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Abstract 
Radiology-guided targeted drug delivery has emerged as a promising strategy to overcome the limitations of conventional 
therapeutic approaches in orthodontics and dental therapeutics. Traditional drug delivery systems often suffer from poor 
site specificity, limited bioavailability, and undesirable systemic effects, particularly within the complex oral 
microenvironment. The integration of advanced imaging modalities with innovative drug delivery platforms enables 
precise localization, controlled release, and real-time monitoring of therapeutic agents, thereby enhancing treatment 
accuracy and efficacy. This review provides a comprehensive overview of the biological basis for targeted drug delivery 
in dentistry, the principles of image-guided therapeutics, and the development of advanced delivery systems including 
nanocarriers, theranostic agents, and localized biomaterial-based platforms. Furthermore, it critically examines current 
clinical applications in orthodontics, periodontal therapy, endodontics, oral oncology, and regenerative dentistry. The 
translational potential of these approaches is discussed alongside existing challenges, including technical limitations, 
safety concerns, and regulatory barriers. Emerging trends such as artificial intelligence integration, smart delivery 
systems, and personalized treatment planning are also highlighted. Overall, radiology-guided targeted drug delivery 
represents a significant advancement toward precision dentistry, offering improved clinical outcomes and paving the way 
for more efficient, patient-specific therapeutic strategies. 
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1. Introduction 
Oral diseases are a global burden, affecting billions of 
people, resulting in pain in the oral cavity, tooth loss and 
loss of quality of life [1]. Oral diseases such as dental 
caries and periodontal diseases not only diminish the 
functions of the mouth, but also have systemic health-
related outcomes, which justify the need for effective 
and targeted therapies [2]. Drugs are extensively used in 
orthodontics and dental therapeutics for the 
management of inflammation, infection and control of 
bone remodelling, which is essential for tooth 
movement. But the anatomical and physiological 
characteristics of the oral cavity present major 
challenges for drug delivery. 
Traditional drug delivery methods, particularly systemic 
drug delivery, may result in low drug concentration at 
the site of action and systemic side effects. Even local 

drug delivery approaches have their own limitations of 
rapid salivary washout, enzymatic degradation and poor 
penetration into the periodontal and alveolar tissues. 
Recent developments in drug delivery technologies such 
as nanocarriers and controlled-release systems have 
enhanced the ability of targeting but there are critical 
limitations such as precise localization and real time 
monitoring [3]. 
Targeted drug delivery with radiology guidance has 
become a potentially successful approach to these 
problems in that it combines the diagnostic imaging 
with the therapeutic delivery. Image guided therapy 
allows proper localization of the sites of treatment and 
real time monitoring of drug delivery, thus improving 
precision in therapy. This has been further improved by 
the development of theragnostic agents that combine 
imaging and therapeutic properties that enables 
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diagnosis and treatment to be conducted at the same 
time [4]. Moreover, imaging modalities like ultrasound 
have grown not only to be used actively in the delivery 
of drugs and targeted interventions [5], but non-invasive 
image-guided systems provide better safety and efficacy 
[6]. 
 
Objectives  
1. To critically evaluate the principles and 
advancements of radiology-guided targeted drug 
delivery systems in orthodontics and dental therapeutics 
2. To analyze current applications and clinical 
relevance of image-guided drug delivery in improving 
precision, efficacy, and patient outcomes in dental care 
3. To identify key challenges, research gaps, and future 
directions for the integration of radiology-driven 
targeted therapies in precision dentistry 
 
2. Biological and Clinical Basis for Targeted Drug 
Delivery in Dentistry 
The complex oral environment and mechanisms render 
the precision drug delivery in dentistry a possibility. The 
fine-tuned bone remodelling that is responsible for 
orthodontic tooth movements is a balance between the 
bone resorption by osteoclasts and formation by 
osteoblasts of the periodontal ligament (PDL). These 
processes are well regulated by signal transduction and 
mechanical forces and refined pharmacological control 
is needed to achieve the desired outcomes [7]. In 
addition, the PDL is also a highly specialised connective 

tissue that responds to mechanical forces, and is the key 
to tissue regeneration and repair with the aid of stem cell 
activity needed for periodontal regeneration [8]. 
This process is confounded by inflammation and 
microbes. Periodontal diseases are initiated by 
uncontrolled host immune responses to microbial 
biofilms, which will result in tissue damage and bone 
loss [9]. Microbial persistent inflammatory signaling is 
also responsible for chronic inflammation and can also 
increase the severity of the disease and reduce the 
treatment efficacy [10]. These factors stress the need of 
local and targeted approaches with the capacity to 
modulate the microbial and host environment. 
But even with the advancements in the local drug 
delivery system, pharmacokinetics factors are critical. 
The low vascularisation of periodontal tissues, saliva 
flow and enzymes contribute to the rapid removal and 
degradation of drugs. These factors reduce drug 
bioavailability, and result in poor sustained therapeutic 
effects [11]. Consequently, local drug delivery has 
emerged as a viable alternative approach for increasing 
drug retention, to encourage local action and decrease 
systemic effects [12]. 
Local drug delivery has a great potential in dentistry for 
control of orthodontic tooth movement, pain and 
inflammation, treatment of periodontal disease, and to 
promote regenerative therapy. These applications 
highlight the importance of superior delivery systems 
that meet the special biological and clinical 
requirements of the oral environment. 

 
Table 1: Biological and Clinical Basis for Targeted Drug Delivery in Dentistry 

Aspect Key Features Clinical Implications References 
Oral Microenvironment Dynamic periodontal ligament (PDL); 

bone remodeling via osteoblast–
osteoclast activity 

Influences orthodontic tooth 
movement and treatment 
precision 

[7] 

Stem Cell Dynamics Dental stem cells regulate periodontal 
regeneration and tissue repair 

Supports regenerative dentistry 
and targeted therapeutic 
strategies 

[8] 

Immune Response & 
Inflammation 

Host immune dysregulation in 
response to microbial biofilms 

Leads to periodontal disease and 
bone loss; requires targeted 
modulation 

[9] 

Microbial Factors Chronic microbial-induced 
inflammatory signaling 

Contributes to disease 
progression and reduced 
treatment efficacy 

[10] 

Pharmacokinetic 
Barriers 

Limited vascularization, salivary 
clearance, enzymatic degradation 

Reduces drug bioavailability and 
retention at target site 

[11] 

Targeted Drug Delivery 
Need 

Localized, controlled drug release 
systems 

Enhances site-specific action 
and minimizes systemic side 
effects 

[12] 

 
3. Principles of Radiology-Guided Drug Delivery 
3.1 Concept of Image-Guided Therapeutics 
Image-guided therapeutics is a paradigm shift of the 
traditional method of drug delivery since it combines 
diagnostic imaging with the targeted therapeutic 
intervention. Conventionally, delivery systems of drugs 
have depended on non-targeted passive or ligand-based 
targeting and lack real-time confirmation of drug 
localization and efficacy. Contrary to this, image-guided 
methods allow visualization of anatomic structures and 
pathological localities with great accuracy, thereby 

allowing the delivery and monitoring of therapeutic 
agents to be done accurately. The development of 
theranostic agents, which incorporate diagnostic and 
therapeutic capabilities in a single platform, has greatly 
advanced this field as diagnostic and therapeutic 
capabilities can be performed simultaneously [4]. 
Moreover, the interventional radiology methods show 
the way in which imaging can be used to drive 
minimally invasive interventions with increased 
accuracy, which supports the translatability of image-
guided delivery systems [13]. 
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3.2 Types of Imaging Modalities in Dentistry 
Various imaging modalities play a role in radiology-
guided drug delivery, with each having its own benefits. 
The Cone Beam Computed Tomography (CBCT) is a 
technology that has become common in dentistry to 
visualize craniofacial structures in a high-resolution 3D 
format to facilitate the accurate targeting of anatomy in 
a dental procedure. Magnetic Resonance Imaging 
(MRI) offers better soft tissue contrast without ionizing 
radiation which makes it useful in measuring 
periodontal and soft tissue conditions. Functional and 
metabolic assessment, which is usually coupled with 
CT, can be done using molecular imaging methods like 
Positron Emission Tomography (PET) and Single 
Photon Emission Computed Tomography (SPECT) 
[14]. Also, optical and fluorescence imaging methods 
are highly sensitive to trace the distribution of drugs in 
preclinical and translational research studies [15]. 
 
3.3 Mechanisms of Radiology Guidance 
There are a few important mechanisms on which 
radiology-guided drug delivery is based, to increase 
therapeutic precision. To begin with, spatial localization 
allows correct localization of target tissues, which 
guarantees that the drug is deposited at the site. Second, 
imaging enables the real-time tracking of drug 
distribution and release and enables clinicians to 
determine the response to therapy and dynamically 
adjust treatment approaches. The improvement of 
accurate imaging devices has further enhanced the 
precision of interventional methods, especially in cancer 
and targeted therapies [16]. Additionally, artificial 
intelligence (AI) and computer-aided diagnostic 
systems offer a better analysis of images, which allows 
automated detection, treatment planning, and feedback-
controlled drug delivery systems [17,18]. All these 
developments contribute to a change in the direction of 
a high personalized and adaptive approach to treatment 
in dentistry and beyond. 
 
4. Drug Delivery Systems for Radiology-Guided 
Applications 
4.1 Nanocarriers and Smart Delivery Platforms 
The application of nanocarrier systems is a cornerstone 
of targeted drug delivery systems, as they enable 

enhancing the drug stability, bioavailability and site-
specificity. Liposomes, polymeric nanoparticles, 
dendrimers, micelles are examples of systems that 
provide flexible platforms for the encapsulation of drugs 
and control of the drug release [19]. The latest advances 
have focused on the use of smart nanocarriers, which 
response to internal (pH, enzymes) or external stimuli 
(temperature, radiation) and, therefore, highly selective 
spatial and temporal release of drugs can be triggered 
[20,21]. These types of systems are particularly useful 
for radiology-based applications, where external stimuli 
(ultrasound, radiation) can be combined with imaging 
techniques to perform selective activation. 
 
4.2 Radiopaque and Image-Traceable Drug Carriers 
Traceable imaging carriers are a key advancement of 
radiology-guided drug delivery, allowing simultaneous 
imaging and therapy. Drug carriers with radiopaque 
nanoparticles or contrast-enhancing capabilities, allow 
optional tracking of the drug distribution in real-time 
imaging modalities such as CT, MRI or PET. They are 
usually theranostic, having imaging and therapeutic 
capabilities integrated into a single system, therefore 
improving treatment and treatment monitoring [16]. 
Imaging contrast agents included in nanocarriers enable 
targeted interventions and help to improve imaging 
guidance. Further, they can work with computer-aided 
diagnostic (CAD) systems to facilitate evaluation of the 
imaging data and facilitate delivery planning [17]. 
 
4.3 Localized Delivery Devices 
Another level of precision can be achieved with targeted 
delivery systems, which ensure sustained delivery of 
drugs to the target site. Microspheres and injectable 
hydrogels based on hydrogels are of interest because 
they are biocompatible, reversible, and can deliver 
drugs or cells to regenerate tissues [22]. Similarly, 
scaffolds and microspheres provide sustained release 
and support for regeneration. Other techniques are also 
exploring integration with orthodontic appliances to 
enable sustained and targeted drug delivery. Such 
systems can be further enhanced with the incorporation 
of artificial intelligence in radiology, which enables 
real-time monitoring, prediction, and adaptive therapies 
and drives precision medicine [18]. 

 
Table 2: Drug Delivery Systems for Radiology-Guided Applications 

Category Key Systems Features Relevance to 
Radiology 
Guidance 

References 

Nanocarriers & 
Smart Platforms 

Liposomes, 
dendrimers, 
polymeric 
nanoparticles, 
micelles 

Controlled release, 
stimuli-responsive 
(pH, temperature, 
radiation) 

Enable externally 
triggered, image-
guided drug 
activation 

[20,21] 

Image-
Traceable 
Carriers 

Radiopaque 
nanoparticles, 
theranostic agents 

Combined imaging and 
therapeutic function 

Real-time tracking 
and precision 
delivery using 
CT/MRI/PET 

[16,17] 
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Localized 
Delivery 
Systems 

Hydrogels, 
microspheres, 
scaffolds 

Sustained, site-specific 
drug release; 
biocompatible 

Supports localized 
targeting with 
imaging-based 
monitoring 

[22] 

AI-Integrated 
Systems 

CAD-based delivery 
planning tools 

Automated image 
analysis and adaptive 
control 

Enhances precision, 
personalization, and 
real-time monitoring 

[18] 

 
5. Integration of Radiology with Targeted Drug 
Delivery 
Radiology-based targeted drug delivery represents a 
novel innovation in precision dentistry, as it enables 
targeted, monitored and personalized treatment. 
Radiology in drug delivery is important in mapping and 
visualising target sites in complex craniofacial 
structures, particularly in periodontal and alveolar 
regions where anatomical variability may be a crucial 
factor in the treatment outcome [26]. The high-
resolution images, in conjunction with novel 
technologies, such as 3D printing and custom design, 
allow the clinicians to define the diseased sites and 
deliver the drug in an optimal way [23]. In this respect, 
nanotheranostic systems have also improved the clinical 
skills, by integrating imaging and therapeutic functions, 
and therefore enabling simultaneous imaging and 
targeted therapy [24]. 
The advantage of radiology-guided drug delivery is that 
it provides real-time drug release and distribution. 
Additionally, imaging systems have trackable drugs that 
allow real-time monitoring of drug distribution in 

tissues, which will aid in drug delivery and treatment. 
Spatially targeted hyperthermia with magnetic particle 
imaging is an approach that enables spatially targeted 
switching of therapeutic agents while monitoring the 
treatment in real-time [25]. Similarly, it has been 
demonstrated by using nanoscale drug delivery systems 
that real-time drug release can be monitored by using 
quantitative imaging signals, which allow quantitative 
assessment of drug delivery and treatment outcomes 
[26]. These characteristics allow for feedback and 
adaptive therapies. 
Also, there is a great improvement in the personalized 
treatment planning through the use of radiology and 
delivery systems. Personalized treatment plans based on 
patient-specific imaging information can be devised to 
account for anatomical and biological variations 
Hydrogel microspheres and other biomaterials are 
useful for site-specific drug and cell delivery systems 
such as in regenerative medicine [22]. All of these 
developments provide the shift to patient-centered, 
tailored dental therapies. 

 

 
Figure 1: Integration of Radiology with Targeted Drug Delivery in Precision Dentistry 
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This schematic illustrates the workflow of radiology-
guided drug delivery, integrating advanced imaging, 3D 
modeling, targeted therapeutic delivery, and real-time 
monitoring to enable personalized, precision-based 
dental treatment with improved efficacy, safety, and 
clinical outcomes. 
 
6. Applications in Orthodontics 
The targeted drug delivery through radiology is 
becoming an important factor in the novel orthodontics 
treatment, since it enables the control of biological 
processes that drive tooth movement, pain and tissue 
equilibrium. Orthodontic tooth movement is primarily 
coordinated by coordinated bone remodeling, which is 
comprised of osteoclastic bone resorption and 
osteoblastic bone formation in the periodontal ligament. 
New therapeutic strategies are aimed at accelerating or 
decelerating this process by employing targeted drug 
delivery therapy that can modulate the activity of cells 
and cell signaling [27]. This approach can be 
supplemented by the radiological imaging, which 
facilitates accurate targeting the correct tissues and 
monitoring treatment response, hence improving the 
efficacy of osteoclast- and osteoblast-targeted 
treatment. 
Beside the process of modulation of tooth movement, 
the adequate control of pain and inflammation is also 
one of the most important factors in orthodontics. 
Localized inflammatory responses are usually caused by 
the application of mechanical forces during treatment 
resulting in discomfort and decreased patient 

compliance. Radiology-guided delivery systems can be 
used to deliver anti-inflammatory agents to the affected 
tissues in a localized fashion reducing systemic 
exposure and enhancing therapeutic effect. Techniques 
of advanced imaging also support real-time evaluation 
of the inflammatory changes and dynamic correction of 
treatment regimes. The use of both traditional and novel 
therapeutic agents has been investigated in the 
management of orthodontic pain and inflammation with 
the emphasis placed on the importance of targeted and 
controlled delivery systems to achieve the best results 
[27]. 
Moreover, adverse effects should be prevented (root 
resorption) to achieve the success of the long-term 
treatment. Radiology-guided methods enable the 
possibility to detect early structural alteration of dental 
tissues and deliver protective agents to the areas where 
they are needed. The latest advancements like real-time 
imaging of drugs release and distribution allow the 
clinicians to guarantee sufficient therapeutic coverage 
and reduce the occurrence of unintended tissue damage 
[26]. Moreover, with such technologies as magnetic 
particle imaging, the localized activation of therapies 
can be performed spatially, which opens new 
opportunities of localized interventions [25]. Patient-
specific modeling also improves the planning of 
treatment, aiding in individual orthodontic approaches 
[23]. Together, these improvements highlight the 
revolutionizing potential of targeted drug delivery using 
radiology in orthodontics. 

 
Table 3: Applications of Radiology-Guided Targeted Drug Delivery in Orthodontics 

Application Area Key Approach Clinical Benefit References 
Tooth Movement 
Modulation 

Targeted delivery affecting 
osteoclast/osteoblast activity 

Controlled acceleration or inhibition 
of tooth movement 

[26] 

Pain & Inflammation 
Management 

Localized anti-inflammatory drug 
delivery 

Reduced pain, improved patient 
compliance, minimized systemic 
effects 

[27] 

Root Resorption 
Prevention 

Imaging-guided delivery of 
protective agents 

Early detection and prevention of 
tissue damage 

[26] 

Precision & 
Monitoring 

Real-time imaging (e.g., magnetic 
particle imaging) 

Accurate localization and controlled 
therapeutic activation 

[25] 

Personalized 
Orthodontics 

3D imaging and patient-specific 
modeling 

Customized treatment planning and 
improved outcomes 

[23] 

 
7. Applications in Dental Therapeutics 
Guided delivery of drugs into the dentin using radiology 
is the future of dental therapeutics as it allows targeted, 
localized and controlled treatment of a variety of oral 
diseases. Antimicrobial and anti-inflammatory agents 
delivered specifically to the periodontal tissues are 
important in periodontal therapy to control the disease 
progression. Periodontal diseases are indicated by 
persistent inflammation and uncontrolled host reactions, 
and their treatments involve not only getting rid of 
microbial pathogens but also regulating the host 
immune responses [28]. Localized delivery systems 

allow the concentration of drugs in the diseased sites and 
reduce the systemic exposure, which leads to better 
therapeutic results. Moreover, the development in 
nanomedicine has made it possible to have self-delivery 
platforms that can provide simultaneous antibacterial 
and anti-inflammatory effects which have been shown 
to be more effective in the treatment of localized 
infections [29]. 
Effective infection control in complex root canal system 
is a key challenge in endodontics. Radiological 
techniques help in the identification of the affected site 
and enhance delivery of antimicrobial drugs into the 
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intricate root canal structure. Innovative technologies 
such as 3D printing also help in the individual 
endodontic treatment process, because patient-specific 
anatomical models and drug delivery devices can be 
created and this will improve the quality of treatment 
[30]. This is assisting in making the root canal treatment 
more successful. 
Oral cancer and lesion Image-guided drug delivery can 
also be useful in the treatment of lesions. Oral cancer 
may require very targeted therapies to prevent damage 
to the surrounding tissues. Radiology-guided drug 
delivery can localize the disease and increase the 
concentration of a drug at the site of action and reduce 
side effects [31]. This approach is in line with the overall 

approach of precision oncology, where imaging is an 
integral part of treatment planning and evaluation. 
In the field of regenerative dentistry, the controlled 
delivery of growth factors, stem cells and other 
bioactive molecules is essential to regenerate and repair 
the tissue. The sophisticated delivery systems allow 
delivery and targeting of the regenerative factors, which 
improve bone, periodontal, and soft tissue regeneration 
[32]. And finally, pain and inflammation control will 
always be part of the dental profession and localised 
delivery improves the accuracy and comfort of therapy 
[27]. In all, these examples show the impact of 
radiology-controlled drug delivery in modern dentistry. 

 
Table 4: Applications of Radiology-Guided Targeted Drug Delivery in Dental Therapeutics 

Application Area Key Approach Clinical Benefit References 
Periodontal Therapy Targeted antimicrobial & host-modulatory 

drug delivery 
Enhanced local efficacy, 
reduced systemic effects 

[28,29] 

Endodontics Image-guided delivery in root canal 
systems; 3D-assisted interventions 

Improved infection control and 
treatment precision 

[30] 

Oral Cancer 
Management 

Image-guided localized chemotherapeutic 
delivery 

Increased tumor targeting, 
reduced toxicity 

[31] 

Regenerative 
Dentistry 

Delivery of stem cells, growth factors, 
biomolecules 

Promotes tissue repair and 
regeneration 

[32] 

Pain & Inflammation 
Control 

Localized anti-inflammatory drug delivery Improved pain management 
and patient comfort 

[27] 

 
8. Clinical Evidence and Translational Studies 
Image-guided targeted drug delivery in orthodontics and 
dental therapeutics has an increasing preclinical and 
clinical foundation for clinical translation. In vitro and 
animal studies have been crucial in supporting the 
efficacy and safety of the new drug delivery systems by 
preclinical research in vitro and animal studies. The 
models provide the opportunity to study the drug 
delivery, tissue interactions and biological pathways in 
great detail. In particular, nanoparticle drug delivery and 
hydrogel drug delivery systems have shown an 
improved site specificity for drug delivery, controlled 
drug release and improved modulation of inflammatory 
and regenerative processes. The latter also provide hints 
on the therapeutic outcomes in biological environments, 
such as bone regeneration and periodontal regeneration, 
and therefore bridge the gap between the research and 
the clinic. 
Clinical trials and case studies are relatively small, but 
they are also actively increasing with the maturity of 
technologies. Preclinical studies have shown that 
localized image-guided drug delivery solutions are 
possible in the early stages and can be used to enhance 
treatment accuracy and minimize systemic adverse 
effects. Evidence of case-based in dental therapeutics 
has shown better results in the periodontal therapy, 
endodontic disinfection, and pain control, compared to 
traditional delivery methods. Additionally, therapeutic 
distribution can be monitored in real-time through the 
combination of imaging modalities, and it can also be 
improved to enable clinicians to make a real-time 

adjustment to the treatment strategy and improve 
clinical efficacy. 
Comparatively, radiology-guided targeted drug delivery 
has a number of benefits compared to the conventional 
methods. The traditional systemic therapies have a high 
chance of not being bioavailable at the target site and 
they have a high probability of causing adverse effects. 
Conversely, image-guided localized delivery enables 
better targeting of drugs to the site of interest and 
reduces systemic exposure. Also, the monitoring of the 
release of drugs and tissue reaction in real time is a great 
opportunity to optimize the results of treatment. 
Nonetheless, in spite of these promising advantages, 
there are still large-scale randomized clinical trials 
required to set standardized protocols, prove long-term 
safety and cost-effectiveness. On the whole, existing 
data indicates a high potential of translational 
application, making radiology-directed drug delivery 
one of the main elements of precision dentistry of the 
future. 
 
9. Challenges and Limitations 
Despite significant advances in the field, there are 
several technical, biological and regulatory constraints 
limiting the widespread clinical application of 
radiology-based targeted drug delivery in dentistry. 
Technically, matching of spatial resolution of imaging 
and drug delivery is an important factor to be 
considered. While the imaging techniques are very 
spatial in nature, it is still challenging to make a 
transition to drug delivery at the micro level. 
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Furthermore, the stability, scale-up and reproducibility 
of nanocarriers and targeted systems are also of concern, 
particularly in the long-term storage and equal efficacy. 
Clinical translation is also complicated by biological 
and safety considerations. Nanomaterials are associated 
with possible risks associated with cytotoxicity, 
immunogenicity and tissue accumulation. The 
important issue is to achieve biocompatibility without 
impairing the therapeutic effect. In addition, ionizing 
radiations in imaging procedures have safety issues 
because exposure to large doses of the radiations may 
lead to cumulative exposure, which should be avoided 
especially in dental practice. 
Regulatory and ethical wise, theranostic systems that are 
diagnostic and therapeutic in nature have convoluted 
approval processes because of their dual nature. There 
are still no standardized safety, efficacy, and quality 
control guidelines. Moreover, there might be high-
prices of sophisticated imaging tools and delivery 
systems, which restrict access, especially in the 
resource-depleting environment. To effectively 
incorporate radiology-guided drug delivery into the 
dental practice, these issues must be addressed. 
 
10. Future Perspectives 
The use of radiology-guided targeted drug delivery will 
be transformed in the near future due to the adoption of 
emerging technologies. Machine learning and artificial 
intelligence (AI) are likely to be used to improve image 
analysis, allowing automated detection, predictive 
modeling, and real-time optimization of the drug 
delivery plan. These instruments may facilitate very 
individual and dynamic treatment planning. The 
creation of sophisticated theranostic systems will also 
allow diagnosis, targeted therapy and monitoring to be 
performed in the same system, enhancing clinical 
efficiency and accuracy. 
Moreover, more invasively and autonomously 
deliverable systems, such as intelligent implants and 
responsive nanocarriers will probably simplify the 
complexity of the procedure and improve control over 
therapy. Combination of these technologies with digital 
workflows in dentistry (3D imaging and computer-aided 
design/manufacturing, or CAD/CAM) will enable 
individualized treatment solutions. Taken together, 
these innovations are likely to lead to the move towards 
precision, data-based dental therapeutics. 
 
11. Conclusion 
Radiology-guided targeted drug delivery is a paradigm 
shift in orthodontics and dental therapeutics in which, 
rather than conventional and unresponsive therapeutic 
approaches, targeted, patient-centered approach is 
offered. This approach allows targeted localisation, 
controlled drug release and monitoring of treatment 
response in real time, by the integration of techniques of 
advanced imaging with innovative drug delivery 
systems such as nanocarriers, hydrogel and theranostic 
agents. This helps greatly in the effectiveness of 
treatment in various domains including periodontal 

treatment, orthodontic tooth movement, pain relief and 
regenerative dentistry with minimal exposure and 
toxicity. In addition, the adoption of such technologies 
as artificial intelligence and 3D imaging facilitates 
personalised therapy and dynamic treatment 
approaches. While these are available, technical, safety, 
regulatory and economic concerns remain the barriers of 
implementation. More studies are required on clinical 
validation, optimisation and standardisation. Overall, 
radiology guided-targeted drug delivery can play a 
critical role in the evolution of precision dentistry and 
improve clinical outcomes. 
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