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PATHOBIOCHEMICAL ASPECTS OF DIVERS BARODENTALGIA
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Introduction. During their descent under water, divers may suffer from acute toothache attacks (barodentalgia), creating an emergency that leads to the
termination of diving descent. Barodentalgia can be caused by hypoxic process in the pulp of filled teeth under increased intrapulpal pressure.

Objective. To reveal the peculiarities of hypoxic processes in the pulp of filled teeth under hyperbaric exposure basing on oximetry and fluorescence change
parameters.

Materials and methods. The study involved 34 male divers who underwent a dental examination at the first stage to select individuals for the second stage
of the experiment. 24 subjects were selected for the second stage and evaluated for oximetric (mixed blood saturation) and fluorescent (reduced coenzyme
NADH, oxidized coenzyme FAD, fluorescent oxygen consumption index — FOCI) indices of filled teeth. The evaluation was performed by optical tissue oxim-
etry (OTO) and laser-induced fluorescence (LIF) methods before and after immersion in a barocamera at pressure of 0.4 MPa while breathing air.

Results. Following exposure to increased pressure of the gas medium as compared to the initial values in the filled teeth, the following phenomena were
observed: decrease in pulp saturation by 33.7% (p<0.05); increase in NADH by 14.4%; decrease in FAD by 22.9%; increase in FOD by 73.4% (p<0.05).
Conclusions. The revealed changes in the indicators of mixed blood saturation, NADH, FAD and FOCI confirm the presence of hypoxic process in the pulp
of filled teeth under hyperbaric exposure.
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NMATOBUOXUMWNYECKNE ACIMEKTbl BOSHUKHOBEHUA BAPOOAEHTATTN Y BOOOJIA30B
.P. Knenkog, A.C. KpreoHoc™, P.A. pawwuH, A.B. MoToukas, B.A. XXenesHsik, V1.C. Magai

BoeHHo-MeamnumHekas akagemuns nvern C.M. Kuposa MuHncTepcTBa 060poHbl Poccurickon ®epepaumn, CaHkT-MNeTepbypr, Poccus

BBepeHue. Y BOL0M1A30B Npw Crycke nog Body MOryT BO3HMKATb MPUCTYMbl OCTPO 3yOHOM 601 (BapoaeHTanrnm), Kotopas co3aaeT aBapuiiHyto CUTyaumio
1 BeJET K NMPeKpaLLeHnio BOAONa3HOro cnycka. bapoaeHTanrna MOXeT ObiTb 00yCNOBAEHa MUMOKCUYECKMM NMPOLECCOM B Mybre MIoMOUPOBaHHbIX 3y60B
1 MOBbILLEHVEM BHYTPUMYbMNApPHOrO AaBNeHs.

Llenb. Ha ocHoBaHWM n3mMeHeHiA nokasaTenen (OKCUMEeTPUM 1 hnyopecLenLym) BbISBUTbL OCOOEHHOCTU MPOTEKaHMS MMMNOKCUYECKMX MNPOLECCOB B Myfbre
NAOMOUPOBaHHbIX 3y60B MpK rMNepbapu4eckom BO3AENCTBUN.

Matepuanbl u meToAbl. B nccnegoBaHnv npuHanm y4actne 34 Bogonasa ua vincna aunL, My>XCckoro nona. Ha nepsom atane 6b1/10 NPoBEAeHO X CTOMATO-
nornyeckoe obcnefoBaHvie ¢ Lienbto 0Téopa NPETeHAEHTOB Ha BTOPO 3Tan akcnepuMeHTa. Ha BTopol atan oTobpaHo 24 1cnbiTyeMblX, Y KOTOPbIX MPo-
Be[leHa OLeHKa OKCMMETPUHECKUX (CaTypaums CMELLAaHHOM KPOBU) 1 (DTyOPECLIEHTHBIX (BOCCTAHOBNEHHbIN KOPepMeHT HAJH, OKMCNeHHbI KOhepMeHT
DGAL, hnyopecLeHTHbIN nokasaTtenb noTpebneHnst kncnopoga — PrK) nokasarenei NnomMerpoBaHHbIX 3y60B. OLEHKY NPOBOANIN METOAAMM ONTUHECKO
TkaHeBou okcumeTpun (OTO) n naszepHon dnyopecueHTHon anarHocTkn (J1OP) oo n nocne norpy>keHnsi B 6apokamepe npu gasneHnn 0,4 Mla npu gpl-
XaHUM BO3[YXOM.

PesynbTaThl. [10Cne BO3AENCTBMS NOBbLILLEHHOrO AaBeHNsS ra30BOM CPEAb! MO CPABHEHWIO C UCXOLHBIMU 3HAYEHUSIMM B MIIOMOUPOBaHHbIX 3y6ax Habno-
[anochk: CHKeHWe caTypaumm nynbnbel Ha 33,7% (p < 0,05); yBenuderne HALH Ha 14,4%; cHkeHne PAL Ha 22,9%; nosbiweHne PIrK Ha 73,4% (p < 0,05).
BbiBoAbl. BbisiBNeHHbIE N3MEHEHVA NoKasaTenel caTypauum cMellanHon kposu, HAH, AL n OIK noaTeepx4atoT HanmM4mne rmnoKCn4ecKoro npouecca
B Nysibre nioMnpoBaHHbIx 3y60B Npwu rmnepbapnieckomM BO3OencTBIM.

Knto4yeBble cnoBa: 3y6Hasi 60b; cTOMATONOrus; 6apofeHTanris; Bo4onasbl; rMrokcus; caTypauus; nnomMorpoBaHHble 3yObl
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HK1a BapopeHTanrmm y BogonasoB. MeauimHa akeTpemasibHbix cuTyaumi. 2024;26(3):65-70. hitps:/doi.org/10.47183/mes.2024-26-3-65-70

®duHaHcMpoBaHue: paboTa BbiNosHeHa 663 CrOHCOPCKON MOAAEPKKN.

BnaropgapHocTu: npodeccopy Bopucoson OneoHope leHHaaneBHe 1 goueHTy KoBanesckoMy AnekcaHapy MedvcnaBoBuyy 13 BoeHHO-MeauUMHCKON
akafgemMnm 3a LeHHble KpUTUYECKNE 3aMedaHnsl.

CoOoTBETCTBUE NPUHLMMNAM 3TUKMU: UCCle0BaHNe 0006PEHO Ha 3acellaH HE3aBUCUMOrO STUYECKOrO KOMUTETa NPY BoeHHO-MeaMLIMHCKON akagemMmm uMe-
Hu C.M. Knposa (Bbinrcka 13 npotokona Ne 286 oT 19.12.2023). Bce y4acTH1kM nognvcany Lo6poBobHOE MH(POPMMPOBAHHOE Corflacue Ha 1ccnefoBaHue.

nOTeHLWIaﬂbeIﬁ KOHq)ﬂI/IKT WHTEepeCcOoB: aBTOPbI 3aABNAIOT o6 OTCYTCTBUU KOHCDJ'II/IKTa VHTEpeCcoB.

P><] KpueoHoc Aptem Cepreesud artemkriwonos@yandex.ru

Cratbsa noctynuna: 07.07.2024 Mocne popaboTku: 27.08.2024 MpuHaTa K ny6nukauuu: 29.08.2024

© I.R. Klenkov, A.S. Krivonos, R.A. Grashin, A.V. Pototskaya, V.A. Zheleznyak, |1.S. Maday, 2024

EXTREME MEDICINE | 2024, VOLUME 26, No 3 | 65



OPUTNMHAJIbHASA CTATbA | MOPCKASA MEOVLIMHA

INTRODUCTION

When diving under water, a person is affected by nu-
merous factors of increased environmental pressure (the
value of the total pressure and its variations, increased
partial pressure of gases, high density of the gas mix-
ture, frequency and duration of period under pressure,
increased heat capacity and thermal conductivity of
water, mechanical impact of equipment, etc.), forming
specific conditions of diving labor and causing changes
in the state of the human body some of which may be
pathological [1].

Such pathological manifestations can significantly
reduce professional efficiency of a diver and create an
emergency situation, which inevitably entails reduction of
professional longevity. One such pathological condition is
barodentalgia, a syndrome arising under conditions of al-
tered environmental pressure characterized by attacks of
acute or aching toothache, as well as painful sensations in
the dental row area [2].

According to research [2], one of the risk factors for
barodentalgia in divers is the presence of filled teeth. In the
pathogenesis of barodentalgia, an important role may be
played by the hypoxic process, which develops in the pulp
chamber of filled teeth as a result of impaired microcircu-
lation. Hypoxic processes occur as a result of peripheral
pulp vessels narrowing under the impact of increased en-
vironmental pressure and reduction of the pulp chamber
in volume due to the formation of replacement dentin — a
plastic process of the pulp that occurs in response to the
consequence of damage to the hard tissues of the tooth
(carious lesion).

Various methods are currently used to perform a quan-
titative assessment of metabolic processes occurring in
human tissues — in particular, in the dental pulp [3-4]. In
the present context, the most accessible techniques in-
clude optical tissue oximetry (OTO) and laser-induced fluo-
rescence (LIF) [5]. These techniques allow to assess not
only tissue parameters in general, but also changes in cel-
lular metabolism characteristic of the hypoxic process in
the dental pulp.

The purpose of the study is to identify the peculiarities
of hypoxic processes in the pulp of intact and filled teeth
under hyperbaric exposure on the basis of changes in the
oximetry and fluorescence parameters.

MATERIALS AND METHODS

Under the auspices of the Military Medical Academy, we
conducted a study with the participation of the Northern
Fleet divers (n = 34), who were selected for the presence
of barodentalgia in the anamnesis revealed via questioning
using a questionnaire developed by us, as well as those re-
ferred for health reasons. The age of the experimental sub-
jects ranged from 24 to 47 years. All subjects were male.
The study was carried out in two stages.

At the first stage of the study, 34 individuals were se-
lected based on oral examination data and analysis of cone
beam computed tomograms (hereinafter referred to as
CBCTs). The main selection criterion for participation in the

study was the presence of a pair of symmetrical teeth (one
morphofunctional group) in which one tooth was affected
by barodentalgia and the second tooth was intact. 24 test-
ers were selected for the second stage.

At the second stage of the study, we evaluated oxi-
metric and fluorescent indices of intact and filled teeth of
24 subjects by the method of oxidative metabolism diag-
nostics using the LASMA-D apparatus (Russia) before and
after immersion in the flow-decompression chamber KVD-
1600 (Russia) for a duration of 125 minutes at a pressure
of 0.4 MPa under a special decompression mode with air
breathing.

The following parameters were measured: mixed blood
(arterial and venous) saturation using the technique of opti-
cal tissue oximetry (OTO), fluorescence emission amplitude
of reduced coenzyme NADH and oxidized coenzyme FAD
using the technique of laser-induced fluorescence (LIF).

Based on the fluorescence spectra obtained under
excitation by external radiation, we calculated the fluores-
cence oxygen consumption index (FOCI), which reflects
the redox potential in intracellular mitochondria, according
to the formula [5]:

ANADH

FOCI = ,
AFAD

(1)

where FOCI — fluorescent indicator of oxygen consump-
tion; ANADH — amplitude of fluorescence emission of the
reduced nicotinamide adenine dinucleotide coenzyme;
AFAD — amplitude of fluorescence emission of oxidized
flavoproteins.

Mathematical data processing was carried out on a
personal computer using the software package “StatSoft
STATISTICA 10”. Quantitative data were checked for com-
pliance with the theoretical Gauss-Laplace distribution law
using the Shapiro-Wilk criterion. The groups were com-
pared using the Mann-Whitney U-criterion.

STUDY RESULTS

During the collection of anamnesis data, the tooth sub-
jected to barodentalgia was identified. It was also de-
termined that barodentalgia occurred in filled teeth with
clinically complete fillings, in carious teeth with different
localization of the carious process and in teeth with caries
recurrence. Based on the results of the dental examina-
tion, 24 individuals were selected, each having a pair of
symmetrical teeth (of the same morphofunctional group),
in which one tooth was barodontalgic while the other was
intact. Filled teeth with clinically complete fillings and with-
out signs of caries recurrence, in which the filling material
was located within the peri-pulpal dentin, were selected
for the study.

The incidence of filled teeth was significantly higher in
the masseter group of the jaws than in the anterior group.
Figure 1 shows an example of a CBCT of an experimental
subject who met the selection criteria for participation in
the study.

At the second stage, to evaluate oximetric and fluores-
cent parameters, we examined the molar groups of teeth
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The figure was prepared by the authors using their own data

Fig. 1. Panoramic section of the cone-beam computed tomogram of diver V. (P is a filled tooth, and E is an intact tooth)

of the upper and lower jaws due to the high frequency of
occurrence (p < 0.05) of filled teeth in this localization com-
pared to other groups.

The results of oximetric and fluorescence diagnostics
are presented in Table 1.

Figure 2 shows the results of OTO. Following exposure
to elevated pressure, the mixed blood saturation level in
intact teeth increased by 19.4%, while in filled teeth it de-
creased by 33.7% compared to baseline, which is a statisti-
cally significant change (p < 0.05).

Table 1. Oximetric and fluorescence diagnostic results

While a decrease in the mixed blood saturation level
in the filled teeth following hyperbaric exposure indicates
the presence of a hypoxic process in the pulp, our tasks
were, firstly, to identify the cause of this process, and sec-
ondly, to determine the changing vector in the metabolic
processes of intact and sealed teeth at the tissue level,
forming the basis for an extended LIF-used diagnostics
of pulp.

The results of the LIF are presented in the table. The
initial value of the fluorescence emission amplitude of the

Indicator Tooth condition Descent period Me [Q25;Q75] Degree of change, %
Oximetric indicators (GRT)
before hyperbaric exposure 38.1[28.9;49.3]
intact 19.40
after hyperbaric exposure 45.5[38.5;56.6]
Saturation
before hyperbaric exposure 19.6[11.9;35.3]
filled -33.70"
after hyperbaric exposure 13.0[5.7;23.0]
Fluorescent indicators (LIF)
before hyperbaric exposure 1.16[0.87;1.22]
intact -15.50
after hyperbaric exposure 0.98[0.82;1.16]
NADH
before hyperbaric exposure 1.11[0.92;1.20]
filled 14.40
after hyperbaric exposure 1.27[1.17;1.38]
before hyperbaric exposure 1.13[0.88;1.28]
intact -34.50
after hyperbaric exposure 0.74[0.62;0.98]
FAD
before hyperbaric exposure 1.18[0.965;1.31]
filled -22.90
after hyperbaric exposure 0.91[0.685;1.16]
before hyperbaric exposure 1.02[0.83;1.42]
intact 23.50
after hyperbaric exposure 1.26[0.92;1.43]
FOCI
before hyperbaric exposure 0.94[0.77;1.23]
filled 73.40*
after hyperbaric exposure 1.63[1.33;1.84]

The table was prepared by the authors using their own data

Note: * —p < 0.05
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Fig. 2. Change in the oximetric indices of mixed blood saturation (p < 0.05)

reduced NADH coenzyme in intact teeth was 15.5% higher
than after hyperbaric exposure. The initial NADH level in the
filled teeth turned out to be 14.4% lower on average than
after hyperbaric exposure. The data of the NADH indicator
are not statistically strong.

The initial values of the fluorescence emission ampli-
tude of the oxidized coenzyme FAD in intact teeth turned
out to be significantly higher than those after exposure to
increased pressure by an average of 34.5%. The initial val-
ues of the same indicator for the filled teeth were higher
than after exposure to increased pressure by an average
of 22.9%. The data of the FAD indicator are not statistically
expressed.

The results of calculating the fluorescent indicator of
oxygen consumption are shown in Figure 3. Under nor-
mobaric conditions, the FPC in intact teeth was 23.5%
lower than after hyperbaric exposure. The initial values of
FPC in the filled teeth were statistically significantly lower
than after hyperbaric exposure by an average of 73.4%
(b < 0.05).

Thus, changes in saturation and FPC indicators reveal
a hypoxic process in sealed teeth that occur under condi-
tions of increased gas pressure, whereas in intact teeth a
change in this indicator is a sign of a slight decrease in the
activity of metabolic processes.

DISCUSSION OF THE RESULTS

The calculated FPC indicator, which is based on determin-
ing the activity of intracellular mitochondria, indirectly re-
flects the level of oxygen metabolism in cells; however, in
our study this indicator turned out to be very informative,
since it allowed us to determine the presence of a hypoxic
process in the pulp of filled teeth.

According to C.M. Math et al. (2017), centralization of
blood flow under conditions of increased environmental
pressure is followed by the development of a compen-
satory adaptive reaction in the form of narrowing of pe-
ripheral vessels against the background of a systemic
increase in blood pressure [2]. In the pulp of the filled
teeth, which are reduced in volume due to the formation
of substitutive (tertiary) dentin, vasoconstriction leads

1.8 7
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Fig. 3. Change in fluorescence index of oxygen consumption (p < 0.05)

to a significant decrease in microcirculation and perfu-
sion.

With insufficient perfusion of the filled tooth tissues, an
energy deficit occurs due to the participation of oxygen
as a substrate of cytochrome oxidase in aerobic energy
formation reactions. Lack of oxygen leads to a change in
the enzyme complexes activity of the respiratory chain and
a decrease in the level of adenosine triphosphate (ATP).
This has a detrimental effect on energy-dependent cellular
reactions, e.g., the formation of membrane potential, ion
transport, electrogenic cell function, etc. [6-7].

A partial blockade of the respiratory chain also leads
rapidly to an excessive concentration of reduced coen-
zymes such as NADH and FADH,, which spontaneously
dissociate with the release of protons to increase intrami-
tochondrial hypoxia. This stage is characterized by an
even greater slowdown in the oxidation of substrates in
the tricarboxylic acid cycle and oxidative decarboxyla-
tion of pyruvic acid, increasing the accumulation of lac-
tic acid (lactate) due to glycolysis under these conditions
becoming the main energy process in the pulp cells of
sealed teeth, while a high level of lactate contributes to
an increase in the concentration of pyruvic acid and/or
NADH [8-9].

The hypoxic process causing the development of an
energy deficit of pulp cells triggers the release of bio-
logically active substances such as bradykinin, serotonin,
neuroactive peptides, etc., which, acting on the microves-
sels of the pulp, lead to vasodilation and increased vas-
cular permeability, which entails an increase in intrapulpal
pressure.

Why does barodentalgia occur? It may be caused by
an increase in intrapulpal pressure, leading to irritation of
nerve endings, since the pulp chamber of the filled tooth
is reduced in volume due to the formed replacement den-
tin [10-11] and constant pressure of the filling material on
the tooth pulp [12-13]. In intact teeth, the volume of the
pulp chamber is of normal size, which does not cause an
increase in intrapulpal pressure. At the stage of energy de-
ficiency in the filled teeth, it is also worth noting the increase
in the concentration of lactic acid in the intercellular space
that contains a large number of nerve endings, which may
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in all likelihood exacerbate the development of baroden-
talgia [14]. Biologically active substances such as brady-
kinin, serotonin, etc. can additionally increase the intensity
of barodentalgia [15].

CONCLUSIONS

1. Following exposure to altered environmental pressure,
there was a statistically significant decrease in mixed blood
saturation in pulp vessels by an average of 33.7%, an in-
crease in the fluorescence intensity of reduced NADH co-
enzymes by 14.4%, and a decrease in the fluorescence
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