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Sourabh Barbhai(> <, Poonam Joshi(), Sanket Aras(, Sakshi Agrawal

Dr. D.Y. Patil Dental College and Hospital, Dr. D.Y. Patil Vidyapeeth, Pimpri, Pune 411018, Maharashtra, India
< sourabhsb96@gmail.com

Abstract

INTRODUCTION. Calcified root canals lead to various complications in endodontic treatment, as they
complicate the locating of canal orifices, negotiating access, preparing the canals, and factoring in the time
required for these procedures. Even with extensive precautions, the most serious problems can occur at any
phase of the root canal treatment process. The pulpal chamber or root canal space is most frequently partially
or completely obliterated in a tooth that has experienced a traumatic injury. A total or partial loss of pulp space
is the most typical radiological representation of such a tooth. Pulp necrosis and radiographic signs of chronic
periapical periodontitis are present in 7-27% of teeth with partial canal calcification. Small percentage of
teeth (2-3%) may exhibit a complete occlusion of the pulp chamber and root canal system.

AIM. To describe the clinical management of a calcified mandibular lateral incisor with a periapical lesion
using a bioactive glass-based sealer.

MATERIALS AND METHODS. A traumatized mandibular lateral incisor with radiographic evidence of canal
calcification and a periapical lesion was identified. The root canal was located, negotiated, and prepared
using standard endodontic techniques with special consideration for calcified anatomy. A recently developed
bioactive glass-based sealer was selected for obturation.

RESULTS. The calcified canal was successfully located and treated. Radiographic follow-up demonstrated
proper canal obturation with resolution of the periapical lesion.

CONCLUSIONS. Bioactive glass-based sealers show promising outcomes in the treatment of calcified root
canals. Their bioactivity and sealing ability may enhance prognosis in complex endodontic cases involving
traumatic canal calcification.
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Pe3iome

BBEAEHUE. KanbundunumpoBaHHble KOPHEBbLIE KaHasbl MPUBOAAT K PAAY OCAOXHEHUA NPU SHAOAOHTUYE-
CKOM JIeYEHUN, TaK Kak 3aTPyOHSAIOT OonNpeaeneHne yCTbeB KaHanoB, MPOXOXAeHe [OCTyna, MPOBEAEHNE UH-
CTpPYMeHTasbHOM 06paboTKK, a TakKe YBENMUYNBAIOT BPEMEHHbIE 3aTpaThl HA BbINOSIHEHWE Npouenyp. daxe
npu cobaloaeHnn Bcex NpefoCTOPOXHOCTEN CEPbe3HbIE OCIOXHEHUS MOFYT BO3HUKHYTb Ha nobom aTtane
JIeYeHNs1 KOPHEBbLIX KaHaNoB. Y 3y00B, NOABEPrLUNXCS TPaBMaTMYeCKOMY BO3AENCTBUIO, MOJIOCTb MyJbMbl
W/ NPOCTPaHCTBO KOPHEBOrO KaHasa 4allie BCero 4acTM4HO MM NONIHOCTbIO 06aMTepmnpoBaHbl. Pagno-
JIOrMYEeCKMM NPOSIBEHNEM JAHHOIO COCTOSIHUS OObLIYHO ABNSETCS NofiHas NMbo YacTuyHasa yTpaTta nynbnap-
HOro NMpocTpaHcTBa. HEKPO3 Mysbhbl U PEHTFEHONOMMYECKNEe NPU3HAKNU XPOHNYECKOrO NepmnanmkanabHOro
NepuoAOHTUTA BbISBNSIOTCSA B 7—-27% CNny4YaeB YaCTUYHOW KanbundurkaLumm kaHanos. Y HebonbLIor 4YacTu 3y-
60B (2—3%) moxeT HabgaTbCA NonHas 06anMTeEpPauVs NyabnapHOM KaMepbl U CUCTEMbI KOPHEBbLIX KAHANOB.

LLENIb. Onucatb KNnHMYeckoe BeaeHne cny4das kanbumduumnpoBaHHOrO HUXHEro natepasibHOro pesua c ne-
puianukanbHbIM NOPaXXeHMeM C UCMOJIb30BAHNEM CuJiepa Ha OCHOBE OMOaKTUBHOIO CTeKNa.
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MATEPUAJbI K METOAbI. Bbin BeISBNEH HUXHWIA naTepasbHbIi pe3el, Nocie TpaBMbl C PEHTIEHONOrMYECKMU
npua3Hakamm kanbuydukaLmm kKaHana n nepmanmkanbHoro nopaxeHus. KopHesor kaHan 6bii1 HAnAEeH, NPonaeH
M NOArOTOBMIEH C NPUMEHEHNEM CTaHOAPTHbLIX SHAOAOHTUYECKUX METOOUK C YHETOM KanbUdUUMPOBaAHHON
aHaTomuun. Ans o6Typaumm Obin BbibpaH HegaBHO pa3paboTaHHbIN cuiep Ha OCHOBE BMOAKTMBHOIO CTeKa.
PE3YJIbTATbI. KanbunduumnpoBaHHbI kKaHan yCneLwHOo 0Kann3oBaH 1 nponeyeH. PeHTreHonornyeckoe Ha-
6noaeHve nokasasno ageksaTHyio 06TypaLmio KaHana u paspeLleHne nepruanmkanbHOro oyara.

BbIBOAbl. Cunepbl Ha 0CHOBE 610aKTUBHOIO CTEKA AEMOHCTPUPYIOT NEPCNEKTUBHBIE PE3YSbTaThl NPY IeYEHUN
KanbuMdULMPOBaHHBIX KOPHEBBIX KaHanoB. Mx G1oakTUBHbIE CBOMCTBA U BbICOKAsi FePMETUYHOCTb MOFYT yyY-
LINTb NPOrHO3 B CNOXHbIX 3HOOAOHTUYECKMX CIy4asx, CBA3aHHbIX C TDaBMaTU4EeCKOM Kanbundurkaumen KaHanos.

Knouesble cnoBa: kanibUuduuupyoLlas Metamopdosa, SHA0A0HTUYECKOE JiedeHne, KalbLunpuLnpoBaH-
Hble KaHaJibl, BoaKTUBHOE CTEKJIO

UHdopmauumsa o ctatbe: noctynuna — 11.07.2025; ucnpasneHa — 14.08.2025; npunsata — 23.08.2025
KoHAUKT uHTepecoB: aBTOPbI cO06Lal0T 06 OTCYTCTBUN KOHGMIMKTA MHTEPECOB.
BnarogapHocTu: GMHAHCMPOBaHNE N MHAMBUAYabHblE 6/1aroaapHOCTY AJA AeKNapupOBaHUs OTCYTCTBYIOT.

Ana yutuposaHua: ap6xarn C., Oxowwn IN., Apac C., Arpasan C. QHOOLOHTUYECKOE fiedeHme Kanbumndmum-
pytoulein MeTamopd0o3bl C NepranmkasnbHbIM NOPaXeHNeM ¢ NPUMeHeHNeM 6M0aKTUBHOIO cTekna (KIMHu4Ye-

ckoe HabnoaeHue). HaoaoHTUs Today. 2025;23(3):502-506. https://doi.org/10.36377/ET-0124

INTRODUCTION

Dental trauma often results in complications like
calcifications and periapical lesions, leading to tooth
discoloration that frequently necessitates root canal
therapy [1]. Root canal treatment is generally carried
out to diminish or entirely eradicate all micro-orga-
nisms and their byproducts from the root canal sys-
tem. Standard debridement, appropriate disinfec-
tion, and full 3D obturation are required to eradicate
all microbes and their waste products from the root
canal system. However, attaining the intended results
becomes very difficult if the canal is small, blocked,
or packed with any biological calcific substance or
foreign particles. This makes it challenging in location
of canal orifice and making entry into the root canal
system. Calcific metamorphosis, Pulp Canal Oblitera-
tion, Dystrophic Calcification, Diffuse Calcification,
and Calcific Degeneration are the names given to this
condition.

Dental pulp tissues frequently exhibit characteris-
tics of dystrophic mineralization or calcific metamor-
phosis. According to American Association of En-
dodontists [2] Calcific Metamorphosis is defined as
“A pulpal response to trauma characterized by rapid
deposition of hard tissue within the canal space”.

Patterson and Mitchell suggested that if such teeth
are clinically identified, either endodontic treatment
or extraction should be performed. It was suggested
that the pulp tissue affected by such conditions could
act as a source of infection and should therefore be
removed or treated [3]. When performing endodontic
therapy in calcified canals, operators or physicians
face a number of difficulties. Recent developments in
endodontic equipment, like as high-resolution mag-
nification, flexible rotary files, and high-quality ima-
ging, make it easier to precisely and quickly negotiate
and handle calcified canals while reducing procedural
errors.

In order to help doctors better understand this dif-
ficult clinical disease, this case report examines the
causes, diagnosis, and available treatments for calci-
fied canals.

CASE REPORT

A24yearold woman visited the department with
discolored lower front teeth and a history of trauma
that occurred 10 years earlier. She had been expe-
riencing pain in the same tooth for the past two weeks.
No abnormalities were observed during the extraoral
examination; however, the intraoral examination re-
vealed discoloration of the mandibular lateral incisor.
The tooth was tender on percussion. Clinical and ra-
diographic evaluation revealed canal obliteration in
coronal 1/3" of root and a periapical lesion associated
with 42. Thermal test exhibited no response, signifying
the need for root canal treatment (Fig. 1).

The case was diagnosed as calcification with
a chronic apical abscess secondary to trauma con-
cerning tooth 42, based on historical, clinical, and ra-
diological findings.

A root canal procedure was planned using con-
ventional techniques to address calcified canals and
a periapical lesion.

Fig. 1. Pre-operative Radiograph
Puc. 1. lNpenonepaunoHHbIi PEHTIEHOBCKMIA CHUMOK
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TREATMENT PROCEDURE

With the patient’s written consent obtained, the entire
treatment procedure was thoroughly explained to them.
The potential advantages and disadvantages were also
explained to the patient. The preoperative evaluation
was carried out through meticulous examination of the
preoperative radiograph. Administration of L.A (with 2%
Lignocaine hydrochloride, 1:1,00,000 Adr) was done and
tooth was isolated using rubber dam (Coltene). Under
magnification, preparation of straight-line access cavity
was done for the concerned tooth with the high speed
no 4round bur (Mani). Troughing done using ultrasonic
tips (Dentsply start-X Tips EMS# 1&3) and Endodontic
Explorer DG 16 was used to cautiously inspect the canal
orifice and find a catch point in the middle of the tooth
where a small blackish discoloration point was observed.

The line of patency of canal negotiated with the help
of no 8-k file (Dentsply-Maillefer) (Fig. 2). 17% EDTA
(RC Help,Prime Dental) was used to demineralise the
restricted hard tissues along the canal. No 10 kfile was
used to obtain the glide route (Dentsply). Using an apex
locator (Root ZX, J. Morita), the working length was de-
termined and verified radiographically.

Multiple files were used to rule out any missed ca-
nal (Fig. 3). Once the working length was established,
canals were prepared using a standardized method up
to the 25/04 (Herogold) file.Canals were irrigated with
3% NaOCI ((Prime dental) for 5-10 minutes during each
instrument change, after which normal saline was used.
Irrigant was activated ultrasonically (Fig. 4). Glass iono-
mer cement was used to seal the orifices of root canal
after Ca(OH), was combined with equal parts of glycerin
and distilled water and left for seven days.

A week later, patient was recalled and intracanal
medicament of calcium hydroxide was placed after ir-
rigation and drying of the canals. Similar protocol was
repeated for 2 weeks.

The canal was cleaned and dried during the next visit,
and a master cone that matched ISO #25 4% size was cho-
sen. Bioactive glass-based root canal sealer (NISHIKA

: e
Fig. 2. Location of canal using
ultrasonics and magnification

Puc. 2. OnpegeneHuve kaHana
C UCNOJIb30BaHUEM Y/bTPa3ByKa
N yBENMYEHUS

dHdodoHmus
T

Fig. 3. Canal negotiation and
working length determination

Puc. 3. lNpoxoxaeHune kaHana
1 onpeneneHue paboyer oavHbl

CANAL SEALER BG) was used for obturation (Fig. 5).
Permanent restoration was done using composite re-
storative material. After treatment, the patient exhibited
no subjective or objective signs and symptoms. Patient
was advised to follow up at 1, 6, and 24 months (Fig. 6).

DISCUSSION

Trauma to maxillary anterior teeth, resulting in tooth
discoloration is a common occurrence that often leads
to pulpal necrosis and potential calcification [4]. Acom-
prehensive clinical and radiographic evaluation is ne-
cessary for an accurate diagnosis.

Assessing the vitality status of the tooth using ther-
mal tests is crucially important in these cases [5]. The
actual pathophysiology of calcification of pulp tissue is
not known yet. Several researchers claim that formation
of blood clot due to bleeding or hemorrhage from a trau-
matic injury might play key role for calcification, if pulp re-
mains vital or recovers after the trauma [6]. Furthermore,
important variables in the calcification of pulp tissue
include the nature, severity, frequency, and amount of
trauma. The cellular constituents of pulp substances play
a critical role in the calcification of pulp tissue, which may
impact blood flow to the pulp. In general, around 4-24%
of the teeth radiologically show different degrees of cal-
cification which leads to gradual loss of pulp space and
clinically characterized as yellowish discoloration [7].
According to the American Association of Endodontists
Case Assessment criteria, these teeth requiring endo-
dontic are considered as high difficulty category.[8].
The Dental Operating Microscope offers superb magni-
fication, leading to the accurate identification of orifices
in cases of calcification.

In a tooth with calcific metamorphosis the pulp cham-
ber becomes darker than that of the rest root dentine as
compared to normal tooth where pulp chamber is loca-
ted near the Cemento enamel junction at the center [9].

For deep troughing, which is occasionally required
to locate canals, specialized tools are recommended,
such as the Mueller bur and ultrasonic tips.

e,
Fig. 4. Ultrasonic activation
of irrigant
Puc. 4. YnsTpassykoBas
aKkTUBaUMSa nppuraHTa
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Fig. 5. Post operative, obturation using
bioactive glass-based sealer followed
by composite restoration

Puc. 5. lNocneonepauvioHHbI CHUMOK:
06Typaums ¢ UCrnonb30BaHUEM

cunepa Ha oCHoBe 6LMOaKTUBHOMO
cTekna ¢ nocneayoLlen KOMnoO3nTHOM
pecTtaBpaumnen

CM can be radiographically divided into two groups:
Total Obliteration, in which the pulp chamber and ca-
nal are hardly or not visible, and Partial Obliteration, in
which the pulp chamber is not visible but the canal is
narrowed and still visible.

Various types of “pathfinding” instruments have
recently been introduced in root canal treatment to
achieve this goal. These pathfinders or glide path in-
struments have unique feature that all the instruments
possess a quadrangular cross-section, which has sig-
nificantly enhanced the rigidity of the files compared to
that of finishing files [10]. Furthermore, different chelat-
ing chemicals at varying concentrations — for example,
17% EDTA - can be used as lubricants or to facilitate
instrumentation after root canal negotiation.

The use of “bioactive” materials in restorative and
reconstructive dentistry is a topic of great interest
nowadays. Within the field of regenerative dentistry, the
term “bioactive” typically denotes a material’'s capa-
city to generate hydroxyapatite crystals on its surface.
From a biological standpoint, bioactive substances are
regarded as agents that have the potential to positive-
ly interact with living cells and tissues [11]. Recently,
a more reactive form of calcium-silicate-based bioac-
tive glass, referred to as “bioactive root canal sealers”,
and calcium-silicate-based sealers have been deve-
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Fig. 6. Follow up at 6 months (A) and 2-year (B)
Puc. 6. KoHTponbHbIN 0CMOTP Yepes 6 mecsiues (A) u 2 ropa (B)

loped [12]. While bioactive glass (BG) has traditionally
been employed for regenerating dental hard tissues,
it has shown recent potential in treating diverse com-
plex tissues [11]. Specifically, calcium and silicate ions,
pivotal in biological processes, exhibit the capability to
expedite both osteoinduction and angiogenesis, crucial
for supporting periapical healing [13].

Schindler & Gullickson concluded that when accep-
table cleaning and shaping cannot be achieved through
conventional endodontic treatment, periapical surgery
involving root-end resection and retrograde filling must
be done [14]. It is widely recognized that endodontic mi-
crosurgery offers a direct approach to the root apex and
serves as an alternative treatment for calcified canals
when conventional root canal treatment fails.

CONCLUSION

The case study demonstrated that effective periapi-
cal healing of a big lesion can be achieved non-surgi-
cally with careful debridement, disinfection, and three-
dimensional obturation of the root canal system. It has
been shown that bioactive glass may regenerate hard
tissue, which helps periapical lesions recover. For big
preapical lesions, a non-surgical method that uses mag-
nification, ultrasonics, and novel bioactive materials can
avoid the need for invasive procedures like surgery.

2. EleazerP.D., Glickman G.N., McClanahan S.B.,Webb T.D.,
Justman B.C. Glossary of Endodontic Terms. 8" ed. 2012.
51 p. Available at: https://kuwaitendogeek.wordpress.
com/wp-content/uploads/2013/06/glossary-endo-aae.
pdf (accessed: 27.05.2025).

Tom 23 N2 3/ 2025 ‘ Endodontl.cs


https://doi.org/10.1111/adj.12989
https://doi.org/10.1111/adj.12989
ttps://kuwaitendogeek.wordpress.com/wp-content/uploads/2013/06/glossary-endo-aae.pdf
ttps://kuwaitendogeek.wordpress.com/wp-content/uploads/2013/06/glossary-endo-aae.pdf
ttps://kuwaitendogeek.wordpress.com/wp-content/uploads/2013/06/glossary-endo-aae.pdf

506

3. Patterson S.S., Mitchell D.F. Calcific metamorphosis tion using contemporary endodontic techniques: Case
of the dental pulp. Oral Surg Oral Med Oral Pathol. series. Dent. Press Endod. 2012;2:52-58.
1965;20(1):94-101.  https://doi.org/10.1016/0030- 9. Krasner P., Rankow H.J. Anatomy of the pulp-cham-
4220(65)90272-0 ber floor. J Endod. 2004;30(1):5-16. https:/doi.

4. KrastlG.,Weiger R., Filippi A., VanWaes H., EbelesederK., org/10.1097/00004770-200401000-00002
Ree M. et al. Endodontic management of traumatized 10, Allen M.J., Glickman G.N., Griggs J.A. Comparative analysis
permanent teeth: a comprehensive review. Int Endod J. of endodontic pathfinders. J Endod. 2007;33(6):723-726.
2021;54(8):1221-1245. https://doi.org/10.1111/iej.13508 https://doi.org/10.1016/j.joen.2007.02.001

5. Patro S., Meto A., Mohanty A., Chopra V., Miglani S., 11, Barbhai S., SR S., Shetty R., Joshi P., Mehta V., Meto A.
Das A. et al. Diagnostic accuracy of pulp vitality tests Assessing dentinal tubule penetration of an innovative
and pulp sensibility tests for assessing pulpal health in bioactive glass-based root canal sealer through confo-
permanentteeth: Asystematic review and meta-analysis. cal laser scanning microscopy: an in vitro analysis. Gior-
Int J Environ Res Public Health. 2022;19(15):9599. nale Italiano Di Endodonzia. 2024;38(2).
https://10.3390/ijerph19159599 12. Estivalet M.S., de Aradjo L.P., Immich F., da Silva A.F., Fer-

6. LuukkoK., KettunenP,, Fristadl., BerggreenE. Chapter 12— reiraN.S., da RosaW.L.O., Piva E. Bioactivity potential of bi-
Structure and Functions of the Dentin-Pulp Complex. In: oceramic-based root canal sealers: A scoping review. Life.
Hargreaves K.M., Cohen S. (eds). Cohen’s Pathways of the 2022;12(11):1853. https://doi.org/10.3390/life12111853

Pulp. 10" ed. St. Elsevier Inc.; 2011, pp. 452-503. https// 43 primus C.M., Tay F.R., Niu L.N. Bioactive tri/dicalcium

don.org/10.1016/8978-0-323-06489-7..0.0012-6 _ silicate cements for treatment of pulpal and periapical
7. Holcomb J.B., Gregory W.B. Jr. Calcific metamorphosis tissues. Acta Biomater. 2019;96:35-54. https://doi.

of the pulp: its incidence and treatment. Oral Surg Oral org/10.1016/j.actbio.2019.05.050

Med Oral Pathol. 1967,24(6):825-830. https://doi. 14 gchindler W.G., Gullickson D.C. Rationale for the

org/10.1016/0030-4220(67)90521-x management of calcific metamorphosis secondary to
8. Tavares W.L., Lopes R.C., Menezes G.B., Henriques L., traumatic injuries. J Endod. 1988;14(8):408-412. https://
Ribeiro A. Non-surgical treatment of pulp canal oblitera- doi.org/10.1016/S0099-2399(88)80126-2

INFORMATION ABOUT THE AUTHORS

Sourabh Barbhai — M.D.S., Assistant Professor, Department of Conservative Dentistry and Endodontics, Dr. D.Y. Patil Dental
College and Hospital, Dr. D.Y. Patil Vidyapeeth, Pimpri, Pune 411018, Maharashtra, India; https://orcid.org/0000-0001-7264-6538

Poonam Joshi — M.D.S., Assistant Professor and Fellowship Coordinator, Department of Conservative Dentistry and
Endodontics, Dr. D.Y. Patil Dental College and Hospital, Dr. D.Y. Patil Vidyapeeth, Pimpri, Pune 411018, Maharashtra, India;
https://orcid.org/0000-0003-2699-4771

Sanket Aras — M.D.S,, Assistant Professor, Department of Conservative Dentistry and Endodontics, Dr. D.Y. Patil Dental Col-
lege and Hospital, Dr. D.. Patil Vidyapeeth, Pimpri, Pune 411018, Maharashtra, India; https://orcid.org/0000-0001-8292-4036

Sakshi Agrawal - Final Year Postgraduate Student, Department of Conservative Dentistry and Endodontics, Dr. D.Y. Patil
Dental College and Hospital, Dr. D.Y. Patil Vidyapeeth, Pimpri, Pune 411018, Maharashtra, India; https://orcid.org/0009-
0008-3542-3536

WHOOPMALIUA OB ABTOPAX

Cypabx Bap06xai — MmarmcTp ctToMaTosIormM4eckon Xnpypruuv, acCMcTeHT-npodeccop, kadbeapa tepaneBTUYECKON cToMa-
TONOrMn N dHAOA0HTUM, CTOMaToNorMYeckuin konneax n rocnutane um. .10. Matnna, YHusepcutet AO.10. Matuna, Mum-
npw, MNMyHa 411018, MaxapawTpa, NHans; https://orcid.org/0000-0001-7264-6538

Mynaam [xown — MarucTp CTOMaToI0rM4eCcKom XMpyprmm, acCUCTeHT-Npodeccop, KOOPANHATOP NPOrpamMm NoBbILLe-
HUA KBanudukaumn, kadbeapa TepaneBTUYECKONW CTOMATONOMMN N 3HAOAOHTUM, CTOMATONOrMYECKUIA KONNEAX U rocnn-
Tanb um. A.10. NMatuna, Yumneepcutet A.10. MaTtuna, NMumnpu, NMyHa 411018, MaxapawTtpa, UHauns; https://orcid.org/0000-
0003-2699-4771

CaHkeT Apac — MarmcTp CToMaTosIorM4eckon XMpyprum, accmcteHT-npodeccop, kadenpa TepaneBTUHECKON CTOMATO-
NOrnn 1 9HA0[0HTUK, CTOMATONOrMYEeCKMin Konnepx n rocnutans um. O.10. NMaTtuna, YHueepcuteT A.10. MaTtuna,, Numnpn,
MyHa 411018, MaxapawTpa, MHans; https://orcid.org/0000-0001-8292-4036

Cakwum ArpaBan — opamHaTop nocnegHero roga obyyeHus, kadbeapa TepaneBTUYECKON CTOMATOIOMMN N SHAOLOHTUN,
Crtomartonorunyeckuin konnegx n rocnutans nm. .10. Matuna, Yumeepcutet [.10. NaTtuna, Numnpu, MNyHa 411018, Maxa-
pawTpa, Hauns; https://orcid.org/0009-0008-3542-3536

AUTHOR’S CONTRIBUTION

All the authors made equal contributions to the publication preparation in terms of the idea and design of the article; data
collection; critical revision of the article in terms of significant intellectual content and final approval of the version of the
article for publication.

BKJA ABTOPOB

Bce aBTOpbLI BHECNM paBHOLIEHHbIM BK1a, B OArOTOBKY NyGankaumum B 4acTy 3aMblciia U au3aiiHa nccnenosaHus; cbopa faH-
HbIX; KPUTMYECKOrO NepecMOoTpa CTaTbl B 4HACTM 3HAYMMOIO MHTENIEKTYaNIbHOMO COAEPXaHMS 1 OKOHYaTeNbHOro 00006peHus
BapuaHTa cTatby Ans onybaMKoBaHus.

9Hdodornmus Volume 23, no. 3/ 2025


https://doi.org/10.1016/0030-4220(65)90272-0
https://doi.org/10.1016/0030-4220(65)90272-0
https://doi.org/10.1111/iej.13508
https://10.3390/ijerph19159599
https://doi.org/10.1016/B978-0-323-06489-7.00012-6
https://doi.org/10.1016/B978-0-323-06489-7.00012-6
https://doi.org/10.1016/0030-4220(67)90521-x
https://doi.org/10.1016/0030-4220(67)90521-x
https://doi.org/10.1097/00004770-200401000-00002
https://doi.org/10.1097/00004770-200401000-00002
https://doi.org/10.1016/j.joen.2007.02.001
https://doi.org/10.3390/life12111853
https://doi.org/10.1016/j.actbio.2019.05.050
https://doi.org/10.1016/j.actbio.2019.05.050
https://doi.org/10.1016/S0099-2399(88)80126-2
https://doi.org/10.1016/S0099-2399(88)80126-2
https://orcid.org/0000-0001-7264-6538
https://orcid.org/0000-0003-2699-4771
https://orcid.org/0009-0008-3542-3536
https://orcid.org/0009-0008-3542-3536
https://orcid.org/0000-0001-7264-6538
https://orcid.org/0000-0003-2699-4771
https://orcid.org/0000-0003-2699-4771
https://orcid.org/0000-0001-8292-4036
https://orcid.org/0009-0008-3542-3536

