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INTRODUCTION: 

Endodontic diseases, primarily including pulpitis, 
pulp necrosis, and periapical periodontitis, are 
among the most common dental pathologies that 
lead to pain, infection, and tooth loss. Diagnosis 
typically involves clinical assessment, radiographs, 
and patient history. However, these traditional 
methods have limitations as they often fail to provide 
a detailed understanding of the underlying biological 
processes and cannot always predict treatment 
outcomes with high accuracy. 

In recent years, the integration of biomarkers into 
endodontics has emerged as a revolutionary 
advancement, offering a more precise, objective, and 
early detection approach to diagnosing and 
managing these conditions. Biomarkers, which are 
measurable indicators of biological processes, can be 
found in saliva, blood, gingival crevicular fluid, and 
periapical tissue. They provide insights into 
inflammation, tissue damage, microbial activity, and 
healing potential, allowing clinicians to move beyond 
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conventional diagnostic tools and adopt personalized 
treatment strategies. 
 
Biomarkers are paving the way for a biological and 
precision-based approach to endodontics, shifting the 
focus from symptom-based diagnosis to an evidence-
based, molecular-level understanding of disease. By 
integrating biomarkers with advanced imaging 
techniques and artificial intelligence (AI)-driven 
diagnostic tools, clinicians can enhance decision-
making, reduce treatment failures, and improve 
long-term dental health. 
 
CLASSIFICATION OF BIOMARKERS IN 
ENDODONTICS 

 
Types of Biomarkers in Endodontics 
Inflammatory Biomarkers: In response to endodontic 
infection and tissue damage, numerous 
inflammatory biomarkers are released. 
 
Cytokines 
 Interleukins (IL-1, IL-6, IL-8): These are small 

proteins released by immune cells that mediate 
and regulate inflammation. Elevated levels of 
these cytokines in dental tissues or fluids indicate 
an inflammatory response.   

 Tumor Necrosis Factor-alpha (TNF-α): A 
cytokine involved in systemic inflammation. It 

can promote inflammation and is often found in 
higher concentrations in infected dental tissues.   

 Prostaglandins: Like PGE2, A lipid compound 
that plays a role in the inflammation process, 
contributing to pain and swelling. It is often 
elevated in conditions like pulpitis and periapical 
periodontitis. 

 C-reactive protein (CRP): - An acute-phase 
protein produced by the liver in response to 
inflammation. 4 Elevated CRP levels in saliva or 
serum can indicate an ongoing inflammatory 
process in endodontic infections. 

 Tissue Destruction Markers: These 
biomarkers indicate the breakdown of tissue, which 
can occur in response to chronic inflammation or 
infection. 
 Matrix metalloproteinases (MMPs): MMP-8 and 

MMP-9: Enzymes that degrade extracellular 
matrix components, such as collagen. Their 
elevated levels suggest tissue destruction and can 
be associated with the progression of periapical 
lesions.   

 Deoxypyridinoline (DPD): A marker of bone 
resorption, which can be detected in urine. 
Elevated DPD levels may indicate bone 
destruction around the teeth, common in severe 
periapical infections. 

 
 Microbial Biomarkers: These biomarkers are 
directly related to the presence of pathogenic 
microorganisms in endodontic infections. 
 Bacterial DNA/RNA: Identification of specific 

bacterial species, such as Porphyromonas 
gingivalis or Enterococcus faecalis, through DNA 
or RNA analysis helps in diagnosing and 
understanding the microbial profile of 
endodontic infections. 

 Endotoxins: Components of the outer membrane 
of Gram-negative bacteria, like 
lipopolysaccharides (LPS), which trigger strong 
inflammatory responses. The presence of 
endotoxins in root canal infections is a marker of 
bacterial activity and infection severity. 

 
 Regenerative Biomarkers: These biomarkers 
are involved in tissue healing and regeneration, 

Category Subtypes Function Examples 

Based on 
Function 

Diagnostic 
Biomarkers 

Early disease 
detection 

IL-1β, TNF-α, 
MMP-9, MMP-2, 

IL-8, CCL2 

 

Prognostic 
Biomarkers 

Predict 
treatment 
outcomes 

C-Reactive 
Protein (CRP), IL-
6, VEGF, TIMP-1, 

MMP-3 

 

Therapeutic 
Biomarkers 

Guide 
regenerative 

therapies 

Stem Cell Markers 
(STRO-1, CD146), 
Growth Factors 
(BMP-2, TGF-β, 
FGF-2), DMP-1, 

DSPP 
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critical in endodontic treatments focused on tissue 
repair. 
 
Growth Factors 
 Bone Morphogenetic Proteins (BMPs): These 

proteins stimulate bone formation and are crucial 
in healing and regeneration of periapical tissues. 

 Transforming Growth Factor-beta (TGF-β): 
Involved in tissue repair, this growth factor helps 
regulate cell proliferation, differentiation, and 
other functions essential for regenerating 
damaged dental tissues.  

 
Table summarizing potential molecular biomarkers 
for oral diseases: 
 

Disease Molecular Biomarkers  

Oral Cancer 
MMP-9, IL-6, IL-8, TNF-α; arsenic, 
selenium, cerium; GDF15, MMP3, AXL, 
MCSF, I309, CTACK; SNPs; miRNAs  

Periodontal 
Disease 

IL-6, IL-1β, MIP-1α, MMP-8, MMP-9; 
Pg, ICTP, PGE2  

Dental 
Caries 

Mucin-1, histatin-5, proline-rich protein-
1, lactoperoxidase, C-reactive protein, 
statherin, SOD, copper, zinc, chloride, 
alpha-amylase, carbonic anhydrase 6, 
proteinase-3 

 

 
CLINICAL APPLICATIONS OF 
BIOMARKERS IN ENDODONTICS 
 
1. Diagnosis of Pulpal and Periapical Diseases 
Biomarkers offer a more accurate and objective 
method for diagnosing pulpitis, pulp necrosis, and 
periapical periodontitis. For instance, measuring 
cytokine levels in saliva or gingival crevicular fluid 
could differentiate between reversible and 
irreversible pulpitis, providing a more reliable 
diagnosis than traditional pulp vitality tests. 
 
 
 

2. Monitoring Disease Progression 
Regular biomarker assessment allows clinicians to 
track disease progression by measuring 
inflammation and infection markers. This approach 
is particularly useful when clinical symptoms do not 
align with disease severity, enabling timely treatment 
modifications. 
 
3. Predicting Treatment Outcomes 
Certain biomarkers can help predict the success or 
failure of endodontic treatments. Elevated levels of 
cytokines or MMPs may indicate a persistent 
inflammatory response, suggesting the need for 
additional intervention, such as apical surgery or 
regenerative procedures. 
 
4. Regenerative Endodontics 
Biomarkers play an essential role in pulp 
regeneration, especially in regenerative endodontic 
procedures. Markers such as DMP-1, VEGF (vascular 
endothelial growth factor), and BMPs (bone 
morphogenetic proteins) help to assess tissue 
regeneration potential and guide the development of 
stem cell therapies and tissue engineering techniques. 
 
Challenges and Future Directions 
Despite their potential, several challenges must be 
addressed before biomarkers can be fully integrated 
into endodontic practice. Variability in biomarker 
levels, patient-specific differences, and the 
complexity of interpreting biomarker data pose 
hurdles for clinical implementation. Additionally, 
standardized testing protocols and identification of 
the most reliable biomarkers for specific endodontic 
conditions are still needed. 
 
Future research should focus on: 
 Validating novel biomarkers through large-scale 

clinical studies. 
 Developing non-invasive diagnostic tools (e.g., 

saliva or gingival fluid-based tests). 
 Exploring the potential of biomarker-driven 

personalized endodontic care. 
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CONCLUSION 
 

The utilization of biomarkers in endodontics signifies 
an advancement in diagnosis and treatment 
strategies. By providing molecular-level insights, 
biomarkers enable clinicians to achieve higher 
diagnostic accuracy, improve therapeutic planning, 
and enhance regenerative capabilities. Their 
incorporation into everyday practice has the 
potential to revolutionize endodontic care, offering a 
more patient-centered and predictive approach. 
Moving forward, continued research and 
development are crucial to establishing standardized 
protocols, reducing costs, and integrating biomarkers 
seamlessly into clinical workflows to maximize their 
impact on patient outcomes. 
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