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K CBEAEHHUIO ABTOPOB!
[Ipu HampaBIEeHUY CTAaTbH B PEAAKITUIO HEOOXOIUMO COOIONATh CISAYIONINE TIPABHIIIA;

1. CraTps nomkHa OBITH IPEJCTaBICHA B IBYX SK3EMIUIIPAX, HA PYCCKOM HMJIM aHTITUHACKOM SI3bI-
Kax, HaTrleyaTaHHas yepe3 MoJITopa HHTepBaJjia Ha OIHOI CTOPOHE CTAHIAPTHOIO JIUCTA € INMPHHOI
JIEBOTO NOJIsI B TPHM caHTHMeTpa. Mcnonb3yemblil KOMIIBIOTEPHBII WPUQT U1 TEKCTa Ha PYCCKOM U
aHnuickoM s3bikax - Times New Roman (Kupuiuna), 115 TeKcTa Ha TPy3UHCKOM S3BIKE CIIEAYeT
ucnoip3oBath AcadNusx. Pasmep mpudra - 12. K pykonrcu, HaneyaTaHHOW Ha KOMITBIOTEPE, JTODKEH
o5ITh IprtoskeH CD co crarbeit.

2. Pa3Mep craTbu TOTKEH OBITH HE MEHEe NeCsTH 1 He OoJiee 1BaALATH CTPAHUI] MAITHOIINCH,
BKJIIOYAsl yKa3areJlb JINTepaTypsl U Pe3loMe Ha aHIJIMIICKOM, PYCCKOM U IPYy3HHCKOM SI3bIKaX.

3. B crarbe 10KHBI OBITH OCBEIICHBI AKTyaIbHOCTh JAHHOTO MaTepHalla, METOIBI U PE3YIIbTaThI
UCCIIeIOBaHUs U X 00CYyKACHHE.

[Ipu npencTaBiIeHNHN B IIeYaTh HAYYHBIX SKCIIEPUMEHTAIBHBIX PA0OT aBTOPHI JOJIKHBI YKa3bIBATH
BHUJl U KOJMYECTBO SKCIIEPUMEHTANBHBIX KUBOTHBIX, IPUMEHSBIINECS METOABl 00e300MMBaHUS U
YCBHIJICHHUS (B XOJI€ OCTPBIX OIIBITOB).

4. K crarbe JOIKHBI OBITH MIPUIIOMKEHBI KpaTKoe (Ha MOJICTPAaHUIIBI) Pe3OMe Ha aHIIIUICKOM,
PYCCKOM M IT'PY3HHCKOM $I3bIKax (BK/IIOYAIOLIEE CIELYOLINE pa3aesbl: Liedb UCCIeI0BaHNs, MaTepHual U
METOJIBI, PE3YJILTATHI M 3aKIIFOUSHHE) U CIIUCOK KITtoueBBIX cioB (key words).

5. Tabnunp! HEOOXOIUMO NPENCTABIATE B Ie4aTHOH hopme. DoTokonuu He npuHUMaroTcs. Bee
nu¢poBbie, HTOTOBbIE H NPOLIEHTHbIE JaHHbIE B Ta0JIMIaX J0JIKHbI COOTBETCTBOBATH TAKOBBIM B
TeKcTe cTaThbU. Tabiuibl U rpaduKu TOJKHBI OBITH 03aryIaBIICHBI.

6. dotorpadun AOIKHBI OBITH KOHTPACTHBIMHU, (POTOKOIHHU C PEHTTEHOTPAMM - B IO3UTUBHOM
n300paxeHuH. PUCYyHKH, yepTeXu U IuarpaMmbl clIeoyeT 03ariaBUTh, IPOHYMEPOBATh U BCTABUTH B
COOTBeTCTBYIOIIEe MecTo TekcTa B tiff opmare.

B noanucsix k MukpogotorpadgusaM cieayeT yKa3plBaTh CTEICHb yBEIMUCHUS Yepe3 OKYISP HITH
00BEKTUB U METOJ] OKPACKU WJIM UMIIPETHALIMH CPE30B.

7. ®aMUIUU OTEYECTBEHHBIX aBTOPOB MIPUBOJAATCS B OPUTHHAIBHON TPAHCKPUIILIUH.

8. I[Ipu opopmnennu u HampaBneHun crared B xypHanm MHI mpocum aBTOpOB cobmronars
NpaBUIIa, U3JI0KEHHBIE B « EMUHBIX TpeOOBaHUSIX K PYKOMHUCSM, IPEACTABISIEMBIM B OMOMEIUIIMHCKHUE
JKypHAJIbD», TPUHATHIX MeXIyHapOAHBIM KOMHUTETOM PEIAaKTOPOB MEAMLMHCKUX KYpHAJIOB -
http://www.spinesurgery.ru/files/publish.pdf u http://www.nlm.nih.gov/bsd/uniform_requirements.html
B koHIIe Kax 101 OPUTHHATIBHOM CTaThU MPUBOAUTCA OnOIHOrpadguyeckuii cnucok. B cnmncok nurepa-
TYPBI BKJIFOYAIOTCSl BCE MaTepHalibl, HA KOTOPBbIE UMEIOTCS CCBUIKU B TeKcTe. CIHUCOK COCTaBIAETCs B
andaBUTHOM MOpsAKe U HymMepyeTcs. JIutepaTypHblii HCTOYHMK NPUBOAUTCS Ha sI3bIKE OpUrMHaia. B
CIMCKE JINTEPATyPhl CHavYajia IPUBOIATCS PabOThI, HAMCAHHBIE 3HAKaMU TPY3MHCKOTO andaBuTa, 3aTeM
Kupwuien u naruHuneidl. CChUIKM Ha IUTHUPYEMble pabOThl B TEKCTE CTAaTbH JAIOTCS B KBaIpPaTHBIX
CKOOKax B BUJI€ HOMEPA, COOTBETCTBYIOLIETO HOMEPY JaHHOH pabOoThI B CIIMCKE TUTEPaTypbl. bonbmmH-
CTBO IIUTHPOBAHHBIX UCTOYHUKOB JOJKHBI OBITH 3a IMOCTIEAHNUE S5-7 JIET.

9. ns momydeHus MpaBa Ha MyONMKAIMIO CTaThs OJDKHA MMETh OT PYKOBOIUTENSI pabOTHI
WIN YUPEXKJCHUS BU3Y U CONPOBOIUTEIHHOE OTHOLLICHNUE, HAIMCAHHBIC WJIM HAlledaTaHHbIE Ha OJIaHKe
Y 3aBEPEHHBIE MOJIHCHIO U NIEYATHIO.

10. B koHIe cTaThU NOJKHBI OBITH MOAMHCH BCEX aBTOPOB, MOJHOCTBHIO MPUBEAEHBI UX
(amMuInM, UIMEHa U OTYECTBA, YKa3aHbl CIIy>KeOHBIN M AOMAIIHUI HOMEpa TeJIe(OHOB U agpeca MM
uHble koopAuHaThl. KomuuecTBo aBTOPOB (COABTOPOB) HE NOHKHO MPEBBIMIATH IISATH YEJIOBEK.

11. Penakuus ocraBisiet 3a cO00i MpaBo COKpaIaTh ¥ HCIPaBIATh cTarhi. Koppekrypa aBropam
HE BBICBUIAETCS, BCS paboTa U CBEpKa IPOBOAUTCS 110 aBTOPCKOMY OPHTHHAILY.

12. HemomycTuMoO HampaBiieHHE B pelaklMIo padoT, MpeICTaBICHHBIX K MeYaTH B MHBIX
M3/1aTeNbCTBAX WIIM OMYOJIMKOBAHHBIX B APYTHX U3JAHUSX.

Hpﬂ HApYHNIEHUH YKa3aHHBIX IPABUJI CTATbU HE PAaCCMAaTPUBAIOTCH.
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1. Articles must be provided with a double copy, in English or Russian languages and typed or
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7. Please indicate last names, first and middle initials of the native authors, present names and initials
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8. Please follow guidance offered to authors by The International Committee of Medical Journal
Editors guidance in its Uniform Requirements for Manuscripts Submitted to Biomedical Journals publica-
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9. To obtain the rights of publication articles must be accompanied by a visa from the project in-
structor or the establishment, where the work has been performed, and a reference letter, both written or
typed on a special signed form, certified by a stamp or a seal.

10. Articles must be signed by all of the authors at the end, and they must be provided with a list of full
names, office and home phone numbers and addresses or other non-office locations where the authors could be
reached. The number of the authors (co-authors) must not exceed the limit of 5 people.

11. Editorial Staff reserves the rights to cut down in size and correct the articles. Proof-sheets are
not sent out to the authors. The entire editorial and collation work is performed according to the author’s
original text.

12. Sending in the works that have already been assigned to the press by other Editorial Staffs or
have been printed by other publishers is not permissible.

Articles that Fail to Meet the Aforementioned
Requirements are not Assigned to be Reviewed.
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Abstract.

Background: Chronic periapical lesions are inflammatory
conditions that cause ongoing destruction of the alveolar bone.
While microbial infection is known to be the initial cause,
the complex interplay between the types of microbes present,
immune responses, factors affecting the whole body, and bone
remodeling processes is not yet fully understood.

Objectives: This narrative review summarizes current
evidence on how bone metabolism changes in chronic periapical
lesions. It also examines the roles of inflammatory mediators,
osteoimmune pathways, systemic factors, and imaging
techniques in understanding how the disease progresses and
how well it can heal.

Methods: A narrative search was performed across electronic
databases, including PubMed, Scopus, and Web of Science, for
relevant studies. These studies investigated chronic periapical
lesions, bone metabolism markers, inflammatory pathways,
vitamin D levels, systemic factors, and imaging assessments.
We analyzed evidence concerning biomarkers of bone formation
and resorption, osteoclast activation, and bone remodeling
mechanisms.

Results: Current evidence shows that biofilms in root canals
trigger the release of pro-inflammatory substances. This leads
to higher levels of RANKL and lower levels of osteoprotegerin
(OPG), which encourages the development of osteoclasts and
the breakdown of bone matrix. Markers of bone resorption, such
as CTX and TRACPSb, are frequently reported as elevated,
while markers of bone formation, including BALP, osteocalcin,
and PINP, show variable or minor changes. Systemic factors
like vitamin D deficiency, diabetes, smoking, and alcohol
consumption are observationally associated with impaired
healing. Cone-beam computed tomography (CBCT) offers a
better volumetric assessment compared to traditional X-rays.

Conclusions: Chronic periapical lesions are characterized by a
complex osteoimmune imbalance. While integrating biomarkers
with advanced imaging represents a promising research avenue,
further validation is required before these strategies can be
implemented in routine clinical practice.

Key words. Chronic apical periodontitis, periapical lesions,
bone metabolism, osteoimmunology, RANKL/OPG pathway,
vitamin D, biomarkers, CBCT.
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Introduction.

Periapical lesions comprise a spectrum of acute and chronic
inflammatory pathologies of endodontic origin that develop
around the tooth apex and may result in resorption and destruction
of the surrounding alveolar bone [1]. Microbial infection of
the root canal system plays a central role in the initiation and
progression of apical periodontitis, with microorganisms and
their products contributing to inflammatory responses in the
periapical tissues and subsequent periapical bone destruction
[1,2]. Within this pathological spectrum, apical periodontitis
is a highly prevalent disease worldwide, with systematic
review and meta-analysis data demonstrating a substantial
prevalence across diverse adult populations [2]. Persistent
periapical inflammation may contribute to the development
of periapical cysts, which are associated with the proliferation
of epithelial cell rests of Malassez in the context of chronic
inflammatory stimulation [1,3]. Histologically, periapical cysts
are characterized by a fibrous connective tissue wall lined by
non-keratinized stratified squamous epithelium and may contain
cholesterol clefts. Their detection and radiographic assessment
can be supported by conventional periapical radiography
and cone-beam computed tomography (CBCT), with CBCT
demonstrating greater sensitivity for the detection of periapical
lesions than conventional periapical radiography in certain
clinical settings [4,5].

The biological repercussions of chronic periapical infections
may extend beyond local tissue boundaries, with observational
studies highlighting potential links to systemic inflammatory
responses [6]. Epidemiological and integrative data suggest an
observational association between untreated apical periodontitis
and cardiovascular parameters, such as endothelial markers [6].
This systemic burden is characterized by a continuous spillover
of pro-inflammatory mediators and bacterial byproducts into
the bloodstream, which may contribute to systemic endothelial
stress [6,7]. A primary molecular mechanism driving this
link is oxidative stress; severe periapical inflammation
induces both local and systemic oxidative stress through the
excessive production of reactive oxygen species (ROS) and
lipid peroxidation, which is biologically linked to vascular
health [7,8]. Consequently, clinical evidence demonstrates
that non-surgical endodontic therapy can modify these serum
inflammatory markers, decreasing peripheral biomarkers,
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though these changes primarily reflect localized inflammatory
reduction rather than definitive cardiovascular disease prevention
[7,9]. The systemic modulation of periapical and periodontal
health is further influenced by metabolic diseases and lifestyle-
related factors, which may affect host responses, inflammation,
and bone metabolism. Clinical and epidemiological evidence
indicates an association between diabetes mellitus and an
increased prevalence of radiolucent periapical lesions in root-
filled teeth [10]. This association may be related, at least in
part, to diabetes-associated alterations in immune responses,
inflammation, and tissue repair [10]. In addition to systemic
metabolic diseases, lifestyle factors such as tobacco smoking
may exert additional inflammatory and toxicological stress.
In an experimental animal model, chronic cigarette smoke
inhalation enhanced periapical bone resorption associated with
apical periodontitis, potentially through increased inflammatory
responses and osteoclast-mediated bone resorption [I11].
Furthermore, endocrine dysfunctions, including alterations in
thyroid function, have been associated with periodontal health
outcomes, providing indirect biological insights regarding
alveolar bone dynamics [12].

Finally, broader evidence from umbrella and systematic reviews
indicates potential associations between apical periodontitis
and a range of chronic systemic diseases, with inflammatory
pathways representing a possible common biological link
between local oral infection and systemic health [13,14].

At the intersection of systemic bone metabolism and chronic
oral inflammation, vitamin D status emerges as an important
factor influencing skeletal health and inflammatory responses.
Vitamin D plays an important role in maintaining bone health and
may contribute to the regulation of immune and inflammatory
processes; accordingly, lower serum vitamin D levels have been
associated with chronic inflammatory periodontal conditions
and impaired skeletal health [15,16].

When a vitamin D deficiency occurs, it frequently triggers
secondary hyperparathyroidism, where elevated levels of
parathyroid hormone (PTH) serve as a clinical marker of bone
fragility, significantly accelerating alveolar bone resorption
and tissue destruction within periodontitis and endodontic
pathologies [17,18]. Vitamin D status and its supplementation
dynamically modulate systemic serum levels of bone turnover
markers and bone remodeling responses in humans [19]. Because
of these tight biological links, ensuring adequate vitamin D
status may support bone metabolism and healing responses,
and clinical observations suggest that vitamin D optimization
may be associated with improved healing of periapical lesions
following endodontic treatment [20]. Although clinical data
specifically targeting endodontic lesions remain evolving,
observational evidence extrapolated from periodontal surgical
outcomes suggests that baseline vitamin D status may influence
postoperative bone recovery dynamics [21]. Conversely,
when biochemical markers such as osteocalcin, CTX-1,
and bone alkaline phosphatase are altered due to metabolic
deficiencies, patients present with lower bone mineral density
and a substantially increased risk of persistent periapical lesions
[3,22].

Historically, periapical lesions have been evaluated using
conventional two-dimensional radiographs; however, modern
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cone-beam computed tomography (CBCT) provides significantly
higher prospective accuracy and sensitivity in detecting early
cortical bone loss and tracking the true dimensional extent of
periapical paths [5,23]. Alongside advanced imaging, assessing
localized structural alterations in the alveolar bone relies on
detecting specific biochemical profiles; tissue-specific bone
resorption biomarkers and altered levels of salivary or serum
mineral components (partly extrapolated from periodontal
models) are associated with lesion dynamics [24,25].
Furthermore, recent scientific mapping confirms that untreated
odontogenic infections can quickly expand into extensive fascial
spaces if local microbial loads are not completely eradicated
[26]. To improve treatment outcomes and maximize root canal
disinfection favoring periapical bone recovery, modern clinical
research is exploring adjunctive therapies; for instance, using a
diode laser alongside conventional irrigation has demonstrated
high efficacy in eliminating persistent intracanal biofilms and
supporting healing rates in chronic apical periodontitis [27].
This narrative review aimed to synthesize current evidence
on the biological mechanisms underlying bone remodeling
and osteoimmune dysregulation in chronic periapical
lesions. Specifically, this review aimed to examine the role
of inflammatory mediators and the RANKL/OPG pathway in
periapical bone resorption; evaluate the clinical importance
of biomarkers that indicate bone formation and resorption;
assess how systemic factors influence endocrine, metabolic,
and lifestyle-related factors, such as vitamin D status, diabetes,
smoking, and alcohol consumption, on disease progression
and healing; and explore how advanced imaging techniques,
especially cone-beam computed tomography (CBCT), might be
used to monitor changes in periapical bone and assess treatment
results. By combining these biological, systemic, and diagnostic
viewpoints, this review also aimed to pinpoint current gaps in
knowledge and highlight new possibilities for using biomarkers
and personalized strategies to manage chronic periapical lesions.

Methods.

To ensure comprehensive narrative synthesis of the literature
for this narrative review, a structured literature search was
conducted across major electronic databases, including
PubMed/MEDLINE, Scopus, and Web of Science up to January
2026. The search strategy was designed to identify peer-
reviewed literature addressing the intersection of endodontic
pathology, bone metabolism, osteoimmune mechanisms,
bone turnover biomarkers, systemic modifying factors, and
advanced diagnostic imaging. As this is a narrative review, the
methodology focuses on providing a comprehensive overview
rather than adhering to formal PRISMA systematic review
protocols.

The search strategy combined Medical Subject Headings
(MeSH) terms and free-text keywords, where applicable, using
the Boolean operators AND and OR. The core search concepts
included combinations of the following terms: ("chronic apical
periodontitis" OR "periapical lesions" OR "radicular cyst") AND
("bone metabolism" OR "osteoimmunology" OR "RANKL/
OPG") AND ("vitamin D" OR "biomarkers" OR "bone turnover
markers") AND ("cone-beam computed tomography" OR
"CBCT").The electronic search was supplemented by manual



screening of the reference lists of relevant retrieved articles
and reviews to identify additional relevant studies that might
have been omitted during the initial database search. No strict
publication-year restriction was applied in order to provide an
appropriate historical context for the development of the field;
however, particular emphasis was placed on recent and high-
impact literature, especially studies published during the past
two decades. Titles and abstracts were independently screened
by two authors, followed, where appropriate, by assessment
of the full texts against the predefined eligibility criteria. Any
disagreements regarding study relevance or eligibility were
resolved through discussion and consensus between the two
authors.

Inclusion and Exclusion Criteria.

Appropriate eligibility criteria were established to maintain
the scientific relevance of the synthesized evidence.

Inclusion Criteria: The scope was limited to peer-reviewed
primary research articles, randomized and non-randomized
clinical trials, cohort studies, case-control studies, cross-
sectional observational studies, and relevant systematic reviews.
Eligible studies had to investigate the molecular mechanisms
of periapical bone destruction, local and systemic biomarkers
of bone turnover, or the clinical utility of advanced imaging
modalities (specifically CBCT) in diagnosing or monitoring
these lesions. Only studies published in the English language
were considered.

Exclusion Criteria: Editorials, conference abstracts, technical
notes, case reports with limited sample sizes, and studies utilizing
poorly defined diagnostic criteria for periapical lesions were
excluded from the final synthesis. Given the narrative nature
of this synthesis, formal risk-of-bias assessment tools were not
applied across all retrieved studies; however, methodological
characteristics were qualitatively considered during evidence
synthesis.

Results.

Local Inflammatory Profiles and Bone Metabolism

Biomarkers:

The evaluation of molecular markers in chronic periapical
pathology reveals a distinct shift in bone turnover and localized
immune responses.

Bone Resorption vs. Formation: Narrative evidence indicates
that C-terminal telopeptide of type I collagen (CTX) serves
as the most sensitive marker for bone resorption, whereas
procollagen type I N-terminal propeptide (PINP) and bone-
specific alkaline phosphatase (BALP) predominantly reflect
bone formation pathways.

Periapical Cysts Characteristics: In an observational clinical
setting, patients presenting with periapical inflammatory cysts
demonstrated elevated CTX levels and concurrent vitamin D
(250HD) deficiency, while BALP and osteocalcin exhibited
limited clinical variations.

Cytokine and Osteoclastogenesis Activation: Chronic
apical periodontitis lesions are consistently characterized by
increased expression of pro-inflammatory cytokines, including
interleukins (IL-1, IL-6, and IL-17) and tumor necrosis factor-
alpha (TNF-o). This sustained inflammatory environment
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triggers osteoclastogenesis via the activation of the receptor
activator of nuclear RANKL/OPG signaling pathway.

Oxidative Stress and Clinical Standardization: Systematic
data confirms that apical periodontitis is strongly linked with
elevated reactive oxygen species (ROS) and increased local and
systemic oxidative stress markers. However, despite a consistent
association between multiple bone or inflammatory biomarkers
and apical periodontitis, pronounced study heterogeneity
continues to limit formal clinical standardization.

Systemic Comorbidities and Modifying Health Factors:

Periapical pathology does not occur in isolation; its severity
and biomarker expression are significantly modulated by
systemic health status and chronic metabolic diseases.

Clinical observational data demonstrates that diabetes enhances
the expression of bone resorption biomarkers specifically
altering RANKL and OPG dynamics in patients diagnosed with
apical periodontitis.

Systemic bone density loss appears to have a compounding
effect on periapical tissues, as evidence suggests that osteoporosis
may increase both the overall prevalence and structural severity
of apical periodontitis.

Systemic Health Links: Extensive evidence from umbrella and
systematic reviews suggests an observation association between
chronic apical periodontitis and multiple systemic conditions,
underscoring that periapical inflammation may present
potential systemic health interactions mediated by circulating
inflammatory markers.

Exogenous toxicological factors play a detrimental role in
accelerating tissue destruction in experimental models of apical
periodontitis.

In experimental models of apical periodontitis, chronic
exposure to alcohol was found to intensify localized
inflammation, resulting in increased bone resorption driven by
elevated levels of TNF-alpha, RANKL, and tartrate-resistant
acid phosphatase (TRAP)-positive osteoclasts.

Similarly, experimental evaluation in rat models revealed
that cigarette smoke exposure significantly elevates TRAP
expression, thereby amplifying osteoclast activity and escalating
alveolar bone destruction.

Therapeutic interventions and targeted supplementation
demonstrate a direct capacity to mitigate inflammation and
restore balanced bone signaling.

In prospective clinical evaluations involving complex cohorts,
such as patients with concurrent cardiovascular disease and
apical periodontitis, the administration of root canal treatment
successfully reduced high-sensitivity C-reactive protein (CRP)
alongside other systemic inflammatory biomarkers, supporting
localized periapical healing. Preliminary clinical evidence
from a randomized trial indicates that targeted Vitamin D
supplementation may enhance the radiographic healing rate of
periapical lesions, though broader clinical validation is required
before establishing routine protocols.

At a narrative level, complete periapical bone healing is
determined to be highly dependent on the successful restoration
of balanced osteoimmune signaling specifically involving Wnt,
transforming growth factor-beta (TGF-beta), and the RANKL/
OPG axis alongside the subsequent activation of regenerative
pathways. Table 1 represents a curated summary of key



representative studies rather than an exhaustive systematic
repository.

Discussion.

The Osteoimmune Imbalance: RANKL/OPG Axis and

Cytokine Networks:

This review highlights a complex, interconnected system
where bone metabolism and the host immune system interact
dynamically to regulate tissue destruction within chronic
periapical lesions. From a pathophysiological standpoint, apical
periodontitis is characterized by a persistent biomolecular
imbalance in which localized bone resorption significantly
exceeds bone formation, a phenomenon triggered by intracanal
microbial factors, sustained host immunopathology, and
systemic metabolic conditions [1,2,6,26]. Root canal biofilms
are central to periapical bone destruction because they activate
the host's osteoimmune response. These intricate microbial

communities release endotoxins, such as lipopolysaccharide
(LPS) and lipoteichoic acid, which infiltrate the periapical space
and trigger severe localized inflammation [2,27]. Neutrophils
and macrophages, acting as early cellular responders, create a
self-sustaining cycle that maintains the recruitment of white
blood cells and promotes ongoing inflammatory signals [2].
This chronic inflammatory microenvironment is marked by a
notable elevation of pro-inflammatory cytokines at the local
site, including interleukin-1 beta (IL-1B), IL-6, IL-17, and
tumor necrosis factor-alpha (TNF-a) [2]. These cytokines act as
powerful upstream signals that directly modulate the RANKL/
RANK/OPG axis [2,6]. When local levels of receptor activator
of nuclear factor-xkB ligand (RANKL) increase, they encourage
the development, fusion, and activation of pre-osteoclasts
[1,2]. In contrast, the decoy receptor osteoprotegerin (OPG),
which typically prevents RANKL from binding to RANK,
is frequently downregulated. This shifts the local RANKL/

Table 1. Summary of key representative studies investigating bone turnover biomarkers, inflammatory pathways, and systemic modifiers in chronic
periapical lesions.

Study Study Design Population / Model Main Biomarker(s)
Cazzolla Observational Patients with periapical 250HD, CTX,

et al., 2025 clinical study inflammatory cysts BALP, Osteocalcin
Braz-Silva Literature revie Chronic apical IL-1B, IL-6, TNF-a,
et al., 2019 VIEW beriodontitis IL-17, RANKL/OPG

Matos-Sousa

et al., 2024 and bone biomarkers
Schini . . . CTX, PINP,
et al., 2023 Narrative review  Bone metabolism BALP, Osteocalcin
Georgiou Systematic review Human and ROS, oxidative stress
et al., 2021 Y experimental studies markers
Sarmento oclllsrélr:?altional Diabetic and non- RANKL, OPG,
et al., 2020 study diabetic patients bone resorption markers
Maras Randomised Patients with apical Vitamin D
et al., 2026 clinical trial lesions supplementation
Martins rseyvsit:“;’a“c Experimental TNF-a, RANKL,
et al., 2025 (animal studies) apical periodontitis TRAP-positive osteoclasts
Veiga Vasques Experimental Rats TRAP, inflammatory
et al., 2024 animal study markers
Bhardwaj Prospective Patle?nts with . hs-CRP, inflammatory

o cardiovascular disease
et al., 2025 clinical study markers

and AP

Reiser Narrative review  Periapical lesions Wat, TGF-B,
et al., 2026 P RANKL/OPG
Pestana de
Vasconcelos  Systematic review Human studies Osteoporosis and AP
et al., 2024
Pinto Umbrella review | Chronic diseases and AP Systemic inflammatory
et al., 2023 markers
Venugopal Systematic review Observational studies Systemic inflammatory
et al., 2025 markers

Systematic review

Human studies

Multiple inflammatory

Principal Findings

Vitamin D deficiency and elevated CTX were
associated with periapical inflammatory cysts, whereas
BALP and osteocalcin showed limited differences.
Chronic lesions exhibit elevated inflammatory
cytokine levels and activation of osteoclastogenesis
via the RANKL/OPG pathway.

Biomarkers are consistently associated with apical
periodontitis, although study heterogeneity limits
clinical standardization.

CTX is the most sensitive marker of bone resorption,
while PINP and BALP primarily reflect bone
formation.

Apical periodontitis is associated with increased local
and systemic oxidative stress.

Diabetes enhances expression of bone resorption
biomarkers in apical periodontitis.

Vitamin D supplementation accelerated radiographic
healing of apical lesions.

Chronic alcohol exposure intensified inflammation
and increased bone resorption.

Cigarette smoke significantly increased osteoclast
activity and alveolar bone destruction.

Root canal treatment reduced systemic inflammatory
biomarkers and promoted healing.

Bone healing depends on restoration of balanced
osteoimmune signalling and activation of regenerative
pathways.

Osteoporosis may increase the prevalence and severity
of apical periodontitis.

Strong evidence supports an association between
apical periodontitis and several systemic diseases.
Chronic apical periodontitis demonstrates clinically
relevant systemic health associations.

Note: Table I represents a curated summary of key representative studies illustrating core biological themes, rather than an exhaustive systematic

repository.
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Figure 1 | Ostecimmune pathways and systemic modifiers in chronic periapical lesions

A . 1 bl e

RANKL /| OPG Ol activation

g

Ealmepmrma Nrmnimg B b 3wl

Figure 1. Osteoimmune pathways and systemic modifiers in chronic periapical lesions.

Persistent intracanal microbial biofilms release bacterial antigens like LPS and lipoteichoic acid that trigger a localized host immune response,
driving the production of pro-inflammatory cytokines such as IL-1 beta, IL-6, IL-17, TNF-alpha and reactive oxygen species ROS. This
inflammatory cascade alters the RANKL OPG ratio toward bone resorption, leading to osteoclast activation and progressive alveolar bone loss
marked by elevated CTX-1. Systemic and behavioral modifiers including vitamin D deficiency, diabetes mellitus, osteoporosis, smoking, and
alcohol consumption further amplify cytokine output and accelerate tissue destruction.

OPG ratio upward, serving as a direct molecular indicator of
active bone breakdown [1,2]. Proinflammatory cytokines and
endotoxin-stimulated macrophages also increase the release of
destructive matrix metalloproteinases and cathepsin K, which
degrade type I collagen, the main structural component of the
jawbone [2,24]. While these enzymatic pathways mediate local
tissue degradation, specific biomarkers of bone resorption,
such as C-terminal telopeptide of type I collagen (CTX-1),
require careful interpretation as they may also reflect broader
skeletal turnover rather than isolated periapical destruction
[3]. Interestingly, markers of bone formation, including bone-
specific alkaline phosphatase (BALP) and osteocalcin (OC),
show limited clinical variations in patients with periapical
inflammatory cysts [1]. BALP, an enzyme essential for
depositing hydroxyapatite, and OC, which binds calcium in
the matrix, fail to increase dynamically enough to keep pace
with osteoclastogenesis [3]. However, looking toward future
diagnostic paradigms, advanced digital technologies can
frameworks represent an emerging direction in dental medicine
[28].

Systemic, Endocrine, and Metabolic Modifiers of Jawbone
Homeostasis:

Periapical bone remodeling is not merely a localized event;
it appears to be influenced by the patient's systemic health
status, endocrine balance, nutritional factors, and exogenous
lifestyle habits [6,13,14]. Among the systemic metabolic
comorbidities, diabetes mellitus stands out as a critical
clinical factor that accentuates localized bone resorption. The
chronic hyperglycemic environment alters the RANKL/OPG
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balance, suppressing osteoblastic bone repair and accelerating
immunoexpression of bone resorption biomarkers, which
directly delays periapical healing and manifests as larger
radiolucent areas in root-filled teeth [10,29].

In addition to metabolic diseases, toxicological modifiers
related to patient lifestyle habits play a detrimental role in
speeding up tissue destruction. However, it is essential to
note that much of the available evidence regarding chronic
alcohol consumption and tobacco smoke inhalation stems
from experimental animal models or observational studies in
periodontal populations. While animal models demonstrate that
alcohol and cigarette smoke alter host immune pathways, elevate
TNF-0 and RANKL, and compromise local microvascular
circulation to increase alveolar osteoclast activity, these findings
represent biological plausibility and cannot be directly translated
into the exact magnitude of clinical effects in human apical
periodontitis. Similarly, while systemic endocrine conditions
like thyroid disorders alter systemic bone turnover, direct clinical
evidence specifically linking thyroid dysfunction to chronic
periapical lesions remains limited and relies largely on indirect
extrapolated data from periodontal research. Furthermore,
while conditions such as periapical cysts, apical periodontitis,
and periodontal disease share common immune-inflammatory
mechanisms, they represent distinct clinical entities and their
diagnostic markers should not be used interchangeably.

Endocrine Regulation via Vitamin D and Parathyroid
Hormone:

Central to these systemic influences is the metabolic status
of Vitamin D [25(OH)D], which exerts potent endocrine,



anti-inflammatory, and antimicrobial actions within periapical
pathologies. In deficient states, the physiological suppression
of local pro-inflammatory networks is lost, leading to ongoing
infection and increased osteoclast activation [3,15]. Vitamin
D deficiency has been observationally associated with lower
bone mineral density, chronic inflammatory responses, and a
significantly higher prevalence of large, destructive periapical
cysts and lesions [3,16,31]. Furthermore, vitamin D deficiency
and inadequate dietary intakes frequently trigger secondary
hyperparathyroidism; elevated serum levels of parathyroid
hormone (PTH) serve as a prominent marker of bone fragility,
accelerating bone loss and fracture risks across adult populations
[16-18]. While preliminary clinical trials suggest that Vitamin
D supplementation may support radiographic healing rates,
observational associations do not establish direct causality,
and routine Vitamin D supplementation should be viewed as a
promising adjunctive consideration rather than an established
clinical standard of care or a universally required therapeutic
target [20,32].

Integrating Volumetric Imaging with Biomarker Profiling
and Interventional Outcomes:

A primary clinical challenge in endodontics is distinguishing
between active, progressing periapical lesions and stable, healing
tissues. Standard two-dimensional periapical radiographs are
fundamentally limited in detecting early mineralized bone
loss and significantly underestimate the true volumetric extent
of periapical and periodontal defects [4,5,23]. Cone-beam
computed tomography (CBCT) effectively resolves these
diagnostic limitations by offering precise three-dimensional
volumetric measurements, which are critical for accurate
pre-operative status assessment and long-term monitoring
[4,5,23]. Combining this advanced three-dimensional imaging
with biochemical analysis provides a promising conceptual
framework, though currently an area of ongoing research rather
than an established clinical diagnostic algorithm. Because bone
turnover markers follow distinct timelines during healing phases,
a persistent radiolucency seen on a CBCT scan can be clinically
deemed benign and healing if accompanied by a notable
biological drop in bone resorption markers and a simultaneous
stabilization of structural matrix proteins [1,5,33]. The clinical
efficacy of endodontic treatment is clearly evident both locally
and systemically. Successfully removing the microbial biofilm
through non-surgical root canal treatment eliminates the primary
localized stimulus driving osteoclastic activity. In patients
presenting with complex comorbidities, such as concurrent
cardiovascular disease, successful endodontic intervention
has been associated with reductions in systemic inflammatory
risk markers, including high-sensitivity C-reactive protein (hs-
CRP) and circulating serum cytokines [9,13,14]. However,
while reductions in systemic surrogate biomarkers are observed
post-treatment, current evidence does not demonstrate that
endodontic therapy directly prevents cardiovascular disease or
atherosclerosis, and these observational associations must not be
interpreted as definitive causal effects [6,9,13,14]. Furthermore,
to optimize clinical outcomes, modern protocols increasingly
utilize advanced adjunctive methods; implementing a diode
laser alongside conventional irrigation provides high efficacy
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in eradicating persistent intracanal biofilms and promoting
accelerated tissue repair [27]. This comprehensive approach
underscores that complete periapical bone healing depends
heavily on eliminating local irritants to enable targeted
metabolic, molecular, and clinical recovery [1]. Future research
should therefore explore the integration of these technologies
with CBCT-based volumetric analysis and biomarker profiling
to improve diagnostic accuracy, longitudinal monitoring, and
individualized treatment planning in patients with periapical
disease.

Methodological Challenges, Study Limitations, and Research
Directions:

Despite the strong biological rationale for using biomarkers
in clinical diagnostics, several significant obstacles remain. It is
critical to distinguish between biomarkers of pathophysiological
mechanisms and validated diagnostic tools, as involvement
in disease pathways does not automatically confer clinical
diagnostic utility. The main challenge is the wide variation
in research methods used, especially in the types of samples
collected (such as gingival crevicular fluid, saliva, periapical
fluid, or blood) and the testing platforms employed [2,24].
While local fluids like saliva provide a minimally invasive
view into the oral microbiome, systemic biomarkers like
CTX-1, parathyroid hormone, and active Vitamin D are highly
responsive to wider skeletal, postmenopausal, and nutritional
changes [16,17,33]. Furthermore, much of the existing research
carries a risk of bias because critical confounding factors,
such as smoking, alcohol consumption, medication use, age,
socioeconomic variables, and dental caries indexes, are not
always adequately controlled for [11,13,30]. Additionally, the
current literature is constrained by publication bias, language
restrictions in study selection, heterogeneity in study designs,
and a reliance on indirect extrapolations from periodontal and
systemic bone research. Future long-term studies should focus
on standardized panels of multiple biomarkers. These panels
should integrate local cytokines and oxidative stress markers
with advanced CBCT volumetrics to fully achieve personalized
patient management centered on osteoimmunity [1,5,24].

Conclusion.

In summary, this review emphasizes that the development
and healing of chronic periapical lesions are controlled by a
dynamic, localized bone-immune system that is closely linked
to overall metabolic and endocrine health. By outlining the
molecular processes of bone destruction and repair in apical
periodontitis, we can reach several key conclusions:

Periapical bone destruction stems from a significant imbalance
in bone remodeling. The local inflammatory response to
root canal biofilms alters the RANKL/OPG ratio, favoring
the formation of osteoclasts. This localized breakdown is
characterized by elevated markers of bone resorption, whereas
markers of bone formation do not dynamically increase to match
the rate of destruction.

The turnover of bone in the periapical region is modulated
by broader systemic modifiers. Addressing nutritional status,
such as optimizing Vitamin D levels, and managing systemic
metabolic conditions like diabetes mellitus may serve as
promising adjunctive measures to support host immune



responses and periapical healing. Conversely, animal models
and observational data suggest that exposure to cigarette smoke
and chronic alcohol consumption negatively influence alveolar
tissue preservation, though clinical translation requires further
validation.

While standard two-dimensional radiographs remain the
primary post-treatment imaging tool, three-dimensional CBCT
volumetric analysis provides superior accuracy in detecting
lesion resolution. Integrating CBCT volumetric tracking with
localized biochemical profiling represents a compelling future
research direction to help distinguish active from healing
tissues, though it requires standardized clinical validation before
widespread implementation.

Clinical Implications and Future Outlook.

Achieving optimal endodontic outcomes requires thorough
microbial biofilm eradication alongside considerations of host
systemic health. While routine adjunctive systemic therapies
remain an area of ongoing investigation, evaluating overall
patient metabolic stability may support local tissue repair.

To translate these biological insights into future practice,
research must focus on standardizing non-invasive biomarker
collection methods (such as gingival crevicular fluid or saliva)
and validating multi-biomarker panels in well-controlled
longitudinal trials. Furthermore, combining standardized
biochemical profiles with advanced 3D volumetric imaging—
and potentially prospective digital diagnostic tools—may
eventually facilitate personalized, precision-guided endodontic
management.

REFERENCES

1. Reiser Y, Markovi¢ L, Pelivan I, et al. Periapical Lesions:
Diagnosis, Pathophysiology, and Management. Encyclopedia.
2026;6:125.

2. Braz-Silva PH, Bergamini ML, Mardegan AP, et al
Inflammatory profile of chronic apical periodontitis: a literature
review. Acta Odontologica Scandinavica. 2019;77:173-80.

3. Cazzolla AP, Brescia V, Lovero R, et al. Evaluation of Vitamin
D and of Some Biomarkers of Bone Remodelling (CTX-1,
Osteocalcin, BALP) in Subjects with Periapical Inflammatory
Cysts: An Observational Study. Journal of Clinical Medicine.
2025;14:3712.

4.Patel S, Wilson R, Dawood A, et al. The detection of periapical
pathosis using periapical radiography and cone beam computed
tomography—Part 1: pre-operative status. International
Endodontic Journal. 2012;45:702-10.

5. Glibert M, Nollet B, Tilburgh R, et al. Evaluation of Bone
Level Using Periapical Radiography and CBCT: A Prospective
Observational Accuracy Study. Applied Sciences. 2026;16:4403.
6. Maria GE, Chaves HV, Pinto VD, et al. Apical periodontitis,
atherosclerosis, and hypertension: correlation between
inflammatory mechanisms and systemic repercussions-
integrative review. Brazilian Dental Science. 2026;29:e4853.

7. Silva Araujo R, Abreu Fonseca Thomaz EB, da Silva
Magalhaes El, et al. Does endodontic treatment modify serum
inflammatory markers of cardiovascular risk in individuals with
asymptomatic apical periodontitis? a systematic review and
meta-analysis. Clinical Oral Investigations. 2026;30:214.

472

8. Hernandez-Rios P, Pussinen PJ, Vernal R, et al. Oxidative
stress in the local and systemic events of apical periodontitis.
Frontiers in Physiology. 2017;8:869.

9. Bhardwaj S, Tewari S, Laller K, et al. Impact of Apical
Periodontitis and Non-surgical Root Canal Treatment on Serum
Inflammatory Biomarkers in Patients with Cardiovascular
Disease with Apical Periodontitis: A Prospective Interventional
Study. Cureus. 2025;17:¢87723.

10. Segura-Egea JJ, Martin-Gonzalez J, Cabanillas-Balsera
D, et al. Association between diabetes and the prevalence of
radiolucent periapical lesions in root-filled teeth: systematic
review and meta-analysis. Clinical Oral Investigations.
2016;20:1133-1141.

11. Aminoshariae A, Kulild J, Gutmann J. The association
between smoking and periapical periodontitis: a systematic
review. Clinical Oral Investigations. 2020;24:533-545.

12. Jakonyte A, Pliavga V, Juodzbalys G. A comprehensive
analysis of the association between thyroid dysfunctions
and periodontal health: systematic review. Journal of Oral &
Maxillofacial Research. 2024;15:el.

13. Pinto KP, Serrdo G, Ferreira CM, et al. Association between
apical periodontitis and chronic diseases: an umbrella review.
Iranian Endodontic Journal. 2023;18:134.

14. Venugopal B, Narasimman H, Mahalingam A, et al. Systemic
Health Associations of Apical Periodontitis: A Systematic
Review of Observational Studies. Cureus. 2025;17:e47812.

15. Antonoglou GN, Knuuttila M, Niemelé O, et al. Low serum
level of 1, 25 (OH) 2D is associated with chronic periodontitis.
Journal of Periodontal Research. 2015;50:274-280.

16. Garnero P, Munoz F, Sornay-Rendu E, et al. Associations of
vitamin D status with bone mineral density, bone turnover, bone
loss and fracture risk in healthy postmenopausal women. The
OFELY study. Bone. 2007;40:716-722.

17. Lips P. Vitamin D deficiency and secondary
hyperparathyroidism in the elderly: consequences for bone loss
and fractures and therapeutic implications. Endocrine Reviews.
2001;22:477-501.

18. Antonoglou GN, Knuuttila M, Niemeld O, et al. Serum
parathyroid hormone and active vitamin D in chronic
periodontitis. Journal of Clinical Periodontology. 2015;42:726-
732.

19. Stankiewicz B, Kochanowicz A, Brzezinska P, et al. Single
high-dose vitamin D supplementation impacts ultramarathon-
induced changes in serum levels of bone turnover markers:
a double-blind randomized controlled trial. Journal of the
International Society of Sports Nutrition. 2025;22:2561661.

20. Karamifar K, Tondari A, Saghiri MA. Endodontic periapical
lesion healing and serum vitamin D levels: a clinical prospective
study. International Endodontic Journal. 2020;53:1471-1479.
21. Bashutski JD, Eber RM, Kinney JS, et al. The impact of
vitamin D status on periodontal surgery outcomes. Journal of
Dental Research. 2011;90:1007-1012.

22. Marquezan M, Bolognese AM, Araujo MT. Circulating
bone remodeling markers (CTX-1, osteocalcin, BALP) and
bone mineral density in jaw lesion susceptibility. Archives of
Oral Biology. 2021;124:105072.



23. Kruse C, Spin-Neto R, Wenzel A, et al. Cone beam computed
tomography and periapical lesions: a systematic review
on diagnostic accuracy. International Endodontic Journal.
2015;48:815-827.

24. Belmar-Poblete L, Vernal R, Garcia-Sesnich J, et al.
Biomarkers of bone resorption and tissue destruction in apical
periodontitis: A systematic review. International Endodontic
Journal. 2022;55:240-256.

25. Gurav AN, Jadhav V, Padhye A. Salivary calcium and
phosphorus levels in relation to periodontal and peri-implant
bone loss. Journal of Indian Society of Periodontology.
2014;18:321-325.

26. Jundt JS, Agostini GM. Fascial Space Infections of the Head
and Neck. Oral and Maxillofacial Surgery Clinics of North
America. 2017;29:143-158.

27. Martins MR, Carvalho MF, Vaz IP, et al. Efficacy of
diode laser (980 nm) photodynamic therapy and conventional
endodontic treatment in the management of chronic apical
periodontitis: a randomized controlled clinical trial. Lasers in
Medical Science. 2014;29:1465-1471.

28. Veseli E, Krasniqi TP. Early diagnosis of children with
autism using artificial intelligence during dental care. Eur Arch
Paediatr Dent. 2024;25:453.

473

29. Sarmento EB, Gomes CC, Pires FR, et al. Immunoexpression
of bone resorption biomarkers in apical periodontitis in diabetics
and normoglycaemics. International Endodontic Journal.
2020;53:1025-1032.

30. Martins IS, de Vasconcelos NP, Afonso AS, et al. Impact
of chronic alcohol consumption on inflammatory response
and periapical bone resorption in induced apical periodontitis:
a systematic review of animal studies. Odontology.
2025;113:1404-1414.

31. Aminov L, Beldiman MA, Mihalas E, et al. Correlations
between vitamin D level and the presence of large chronic
periapical lesions in patients undergoing complex oral
rehabilitation  treatment. Romanian Journal of Oral
Rehabilitation. 2023;15:15-22.

32. Maras E, Aricioglu B, Beyazal Polat H, et al. Investigation
of the effect of Vitamin D supplementation on apical lesion
healing rate: Prospective, randomised clinical trial. International
Endodontic Journal. 2026;59:426-438.

33. Schini M, Vilaca T, Gossiel F, et al. Bone turnover markers:
basic biology to clinical applications. Endocrine Reviews.
2023;44:417-473.



	Title

