INTERNATIONAL JOURNAL OF MEDICAL SCIENCE AND DENTAL HEALTH

(ISSN: 2454-4191)
www.ijmsdh.org (2026)

M) Check for updates 1

Received: 27 June 2026
Revised: 08 July 2026
Accepted: 19 July 2026
Published: 13 Aug 2026

Volume 12 Issue 08, 2026
Page No - 89-94
DOI - 10.55640/ijmsdh-12-08-11

Article Citation: Zebo Gulboyeva, & Mavjuda Norova. Oral Microbiome and
Local Immune Response In The Development Of Alveolitis In Children With
Type 1 Diabetes Mellitus: Current Evidence And Future Perspectives.
International Journal of Medical Science and Dental Health, 12(08), 89-94.
https://doi.org/10.55640/ijmsdh-12-08-11

Copyright: © 2026 The Authors. Published by IIMSDH under the Creative
Commons CC BY License

Int. J. Med. Sci. Dent. Health 2026

Oral Microbiome and Local Immune
Response In The Development Of
Alveolitis In Children With Type 1
Diabetes Mellitus: Current Evidence
And Future Perspectives

Zebo Gulboyeva
Independent Researcher, Bukhara State Medical Institute, Bukhara, Uzbekistan

ORCID: https://orcid.org/0009-0002-6838-9318

Mavjuda Norova

Associate Professor, Department of Therapeutic Dentistry, Bukhara State Medical
Institute, Doctor of Medical Sciences (DSc), Bukhara, Uzbekistan

ORCID: https://orcid.org/0000-0002-1994-8972

Abstract

Alveolitis remains one of the most common
inflammatory complications following tooth extraction in
pediatric dental practice. Children with type 1 diabetes mellitus
(T1DM) represent a particularly vulnerable population because
chronic hyperglycemia affects local immunity, wound healing,
and microbial homeostasis within the oral cavity. During the last
decade, increasing evidence has demonstrated that disturbances
of the oral microbiome together with impaired innate and
adaptive immune responses significantly contribute to delayed
socket healing and the development of postoperative
inflammatory complications.

This review summarizes current knowledge regarding
alterations of the oral microbiome, biofilm formation, dysbiosis,
antimicrobial defense mechanisms, inflammatory mediators, and
host-microbe interactions in children with T1DM. Particular
attention is given to modern molecular diagnostic technologies,
microbiome sequencing, salivary biomarkers, and future
perspectives of precision dentistry. The available evidence
suggests that comprehensive assessment of microbial
composition together with local immune biomarkers may
substantially improve risk stratification, early diagnosis, and
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personalized prevention of alveolitis in pediatric patients with
type 1 diabetes mellitus.
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Introduction

Type 1 diabetes mellitus is one of the most prevalent
chronic endocrine disorders affecting children and adolescents
worldwide. Despite remarkable advances in insulin therapy and
glucose monitoring technologies, chronic hyperglycemia
continues to influence multiple physiological systems, including
oral tissues. Consequently, children with TLDM demonstrate an
increased susceptibility to inflammatory oral diseases, impaired
wound healing, periodontal disorders, and postoperative
complications following dental procedures. Among these
complications, alveolitis remains a clinically significant
condition because it is associated with severe pain, delayed
healing, repeated clinical visits, increased healthcare costs, and
deterioration of patients' quality of life. Although mechanical
trauma and bacterial contamination have traditionally been
regarded as the primary etiological factors, recent molecular
studies indicate that the development of alveolitis represents a
multifactorial process involving complex interactions between
microorganisms and host immune responses.

The human oral cavity harbors one of the most diverse
microbial ecosystems in the body. More than 700 bacterial
species have been identified, forming highly organized
polymicrobial biofilms on both hard and soft oral tissues. Under
physiological conditions, these microorganisms exist in dynamic
equilibrium with the host immune system, contributing to oral
homeostasis. However, systemic diseases such as diabetes may
disturb this ecological balance, resulting in microbial dysbiosis
and increased pathogenic potential. Recent advances in
microbiome sequencing technologies have fundamentally
changed our understanding of oral infectious diseases. Rather
than focusing on a single pathogen, current concepts emphasize
alterations in the entire microbial community, its metabolic
activity, and interactions with the host immune system. This
ecological perspective has become particularly relevant for
diabetic patients, whose impaired immune regulation creates
favorable conditions for persistent microbial colonization and
prolonged inflammation.

Growing evidence indicates that children with TIDM
exhibit quantitative and qualitative changes in oral microbial
communities. Reduced microbial diversity, increased abundance
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of opportunistic pathogens, altered biofilm architecture, and
dysregulated host immune responses collectively contribute to
delayed tissue repair following tooth extraction. Nevertheless,
many aspects of these biological interactions remain
insufficiently understood, especially in pediatric populations.

Therefore, a comprehensive analysis of the oral
microbiome and local immune mechanisms may provide valuable
insights into the pathogenesis of alveolitis and facilitate the
development of innovative preventive and diagnostic strategies in
pediatric dentistry.

Oral microbiome as a key regulator of post-extraction
wound healing

The oral microbiome consists of bacteria, fungi, viruses,
archaea, and protozoa that coexist within a highly organized
ecological network. In healthy individuals these microorganisms
establish a balanced microbial ecosystem capable of preventing
colonization by exogenous pathogens through competitive
interactions and immune modulation. Following tooth extraction,
the extraction socket immediately becomes exposed to the oral
microbial environment. Under physiological conditions, the
blood clot serves as a temporary biological barrier protecting
deeper tissues while simultaneously providing an appropriate
scaffold for wound healing. However, disruption of this balance
allows opportunistic microorganisms to colonize the socket
surface, interfere with clot stability, and initiate inflammatory
reactions [1.3].

Recent metagenomic studies demonstrate that diabetic
patients exhibit considerable alterations in microbial composition
compared with healthy individuals. Increased abundance of
Porphyromonas, Prevotella, Fusobacterium, Treponema,
Streptococcus, and Veillonella species has been reported in
several investigations. These microorganisms possess humerous
virulence factors capable of stimulating inflammatory cytokine
production, extracellular matrix degradation, and persistent
biofilm formation. Unlike acute infections caused by a single
pathogen, alveolitis appears to result from polymicrobial
dysbiosis. Biofilm-associated microorganisms communicate
through quorum sensing mechanisms, exchange genetic material,
and develop increased resistance to host immune defenses.
Consequently, elimination of mature biofilms becomes
substantially more difficult than eradication of planktonic
bacteria.

Another  important  aspect  concerns  fungal
microorganisms. Several studies have reported increased oral
colonization by Candida species among diabetic children.
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Although Candida is rarely considered the primary etiological
factor of alveolitis, fungal overgrowth may further disturb
microbial equilibrium and amplify local inflammatory responses.
These observations suggest that postoperative wound healing
should be regarded as a dynamic ecological process rather than
merely a local inflammatory reaction. Consequently, preservation
of microbial homeostasis may represent one of the key
components of successful postoperative management in children
with type 1 diabetes mellitus [2.4].

Local immune response and host-microbiome
interactions in children with type 1 diabetes mellitus

The maintenance of oral health depends not only on the
composition of the oral microbiome but also on the effectiveness
of the host immune response. Under physiological conditions,
innate and adaptive immune mechanisms continuously regulate
microbial colonization while preventing excessive inflammatory
reactions. In children with type 1 diabetes mellitus, however,
chronic metabolic disturbances significantly impair these
protective mechanisms, creating favorable conditions for
microbial dysbiosis and delayed wound healing. Innate immunity
represents the first line of defense following tooth extraction.
Immediately after surgical trauma, epithelial cells, neutrophils,
macrophages, dendritic cells, and resident fibroblasts initiate a
coordinated inflammatory response aimed at eliminating
microorganisms and promoting tissue repair. This response is
tightly regulated under normal conditions, allowing inflammation
to resolve once tissue regeneration begins [5.6].

Persistent hyperglycemia profoundly affects this
physiological balance. Several studies have demonstrated
impaired neutrophil chemotaxis, reduced phagocytic capacity,
defective oxidative burst, and delayed apoptosis in diabetic
patients. Consequently, microorganisms remain within the
extraction socket for longer periods, prolonging inflammatory
activity and increasing the probability of alveolitis. Macrophages
also play a pivotal role during wound healing. Their functional
transition from the pro-inflammatory M1 phenotype toward the
reparative M2 phenotype is essential for successful tissue
regeneration. In diabetic conditions this transition appears
significantly delayed, resulting in prolonged production of
inflammatory cytokines and insufficient stimulation of tissue
remodeling [7].

Recent molecular investigations suggest that Toll-like
receptors (TLRs), particularly TLR-2 and TLR-4, constitute
major regulators of host-microbiome interactions during
postoperative healing. These receptors recognize microbial
components and activate intracellular signaling pathways
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responsible for cytokine production. Excessive stimulation of
Toll-like receptors by dysbiotic microbial communities may
contribute to sustained inflammation and impaired regeneration.
Another important molecular mechanism involves activation of
the NLRP3 inflammasome. This intracellular protein complex
promotes maturation of interleukin-1p and interleukin-18,
amplifying local inflammatory responses. Hyperglycemia,
oxidative stress, and bacterial lipopolysaccharides have all been
implicated in excessive activation of the NLRP3 pathway,
suggesting its potential role in diabetic wound complications.
Collectively, these observations indicate that successful
postoperative healing depends on a delicate equilibrium between
microbial colonization and immune regulation rather than on
complete microbial elimination. Therefore, therapeutic strategies
aimed at restoring immune homeostasis may prove more
effective than approaches directed exclusively against
microorganisms [8.11].

Salivary immunity as a non-invasive diagnostic tool

Saliva has recently emerged as one of the most
informative biological fluids for monitoring oral inflammatory
diseases. Because saliva directly reflects local biological events
occurring within the oral cavity, it provides valuable diagnostic
information without requiring invasive procedures. Among
salivary immune components, secretory immunoglobulin A
(slgA) represents the principal adaptive immune molecule. It
prevents microbial adhesion, neutralizes bacterial toxins, and
limits biofilm maturation. Several investigations have reported
altered salivary sIgA concentrations in children with poorly
controlled diabetes, suggesting compromised mucosal immunity.
Lactoferrin constitutes another important antimicrobial protein
naturally present in saliva. Besides its bacteriostatic activity
through iron sequestration, lactoferrin exhibits antiviral,
antifungal, and immunomodulatory properties. Reduced
lactoferrin activity may facilitate colonization by opportunistic
pathogens within extraction sockets [9].

Defensins, particularly human (-defensins, represent
small antimicrobial peptides synthesized by epithelial cells. They
exert broad-spectrum antimicrobial activity while simultaneously
regulating inflammatory signaling. Altered defensin expression
has been associated with impaired epithelial barrier function and
delayed wound healing in diabetic individuals. Lysozyme
remains another essential salivary defense factor capable of
degrading bacterial cell walls. Together with lactoferrin and
defensins, lysozyme contributes to maintenance of microbial
homeostasis and prevention of excessive bacterial proliferation.
Growing evidence indicates that simultaneous evaluation of these
salivary biomarkers provides considerably greater diagnostic
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accuracy than isolated measurement of any single molecule.
Consequently, multimarker diagnostic panels are currently

considered one of the most promising directions in precision
pediatric dentistry.

Table 1.

Major Components of Local Oral Immunity Involved in Alveolitis Prevention

Immune factor Primary biological function

Clinical relevance

Secretory IgA Prevention of microbial adhesion

Indicator of mucosal immunity

Lactoferrin

Iron sequestration and antimicrobial activity

Early inflammatory marker

Lysozyme Bacterial cell wall degradation Innate immune protection
B-defensins Broad-spectrum antimicrobial peptides Maintenance of epithelial barrier
Neutrophils Phagocytosis of microorganisms First-line immune defense
Macrophages Resolution of inflammation and tissue repair | Regulation of wound healing

Toll-like receptors Recognition of microbial components

Initiation of innate immune response

NLRP3 inflammasome | Cytokine maturation

Regulation of inflammatory intensity

Rapid advances in molecular biology and digital
healthcare technologies have fundamentally transformed
contemporary dentistry. The traditional concept of diagnosing
postoperative inflammatory complications solely on the basis of
clinical manifestations is gradually being replaced by precision
dentistry, an individualized approach integrating
microbiological, immunological, molecular, and digital
information to optimize patient care. One of the most promising
developments in this field is next-generation sequencing (NGS),

which enables comprehensive characterization of the oral
microbiome. Unlike conventional culture techniques, NGS
identifies both cultivable and previously uncultivable
microorganisms, providing a more complete understanding of
microbial diversity and ecological interactions within the
extraction socket. Recent investigations suggest that microbial
community  composition may  predict  postoperative
complications more accurately than the detection of individual
bacterial species.

Table 2.

Emerging Diagnostic Technologies for Personalized Management of Alveolitis in Children with Type 1 Diabetes

Mellitus
Technology Diagnostic Application Advantages Current Limitations
Next-generation sequencing | Oral microbiome profiling High microbial resolution | High cost
(NGS)

Salivary biomarker panels

Early inflammatory detection

Non-invasive

Lack of standardized -cut-off
values

Quantitative PCR

Detection of
pathogens

specific

High sensitivity

Limited microbial spectrum

Artificial intelligence

Risk prediction

Personalized diagnostics

Requires large clinical datasets

Digital intraoral imaging

Dynamic wound monitoring

Objective documentation

Operator-dependent
interpretation

Multi-omics analysis

Integrated
assessment

biological

Comprehensive
evaluation

Limited clinical availability

Figure 2. Relative Frequency of Diagnostic Approaches Reported in Recent Literature (lllustrative Literature
Synthesis)
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Relative frequency (%)

Artificial intelligence

Digital imaging

Molecular diagnostics

Microbiological analysis

Salivary biomarkers

Clinical examination - |1
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m Clinical examination

Molecular diagnostics

Figure legend: Relative distribution of diagnostic
approaches reported in contemporary publications on alveolitis
and postoperative wound healing in diabetic patients. Values
represent an illustrative synthesis of published research trends
and should not be interpreted as pooled meta-analytic estimates.

Metagenomic analysis has further demonstrated that
functional alterations within microbial communities may precede
visible clinical manifestations of inflammation. Consequently,
microbiome profiling has emerged as a potential predictive tool
capable of identifying children at increased risk for delayed
socket healing before symptoms become clinically evident.
Artificial intelligence (Al) is another rapidly developing
component of modern dental diagnostics. Machine learning
algorithms can integrate heterogeneous clinical information,
including medical history, glycemic status, oral hygiene indices,
salivary biomarkers, microbiological findings, and digital
imaging data. Through continuous learning from large datasets,
Al systems may assist clinicians in estimating postoperative risk,
supporting clinical decision-making, and recommending
individualized preventive strategies [12.14].

Another promising direction involves precision
prevention. Rather than applying identical preventive measures
to every patient, individualized protocols based on microbiome
composition, immune status, and metabolic control may improve
postoperative  outcomes  while  reducing  unnecessary
pharmacological interventions. Although these technologies
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m Salivary biomarkers

m Digital imaging

Microbiological analysis

m Artificial intelligence

remain under active investigation, their incorporation into
pediatric dentistry has the potential to significantly improve
postoperative management of children with type 1 diabetes
mellitus. Future multicenter prospective studies are required to
validate microbiome-based diagnostic algorithms and determine
their clinical applicability.

Discussion

The present review demonstrates that the pathogenesis
of alveolitis in children with type 1 diabetes mellitus cannot be
explained solely by bacterial contamination of the extraction
socket. Instead, postoperative complications arise from a
complex interaction between microbial dysbiosis, impaired
innate and adaptive immunity, chronic hyperglycemia, and
defective tissue regeneration. These mechanisms act
synergistically, creating a biological environment that favors
persistent inflammation and delayed wound healing. Current
evidence indicates that evaluation of the oral microbiome should
no longer be limited to identifying individual pathogens. Modern
ecological concepts emphasize the importance of microbial
community structure, diversity, metabolic activity, and host-
microbe interactions. Such an approach provides a more
comprehensive understanding of disease mechanisms and
supports the development of personalized preventive strategies.
Furthermore, salivary biomarkers have emerged as promising
non-invasive diagnostic tools capable of reflecting local
inflammatory activity before overt clinical manifestations occur.
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Combined assessment of inflammatory mediators, antimicrobial
proteins, and microbiological characteristics may substantially
improve early detection of postoperative complications in
children with diabetes. The integration of molecular diagnostics,
microbiome sequencing, and artificial intelligence represents a
major step toward precision pediatric dentistry. Nevertheless,
standardized diagnostic protocols and large-scale prospective
clinical studies remain necessary before these technologies can
be routinely implemented in everyday dental practice.

Conclusion

Children with type 1 diabetes mellitus exhibit significant
alterations in oral microbial ecology and local immune regulation
that may increase susceptibility to alveolitis following tooth
extraction. Oral dysbiosis should be considered a dynamic
ecological imbalance involving complex interactions between
microbial communities and host immune mechanisms rather than
the presence of a single pathogenic microorganism. Salivary
biomarkers, including inflammatory cytokines and antimicrobial
proteins, represent promising non-invasive tools for early
postoperative monitoring in pediatric patients. Comprehensive
evaluation combining clinical findings, microbiological analysis,
and molecular biomarkers may improve early diagnosis and
individualized management of alveolitis.  Next-generation
sequencing and artificial intelligence are expected to become
important components of precision dentistry, facilitating
personalized prediction of postoperative complications. Future
multicenter clinical investigations are required to validate
microbiome-based diagnostic models and establish standardized
protocols for pediatric diabetic populations.
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