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Abstract 

The integration of 3D biomarkers in dentistry has emerged as a powerful tool for enhancing diagnostic precision 
and promoting personalized treatment plans. These biomarkers leverage 3D imaging technologies, offering more 
detailed insights into both hard and soft tissues at a molecular level. This review delves into the latest advances in 

3D biomarkers, emphasizing their applications in various dental specialties, including periodontics, implantology, 
and regenerative dentistry. It further highlights recent research on the use of 3D biomarkers in oral cancer detection, 
bone regeneration, and caries management. Additionally, this paper discusses the challenges posed by these 
emerging technologies, such as cost, accessibility, and ethical concerns related to data privacy. As 3D biomarkers 
continue to evolve, their role in the future of precision dentistry appears promising. 
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Introduction   

Biomarkers have been an integral component in modern medicine for 
diagnosing diseases and guiding therapeutic interventions. In dentistry, the 
use of biomarkers has traditionally been limited to 2D assessments or 
invasive sampling methods. However, the advent of three-dimensional (3D) 
imaging technologies, such as computed tomography (CT), magnetic 
resonance imaging (MRI), and 3D optical scanning, has led to the 

development of 3D biomarkers, offering a new dimension of diagnostic 
accuracy. These biomarkers provide a spatial representation of biological 
changes within oral tissues, enabling more precise evaluation of disease 
progression, tissue regeneration, and treatment outcomes. This article 
explores the latest advancements in the use of 3D biomarkers in dentistry and 
discusses the implications of these developments for future clinical practice. 

Clinical Applications of 3D Biomarkers in Dentistry: 

The adoption of 3D biomarkers has the potential to transform dental practice 

by providing more accurate and non-invasive diagnostic methods. In 
periodontology, traditional diagnostic tools like probing and 2D radiographs 
often fall short in detecting early tissue degradation or subtle inflammation 
in the periodontal ligament. 3D biomarkers, however, offer a more 
comprehensive visualization of tissue integrity, allowing for earlier detection 
of periodontal diseases and more effective, minimally invasive treatments 
[1]. 

In implantology, 3D biomarkers have been instrumental in assessing bone 

density and quality before and after implant placement. Traditional imaging 
methods, such as panoramic radiographs, often provide insufficient detail for 
evaluating the biological environment of the implant site. 3D biomarkers 

offer more precise information on bone morphology, enhancing the success 
rate of dental implants by predicting osseointegration more accurately [2]. 

In the management of dental caries, recent research has demonstrated the 
potential of 3D biomarkers to provide early detection of enamel 
demineralization and caries activity. Conventional methods, such as 
bitewing radiographs and visual inspection, may not identify early-stage 

caries or accurately assess lesion depth. 3D biomarkers can help clinicians 
visualize structural changes in enamel and dentin at the molecular level, 
improving the ability to monitor caries progression and tailor preventive 
treatments [3]. 

Emerging Research in 3D Biomarkers: 

One of the most promising areas of recent research is the use of 3D 
biomarkers in oral cancer detection. Oral squamous cell carcinoma (OSCC) 
is one of the most common cancers worldwide, and early detection is crucial 

for improving survival rates. Recent studies have highlighted the utility of 
3D biomarkers in providing a detailed view of the tumor microenvironment, 
including vascularization, tumor size, and cellular heterogeneity. This 
information is invaluable for planning surgical resections and minimizing 
damage to healthy tissues, which is a key challenge in oral cancer 
management [4]. 

Another groundbreaking area of research is the application of 3D biomarkers 
in bone and periodontal tissue regeneration. In regenerative dentistry, 

biomaterials such as scaffolds and growth factors are used to promote tissue 
healing. 3D biomarkers can monitor the biological response to these 
materials, providing real-time feedback on tissue regeneration processes. 
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This approach enables clinicians to adjust treatment protocols based on how 
well the tissue is responding, leading to more predictable outcomes in bone 
and periodontal regeneration [5]. 

Furthermore, advancements in 3D printing technology have enabled the 

development of patient-specific 3D biomarkers, tailored to an individual’s 
unique biological and anatomical characteristics. These customized 
biomarkers offer a higher level of precision in diagnosis and treatment 
planning, particularly in complex cases such as congenital craniofacial 
deformities or extensive bone loss due to trauma or disease [6]. 

Challenges and Ethical Considerations: 

Despite the promising potential of 3D biomarkers in dentistry, their 
widespread adoption faces several challenges. One of the primary concerns 
is the cost and accessibility of the sophisticated imaging technologies 

required for 3D biomarker analysis. Many dental practices, particularly in 
low-resource settings, may not have access to advanced imaging tools such 
as MRI or CT scanners. Additionally, the interpretation of 3D biomarker data 
requires specialized training, which may pose a barrier for general 
practitioners who are not familiar with these technologies [7]. 

Ethical issues also arise in the context of 3D biomarker use, particularly with 
regard to patient privacy and data security. Since 3D biomarkers involve the 
collection of highly detailed biological data, there is a risk that this 

information could be misused if not properly safeguarded. Strict regulations 
and data protection measures must be implemented to ensure that patient 
information remains confidential and is not exploited for commercial or non-
medical purposes [8]. 

Moreover, as 3D biomarker technologies continue to evolve, there is concern 
that an over-reliance on these advanced diagnostic tools could overshadow 
the importance of clinical judgment and patient-centered care. While 3D 
biomarkers offer enhanced diagnostic accuracy, they should be viewed as a 

complement to, rather than a replacement for, traditional diagnostic methods 
and clinical expertise [9]. 

Future Perspectives: 

As technology continues to advance, the future of 3D biomarkers in dentistry 
appears promising. The integration of artificial intelligence (AI) with 3D 
biomarker data is expected to further enhance diagnostic precision and 
treatment planning. AI algorithms can analyze large datasets from 3D 
imaging, identifying patterns and trends that may not be apparent through 

manual interpretation. This could lead to the development of predictive 
models for disease progression and treatment outcomes, enabling more 
personalized and effective dental care [10]. 

Moreover, the development of portable and affordable 3D biomarker 
detection systems could make these technologies more accessible to dental 
practitioners worldwide. With continued research and innovation, it is likely 
that 3D biomarkers will become an essential part of routine dental 

diagnostics, improving patient outcomes through early detection and tailored 
treatments [11]. 

Conclusion: 

The use of 3D biomarkers in dentistry represents a significant leap forward 
in diagnostic accuracy and personalized treatment planning. By providing 
detailed, three-dimensional views of biological tissues, these biomarkers 
offer clinicians a more comprehensive understanding of oral diseases and 
tissue regeneration processes. While challenges related to cost, accessibility, 
and ethical concerns remain, ongoing research and technological 

advancements are likely to address these issues. As 3D biomarkers continue 
to evolve, they hold the potential to revolutionize the field of dentistry, 
paving the way for more precise and effective patient care. 
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