESULTS: Significant shifts in baseline lactate levels were found in 75 (6 1.0%) patients, with lactate exceeding the physiological
norm by 2.9 times (p < 0.05) and pyruvate levels below the physiological norm by 33.6% (p <0.01). After combined treatment,
pyruvate levels increased and lactate levels decreased, leading to an improvement in the physiological ratio between lactate
and pyruvate from 54.8 [51.7; 57.9] to 31.6 [30.7; 32.6] units (p <0.05), demonstrating correction of hypoxia and acid-base
imbalance in the tissues.

Keywords: pyruvate; blood lactate; diabetes mellitus; acid-base imbalance; transcanal copper-calcium electrophoresis;
transcanal laser irradiation.
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AHHOTALIMSA

AkTtyanbHocTb. OfHOW M3 aKTyaslbHbIX MpobiieM COBPEMEHHOM MeaMLMHbI SBNSIOTCA CaxapHbld anabet 2-ro Tvuna (CH-2)
1 KoMOpOMAHbIE NATONOrWKM, B TOM YKCNE CTOMATONOMMYECKUE OCNOKHEHWS, accoumupyeMble ¢ HUM. Bonpoc o Bo3MoHOM
B3aMMOCBA3M BOCNaNMTENbHbIX NPOLECCOB B MOAOCTY PTa M COCTOSHMEM OpraHu3Ma B LENoM 06cyaeTcs o4eHb AaBHO, No-
cKonbKy npu C[, MeHsieTca MeTaboinyeckas KOMMOHEHTA KU3HEHHO BaXKHBIX OpraHHO-CUCTEMHBIX CTPYKTYP.

Llenb uccnepoBaHMa — MOBLICUTb KITMHUYECKYH0 3P EKTUBHOCTb CTOMATONOMMYECKOro eyeHns nauuenTos ¢ C1-2 c napo-
AOHTO-NEPUOSOHTATOM, UCMOMb3YA A1 BCMOMOraTeNlbHOro JieueHUs TpaHCKaHanbHbIN aneKTpodopes Meau-Kanbums U na-
3epHoro u3nydenus (HUJN) ¢ yuETOM KpuTepneB OLEHKU NAKTaT-NUPYBATHON pPeaKLMK M CTOMATONIOrMYECKOro cTaTyca.
Marepuanbl u Metopgbl. [lpoBefeHO paHAOMU3NPOBaHHOE OTKPLITOE KNMHMYecKoe uccnegoBanue 123 naumentos ¢ Cl-2
C BepudULMPOBaHHOI NapoLOHTO-NEPUOAOHTaNbHOM NaTonorueid. Mocne nognucaHns MHGOPMUPOBAHHOIO COrNacus y BCEX
Y4aCTHUKOB 0CMOTPEHa NoJIoCTb PTa, NPUMEHEHbI JONOHUTENBHO METOAbI Iy4eBO AMArHOCTUKW NS BepuduKauum napo-
AOHTO-NEPUOLOHTANLHOM MaTonorvi. [ns oLeHKN KUCNOTHO-LLENIOYHOro PaBHOBECHS B TKAHAX MEPUOAOHTA U MapojoHTa
uccneposanv yposru nupysarta (MBK) u naktata (JIK) kposw (tect-cucteMsl Lactat/ Peruvat [LOX-PAP, Biocom] (TepMahus),
napaMeTpbl KO3kl Kposu (MeTog Jkcnpecc-Catennmt-NKI-0,3) no 1 nocie KOMBMHUPOBaHHOIO ieYeHUs.

Pesynbrartbl. CylecTBeHHble cABUMM B UCXOAHBIX YpoBHsAX JIK BoisneHbl y 75 (61,0%) yenoBek B BUAE €ro MpeBbILLEHNS
oT du3monormyeckon Hopmbl B 2,9 pasa (p <0,05) n cHmkenns napametpos MK Huke dusnonormyeckon HopMbl Ha 33,6%
(p <0,01). NMocne KOMOUHMPOBaHHOTO NieyeHUs oTMedani nosbieHne MNBK 1 cHukenue JTK, 4To cnocobCcTBOBANO yNyYLLEHMIO
dusmonormyeckoro cootHoweHusa Mexay JIK: MBK ¢ 54,8 [51,7; 57,9] mo 31,6 [30,7; 32,6] en. (p <0,05), AeMoOHCTpUpYA Kop-
PEKLMI0 B TKAHAX ABNIEHWN MMMOKCUU W KUCIIOTHO-LLEN0YHOro aucbanaHca.

3akniouenue. [puMeHeHUe KOMBUHMpOBaHHOW Gu3uoTepanmn y naumeHtoB ¢ C[1-2 ¢ napoAoHTO-NepMOACHTabHOM Na-
TONOTMEN CHUKAET PUCKW BOCMANUTENbHBIX OCIOMHEHWUI U MOBBILLAET KIIMHUYECKYI0 3Q(MEKTUBHOCTD fledeHus. YcTpaHeHue
B TKaHAX MMNOKCUM M aUMA0TUYECKUX ABNIEHUIA YeunuBaeT 3P (heKTMBHOCTb CaHALMOHHOIO BO3LENCTBUSA B OTHOLLEHUN XPOHM-
YECKWX 0YaroB MHGEKLMM B POTOBOW NOAOCTH, YTO OPUEHTUPOBAHO Ha MOBbLILLEHWE afanTaLUMoHHbIX pe3epBoB. ocne npo-
BEAEHHOTO0 KOMOWHMPOBAHHOIO NEYEHMUs Y NaLMEHTOB OTMEYaiu YMEHbLUEHWE BbIPaXKEHHOCTH AMCMETAbONMYECKUX U TUMOK-
CMYECKUX SIBMEHWUN B TKaHAX, YTO NOATBEPXKAEHO YNydLlieHneM dusunonoruyeckoro cootHowenns mexxay JIK:NBK.

KnioueBbie cnoBa: MUPyBaT;, J1aKTaT KPOBW; caxaprM AnabeT; KMCNOTHO-LLIeNoYHoNW ancbanaHc; TpaHCKaHaﬂbelﬁ
3neKTp0d)ope3 Mean-Kanbuua; TpaHCKaHalbHOe Jla3epHoe BO3JeNCTBME.
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BACKGROUND

The pandemic of type 2 diabetes mellitus (T2DM) has
emerged as a serious public health threat [1-3]. The per-
sistent upward trend in T2DM prevalence is complicated by
worsening oral health in these patients, with edentulism
rates up to 15 times higher [2]. Increasing evidence indi-
cates that, in addition to glycemic risks, diabetes is asso-
ciated with comorbidities including dental diseases [1-3].
The concept of “metabolic memory”—where early glycemic
exposure causes long-term disruptions in target tissues
even after optimal glucose control—underscores the clini-
cal imperative for early risk identification and management
of comorbidities. In recent years, various physiotherapy
techniques have been increasingly applied to treat condi-
tions such as metabolic syndrome and associated dental
diseases [4-9]. However, combined transcanal electro-
phoresis of copper-calcium and laser irradiation have not
previously been used to treat T2DM with endodontic—peri-
odontal lesions.

AIM

This study aimed to improve the clinical efficacy of den-
tal treatment in T2DM patients with endodontic—periodontal
lesions by using adjunctive transcanal electrophoresis of
copper-calcium and low-level laser irradiation (LLLT), with
assessment criteria including lactate—pyruvate response and
dental status.

METHODS

A randomized, open-label clinical trial was conducted
with 165 T2DM patients; 123 of them were confirmed to have
endodontic—periodontal lesions, which is consistent with an
average 75% prevalence of dental disease in 40- to 70-year-
old T2DM adults [1, 2, 4, 5].

The research was conducted in accordance with the eth-
ical standards of the Declaration of Helsinki (as amended in
2013) under ethical approval No. 24 (2022, Peoples’ Friend-
ship University of Russia).

Participants with T2DM (59 men, 47.9%; 64 women,
52.1%) underwent confirmation of endodontic—periodontal
lesions via medical and dental history [6, 7], oral examina-
tion, and dynamic laboratory assessment of gluconeogenesis
metabolites, i.e., blood pyruvate and lactate levels [8-10].
Blood samples were drawn from the antecubital vein, cen-
trifuged for 5 minutes at 1700 g, and analyzed using an en-
zymatic colorimetric Lactate/Pyruvate assay [LOX-PAP, Bio-
com, Germanyl. The analyte concentrations were measured
with a PE-5300VI spectrophotometer. Working length in af-
fected teeth was measured using an electronic apex locator
(Dentaport ZX RCM-EX, Japan) [10-12].

Inclusion Criteria: T2DM patients aged 40-70 with con-
firmed endodontic—periodontal lesions who provided in-
formed consent.
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Non-inclusion Criteria: Age < 40 or > 70, severe T2DM
complications, intolerance to electrophysiological procedures
or copper/calcium or laser irradiation [13-15].

Exclusion Criteria: Non-adherence to the treatment pro-
tocol. Before the administration of the medication via tran-
scanal delivery (transcanal electrophoresis [16]) and prior to
final obturation, root canals were treated transcanally using
laser irradiation (A = 810 nm) and a 3% sodium hypochlorite
solution.

Intervention

The study included 123 patients with T2DM and confirmed
endodontic—periodontal lesions. Clinical and laboratory eval-
uations were conducted at the City Endocrinology Department
in Moscow and the rehabilitation unit of the Victoria Sanato-
rium. Assessments focused on height, weight, body mass
index, and consultations with an endocrinologist, dentist, and
physiotherapist. Dental status was evaluated by radiographic
imaging (panoramic radiography), and laboratory assessment
included plasma levels of pyruvate and lactate as potential
targets for non-pharmacologic transcanal laser and cop-
per-calcium drug electrophoresis [16]. Before transcanal
administration of the drug (endodontic electrophoresis) and
final obturation, root canals were treated with transcanal
laser irradiation (A = 810 nm) and 3% sodium hypochlorite.
Parameters of transcanal LLLT were: 810 nm wavelength
with continuous laser mode; 80-1200 Hz pulse frequency;
30-120 s exposure duration per field, with a power flux den-
sity of 15-20 mW/cm?

Lactate and pyruvate levels were selected as diagnostic
markers and potential targets for combined transcanal laser
exposure and electrophoresis of copper-calcium [17].

In all patients, body mass index was calculated and the
severity of metabolic disturbances was assessed using plas-
ma levels of lactate (L) and pyruvate (P) (mmol/L). The L:P
ratio was also calculated to compare with normal physio-
logic levels. All T2DM patients with endodontic—periodontal
lesions exhibited metabolic disturbances, evidenced by radio-
logic signs in the periodontium and elevated plasma lactate
and glycated methemoglobin (HbA1c) levels, combined with
reduced pyruvate values and an altered physiological ratio
between them [18-20].

RESULTS

The distribution of patients across the study groups by
severity of T2DM and diagnosed endodontic—periodontal le-
sions (n = 123, abs./% of total) is shown in Table 1.

Significant shifts in baseline lactate levels were found in
75 patients (61.0%), with lactate levels exceeding the normal
reference range by 2.9 times (p < 0.05) and pyruvate levels
falling 33.6% below the lower limit of the reference range
(p < 0.01) (Table 2).

After combined treatment, pyruvate levels increased
and lactate levels decreased, leading to an improvement in
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the L:P ratio from 54.8 [51.7; 57.9] to 31.6 [30.7; 32.6] units
(p < 0.05), demonstrating correction of hypoxia and acid-
base imbalance in the tissues. The most pronounced positive
changes were observed in group 1 patients who received
transcanal laser therapy of the root structures of affected
teeth followed by transcanal electrophoresis of copper-
calcium. Correction of tissue hypoxia and acidosis enhances
the efficacy of decontamination in chronic oral infection foci
and improves the adaptive capacity of patients with T2DM.

Participants

The study enrolled 123 patients with T2DM (59 men and
64 women), all diagnosed with endodontic—periodontal le-
sions. Significant baseline deviations were observed: se-
rum lactate levels were 2.9-fold above the reference range
(p < 0.09), and pyruvate levels were 33.6% below normal
(p < 0.01), reflecting pronounced anaerobic shifts amid acid-
base imbalance in the tissues. In group 1 (transcanal laser
irradiation of affected root structures followed by copper-cal-
cium electrophoresis), the L:P ratio improved significantly
from 54.8 [51.7; 57.9] to 31.6 [30.7; 32.6] units (p < 0.05),
indicating correction of tissue hypoxia and acid—base distur-
bance.

Significant baseline shifts in blood lactate levels were
identified in 75 patients (61.0%), with concentrations exceed-
ing the reference range by 2.9 times (p < 0.05) and pyru-
vate levels decreased by 33.6% below the reference range
(p < 0.01). In 56.5% of patients with T2DM, manifestations of
endodontic—periodontal lesions (exudative, hemorrhagic, and
proliferative forms) included marked cyanosis of the gingi-
val margin, friability of the interdental papillae accompanied

Table 1. Patients with DM-2 and diagnosed periodontal periodontitis

Tom 24, N° 12025
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by granulation tissue protruding from the papillae, and pu-
rulent or hemorrhagic exudate. In 30.6% of patients with
T2DM, periodontal changes were characterized by gingival
collar-like encasement of the tooth necks and bulbous swell-
ing of the interdental papillae, more frequently observed in
individuals with severe disease progression. All patients with
T2DM in the study exhibited a marked elevation in lactate
levels, whereas pyruvate levels were significantly reduced
to 33.6% below the reference range (p < 0.01), indicating
pronounced anaerobic shifts associated with T2DM-related
metabolic disturbances. Following combination therapy, an
increase in pyruvate concentration and a decrease in lac-
tate levels were observed, contributing to the improvement
of the physiological L:P ratio from 54.8 [51.7; 57.9] to 31.6
[30.7; 32.6] units (p < 0.05), indicating resolution of tissue
hypoxia. Prior to dental treatment, it is essential to conduct
a thorough evaluation of patients with T2DM, assessing not
only their dental status but also identifying potential targets
of metabolic imbalance—specifically pyruvate and lactate
levels—to mitigate dental complications and glycemic risks.

Statistical Analysis

Data were processed using Microsoft Excel (2017) and
IBM SPSS Statistics 26 (PASW Statistics 2018). Descriptive
statistics included mean + standard deviation, interquartile
ranges (Q1; Q3), histograms, and box plots. Normality of dis-
tribution was assessed via descriptive metrics and the Sha-
piro-Wilk test. Changes in glycemic control and HbC% were
analyzed using repeated-measures ANOVA (general linear
model). Absolute and relative variables were compared using
the Student’s t-test (p < 0.05). For comparison of independent

Sex (abs., %)

Dental disease

eroups M F T2DM severity Periodontitis Periapiac:c: E::::gontitis
Group 1 15(122) 16 (13.0) Mild 17 (54.8) 17 (13.8) 39 (31.7)
Moderate 11(36.6)
Severe 1(3.4)
Group 2 15(122) 16 (13.0) Mild 16 (51.6) 16 (13.0) 34.(27.6)
Moderate 13 (41.9)
Severe 2 (6.5)
Group 3 15(122) 16 (13.0) Mild 16 (51.6) 15(12.2) 32 (26.0)
Moderate 13 (41.9)
Severe 2(6.6)
Group 4 14 (11.4)  16(13.0) Mild 13 (43.3) 17 (13.8) 32 (26.0)
Moderate 15 (50.0)
Severe 3(10.0)

Note. All groups are comparable in terms of diabetes mellitus severity, gender (p >0.05), and dental pathology (p >0.05).

DM-2 — diabetes mellitus type 2.

DO https.//doi.org/ 10.17816/rjpbré46519
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Table 2. Blood lactate and pyruvate levels in DM-2 patients with periodontal pathology before and after physiotherapy treatment (n=123)

Parameter Group 1 Group 2 Group 3 Group 4
Before treatment
Lactate, mmol/L 2.97 2.8 2.89 2.86
[2.88; 3.16] [2.6; 3.05] [2.68; 3.09] [2.65; 3.17]
After treatment
Lactate, mmol/L 1,9 2,5 2,4 2,6
[1,8; 2,0]#- [2,3; 2,75]* [2,3; 2,591 [2,5; 2,71*
Reference range: 0.95-1.8 mmol/L
Before treatment
Pyruvate, mmol/L 0,04 0,0379 0,037 0,026
[0,03; 0,048] [0,028; 0,043] [0,03; 0,044] [0,02; 0,032]
After treatment
Pyruvate, mmol/L 0,058 0,04 0,048 0,046
[0,05; 0,068]" [0,038; 0,045]* [0,04; 0,053] [0,04; 0,052]
Reference range: 0.05-0.06 mmol/L
Before treatment
L:P (units) 54.8 61.8 58.4 56.8
[51.7; 57.9] [60.8; 62.8] [57.3; 59.6] [54.5; 59.1]
After treatment
L:P (units) 31.6 59.8 58.0 55.4
[30.7; 32.6]* [58.8; 60.71** [57.3; 58.91** [54.5; 56.4]**

Reference range: 19.0-20.5 mmol/L

Note. LC — blood lactate; PVC — blood pyruvate. The data is presented by Me [Q,; Q,]. The reliability in each group before and after
treatment according to the Wilcoxon criterion: # — p <0.05; # — p <0.01. The reliability between the groups in relation to the 4th group

without physiotherapy after treatment according to the Kraskel-Wallis criterion: * — p <0.05; ** — p <0.01.

groups with non-normal distribution across more than two
groups, the Kruskal-Wallis test was used. When comparing
two dependent groups, the Wilcoxon signed-rank test was
applied. To compare with the control group, the Mann-Whit-
ney U test was used. Changes in the studied parameters
during treatment were assessed using the Wilcoxon signed-
rank test for paired samples with non-normal distribution.
Correlations between age (predictor) and the studied pa-
rameters (outcomes) were assessed using the Spearman’s
correlation coefficient for groups with non-normal distribu-
tions and the Pearson’s correlation coefficient for normally
distributed data.

DISCUSSION

The present study highlights the importance of assessing
not only the dental status of patients with T2DM but also
their acid—base balance markers, specifically blood pyruvate
and lactate, which reflect the degree of tissue hypoxia and
oxidative stress within the dentoalveolar complex.

In T2DM patients who received adjuvant transcanal la-
ser irradiation of affected tooth root structures followed by
transcanal copper-calcium electrophoresis, a more rapid
restoration of damaged dental and periodontal tissues was

DOl https://doiorg/10.17816/rjpbré46519

observed. This recovery was associated with normalization of
the L:P ratio and a reduction in glycemic risks.

Additionally, this therapeutic protocol enhanced repara-
tive and adaptive responses in the tissues of patients receiv-
ing transcanal copper-calcium electrophoresis alone.

It is well established that LLLT provides significant mi-
crovascular, antioxidant, and anti-inflammatory benefits [11-
18]. Therefore, it may be concluded that laser therapy exerts
significant anti-inflammatory and disinfecting effects in the
complex root canal systems of affected teeth, supporting en-
hanced tissue healing, particularly after the administration of
a therapeutic copper-calcium depot.

CONCLUSION

In summary, combined physiotherapy in T2DM patients
with endodontic—periodontal lesions reduces the risk of in-
flammatory complications and improves clinical outcomes.
The mitigation of tissue hypoxia and acidosis enhances the
efficacy of infection control measures for chronic oral foci,
ultimately contributing to increased adaptive capacity. Fol-
lowing combination therapy, patients demonstrated reduced
severity of metabolic disturbances and hypoxic events, as
evidenced by improved physiological L:P ratios.
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A0NOJIHATENIbHAS! UHDOPMALIUA

WUcTounuk ¢mHaHcupoBaHMsA. ABTOpLI 3asBMAT 06 OTCYTCTBUM
BHELUHero (WHaHCMpOBaHWA NpU MpOBELEHWUM WCCNeLoBaHWS
W MOArOTOBKe NMybimKaumv.

KoHdnukT uHTepecoB. ABTOpbI [eKNapypyioT OTCYTCTBME ABHbBIX
W NOTEHLMANBHBIX KOHDIMKTOB MHTEPECOB, CBA3aHHBIX C NPOBEAEH-
HbIM MCCNefloBaHVeM W NybAMKaLMeN HaCTOALLEN CTaTby.

Bknap, aBTopoB. Bce aBTOpLI NOATBEPXAIOT COOTBETCTBME CBOETO
aBTOPCTBA MeXAyHapoaHbIM kputepmsam ICMJE (ce aBTopbl BHEC/N
CYLLLECTBEHHDIM BKIaZ B pa3paboTKy KOHLENLWKW, NpoBefeHe mc-
CneaoBaHUs U NOArOTOBKY CTaTby, MPOYNM U 0400punv GuHanbHyto
Bepcuio nepes Nybnaukaumei). Hambonblumin BKnaa pacnpefenéH
cnenytomm obpasoM: T. Yxempse — cbop matepuana; A.C. Tka-
UeHKO — cTaTucTVYeckas obpabaTka, pepakuwms; H.I. Kynukosa —
HanvcaHvie, pefaKums.
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