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Abstract 
Oral and dental diseases, including dental caries, periodontal disorders, oral infections, and oral cancer, represent a major 
global health burden. Conventional drug delivery systems often exhibit limitations such as poor retention, low 
bioavailability, and a lack of site-specific targeting, reducing therapeutic effectiveness. This review aims to evaluate recent 
advances in drug delivery systems for oral and dental diseases, with a focus on nanotechnology-based platforms, local 
therapeutic approaches, and their clinical applications. A comprehensive analysis of recent literature was conducted to 
examine various drug delivery systems, including conventional formulations, nanocarriers, and advanced biomaterials. 
Emphasis was placed on their mechanisms, applications, and translational potential in dental therapeutics. 
Nanotechnology-based drug delivery systems, such as polymeric nanoparticles, liposomes, dendrimers, and mesoporous 
materials, demonstrated enhanced drug stability, targeted delivery, and controlled release. Local drug delivery systems, 
including mucoadhesive formulations and hydrogels, improved drug retention and therapeutic outcomes. Advanced 
materials like chitosan and nanostructured hydroxyapatite further contributed to tissue regeneration and antimicrobial 
activity. Clinical applications showed improved management of dental caries, periodontal diseases, oral infections, and 
oral cancer. Advanced drug delivery systems offer significant advantages over conventional approaches by improving 
precision, efficacy, and patient compliance. Despite existing challenges related to safety, cost, and regulatory approval, 
emerging technologies such as AI integration, nanorobotics, and personalized medicine hold great promise for future 
dental therapeutics. 
 
Keywords: Oral drug delivery, Nanotechnology, Dental diseases, Targeted therapy, Local drug delivery 
How to cite this article: ELANGOVAN N, Bhagat N, Sonune A, Nazir F, Bhushan P., Advances in Drug Delivery Systems 
for Oral and Dental Diseases: Nanotechnology, Local Therapeutics, and Clinical Applications. Int J Drug Deliv Technol. 
2026;16(42s): 1001-1012; DOI: 10.25258/ijddt.16.42s.109 
 
1. Introduction 
Oral and dental diseases are a major health problem in 
the world with millions of people affected, along with 
the resulting pain, discomfort, and poor quality of life. 
The most frequent ones are dental caries, periodontal 
diseases, oral infections, and oral cancers, all of which 
are treated with the help of effective therapeutic 
interventions. Dental caries is a chronic disease of the 
greatest prevalence, which is mainly due to the microbial 
biofilm activity, resulting in the demineralization of the 
enamel.1 Periodontal diseases entail inflammatory 
erosion of tooth supporting tissues and this is a 
significant cause of loss of teeth globally.2 Bacterial, 
fungal, and viral oral infections all make the process of 
developing a strategy to treat them more complex and 
require tailored antimicrobial solutions application.3 
Moreover, oral cancer, especially head and neck 
squamous cell carcinoma, presents a high morbidity and 
mortality rate to which an efficient diagnostic and 
therapeutic treatment should be applied.4 The mouth 
cavity is a special and a readily reachable drug delivery 

location because of its high vascularization and 
permeability which enables the local and systemic drug 
absorption.5 The most recent developments in 
biomaterials and nanotechnology have expanded 
treatment options, such as tissue regeneration and 
infection prevention to a large extent.6 
The traditional methods of delivering drugs into the 
human body in dentistry like mouthwashes, gels, 
ointments and systemic drugs have a number of 
limitations that minimize their treatment efficacies. The 
dynamic nature of the oral environment is one of the 
greatest problems and this is marked by constant flow of 
saliva, enzymatic activity and mechanical derailment 
leading to rapid drug clearance and a short residence 
time.7 This restricts the retention of the drugs at the 
target site and decreases bioavailability. There is a 
tendency of poor concentration of the drugs at the 
diseased site and elevated chances of systemic side 
effects and toxicity due to the systemic administration of 
the drugs.8 Moreover, traditional systems are not 
specific, which means that drugs are not distributed in a 
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target manner and may destroy healthy tissues. The 
second and major shortcoming is that they fail to 
penetrate through the microbial biofilms that are 
generally linked to dental plaque and oral diseases.9 
High dosing schedules, lack of compliance among 
patients, and poor sensory properties also interfere with 
the treatment results. Also, conventional drug delivery 
methods cannot offer management of controlled and 
sustained drug release which is crucial in the 
management of chronic oral diseases like periodontitis 
and oral cancer.10 These disadvantages point to the 
necessity of better and more innovative strategies of 
drug delivery. 
Oral diseases, which have become more complicated 
and complex with the inability of traditional treatments 
to help, have made it necessary to create advanced drug 
delivery systems. The objectives of these systems are to 
enhance the stability of drugs, increase their 
bioavailability, targeted delivery, controlled and 
sustained release and reduced systemic exposure.11 The 
introduction of drug delivery systems based on 
nanotechnology has become a developing way to 
address the requirements because of its distinctive 
physicochemical characteristics. Polymers 
nanoparticles, liposomes, dendrimers, and metallic 
nanoparticles are examples of nanocarriers that increase 
the solubility, permeability, and retention in the target 
site of the drug.12 Such systems are also helpful in 
improving infiltration into biofilms and disease tissues, 
thus enhancing the therapeutic effect. In addition, 
superior delivery systems may be developed to react to 
particular stimuli like pH or enzymes which will permit 
site-specific drug delivery. Local drug delivery methods 
are especially beneficial in the field of dentistry as they 
allow putting drugs directly on the problem area, which 
leads to a greater local concentration of drugs and less 
systemic side effects. These are innovations that are 
revolutionizing the treatment of oral disease and 
enhancing the patient outcomes. To deliver the current 
overview of the current developments in the field of drug 
delivery systems targeting oral and dental diseases, this 
review will focus on nanotechnology-based systems and 
on local therapeutic methods. It explains the structure, 
processes and uses of the current drug delivery systems 
and points out the current trends and clinical 
implications in dental therapeutics. 
 
2. Oral Cavity as a Drug Delivery Site 
2.1 Anatomy and Physiology of the Oral Cavity 
The oral cavity is a complicated anatomical arrangement 
comprising of the lips, tongue, buccal mucosa, gingiva, 

and palate, all of which are involved in absorption and 
retention of drugs. It is lined with stratified squamous 
epithelium which differs in thickness and permeability 
at different areas.13 Saliva aids in drugs dissolution and 
transport because of the presence of a rich vascular 
network which facilitates rapid systemic absorption. 
Both local and systemic drug delivery applications can 
be made in the oral cavity because of these physiological 
properties it possesses.14 

 
2.2 Barriers to Drug Delivery (Saliva, Enzymes, 
Mucosa) 
The mouth cavity is, however, not an ideal drug delivery 
route because it has certain biological obstacles that 
reduce the delivery efficiency. The constant secretion of 
saliva causes drug dilution and fast clearance hence 
decreasing the retention time.15 The presence of 
enzymes in saliva may cause deterioration of the drug 
molecules which leads to their stability and action. The 
mucosal epithelium is also a protective barrier that limits 
the permeation of drugs and therefore it is hard to 
facilitate effective drug absorption without special 
systems of delivery.16 

 
2.3 Advantages of Oral and Localized Drug Delivery 
The mouth cavity has a number of benefits in drug 
delivery especially when used to treat localized oral 
diseases. Direct administration allows the drug to be 
delivered to the target site with a high concentration, 
lessening its exposure to the whole body and minimizing 
its side effects.17 Patient compliance is increased by the 
non-invasive and a conveniently accessible 
characteristic of this route. In addition, the improved 
systems like nanoparticulate carrier and controlled-
release systems enhance drug retention and therapeutic 
effectiveness in the oral tissues. 
 
2.4 Challenges in Oral Drug Delivery 
Nowadays, despite the considerable improvements, oral 
drug delivery continues to have a number of challenges 
which restrict its performance. Mechanical actions and 
salivary flow also constitute the dynamic oral 
environment which decreases the retention and 
bioavailability of drugs (Figure 1). Intermittency of 
mucosal permeability also increases difficulties in 
absorption of drugs. Moreover, conventional 
formulations are still hard to work with in terms of 
targeting and sustained delivery, which is why novel 
nanotechnology-based delivery systems should be 
developed to yield better therapeutic results.18 
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Figure 1. Oral Cavity Drug Delivery Overview 

 
3. Conventional Drug Delivery Systems in Dentistry 
3.1 Mouthwashes and Rinses 
One of the most widely used traditional drug delivery 
systems in dentistry is the mouthwashes and rinses that 
are used to maintain their oral hygiene and treat 
infections. Such recipes are normally full of 
antimicrobial agents, fluoride or antiseptics which are 
used to minimize plaque and microbial load. 
Nevertheless, they tend to be ineffective due to limited 
time of contact to the oral tissues because they are 
rapidly cleared by saliva and swallowing. This 
temporary effect minimizes the drug retention and 
restricts prolonged therapeutic effect of the oral cavity.19 

 
3.2 Gels, Ointments, and Pastes 
Local treatment of oral diseases is commonly employed 
using gels, ointments and pastes as these possess a semi-
solid form with improved adherence to mucosal surfaces 
than liquid preparations. The systems are widely used in 
the treatment of ulcers, infections and periodontal 
diseases. Nevertheless, they continue to have the 
disadvantages of having uneven distribution of drugs 
and low penetration into deep tissue despite better 
retention. Developments of nanotechnology-based 
formulations have been sampled to increase their 
therapeutic performance and drug delivery action.20 

 
3.3 Systemic Antibiotics and Analgesics 
The use of systemic administration of antibiotics and 
analgesics is often used in dentistry to treat serious 
infections, inflammation, and painkiller purposes. These 
medicines pass on through the blood into the 
unrecovered oral tissues, giving them widespread effect 
of therapy. Nevertheless, systemic administration 
usually leads to the low concentration of the drug in the 
target location and enhanced occurrence of adverse side 
effects. Besides, the long-term administration of 
antibiotics may also be a cause of the development of 
antimicrobial resistance, which explains the necessity to 
focus more on the methods of targeted delivery.21 

 
3.4 Limitations of Traditional Systems 
Conventional modes of administering drugs in the 
dentistry field are linked to a number of drawbacks that 
inhibit the achievement of the best therapeutic results. 
These are low drug retention, no site-specific targeting 
and controllable or sustained release. Moreover, most of 
the traditional systems do not infiltrate biofilms to a 
great extent, decreasing their antimicrobial capacity. To 
address these limitations nanomaterials and novel 
carriers have been researched including mesoporous 
silica nanoparticles.22,23 

 
Table 1. Conventional Drug Delivery Systems in Dentistry 
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System Type Key Features Advantages Limitations Key References 

Mouthwashes & 
Rinses 

Liquid formulations with 
antimicrobials/fluoride 

Easy to use, 
improves oral 
hygiene 

Short retention 
time, rapid 
clearance 

Liu et al.19 

Gels, Ointments & 
Pastes 

Semi-solid, mucoadhesive 
formulations 

Better adhesion, 
localized delivery 

Poor penetration, 
uneven distribution Elizabeth et al.20 

Systemic 
Antibiotics & 
Analgesics 

Drugs delivered via 
bloodstream 

Broad therapeutic 
action 

Low site 
specificity, 
systemic side 
effects, resistance 

Virlan et al.21 

Traditional 
Systems (Overall) 

Conventional delivery 
approaches 

Widely available, 
simple use 

Poor targeting, low 
retention, lack of 
controlled release, 
biofilm resistance 

Fang et al.22; 
Dogra et al.23 

 
4. Nanotechnology-Based Drug Delivery Systems 
4.1 Introduction to Nanotechnology in Dentistry 
Nanotechnology has simplified the delivery of drugs in 
dentistry, which allows accurate delivery, increases 
bioavailability, and controlled release of drugs. 
Nanomaterials have the advantage of having high 
surface area and increase in reactivity which are their 
properties and enable them to interact favorably with the 
biological tissues.24 Such systems have found a wide 
area of application in the treatment of oral cancer and 
infection control where local delivery is necessary. 
Moreover, nanotechnology provides some hopeful 
solutions in order to overcome the constraints that 
accompany the traditional drug delivery systems.25 

 
4.2 Types of Nanocarriers 
Nanocarriers refer to various networks that are used to 
enhance the efficiency of drug delivery and treatment of 
oral diseases. They use these carriers to deliver drugs in 
a targeted manner, prevent degradation of the drugs and 
increase their penetration into tissues and biofilms. 
Nanocarriers of different kinds have been created to be 
used in the field of dentistry and each has its own 
benefits depending on the therapeutic need. The choice 
of the suitable nanocarrier is influenced by parameters 
like drug characteristics, target location and the required 
release pattern.26 

 
4.2.1 Polymeric Nanoparticles 
Polymeric nanoparticles have been widely used in the 
delivery of dental drugs because of their 
biocompatibility, biodegradability and controlled 
delivery of drugs. Such systems have the ability to 
absorb a large variety of therapeutic agents and insulate 
against their degradation in the oral environment. Also, 
polymer-based nanoparticles have the potential to be 
targeted in delivery and better retention at the site of 
disease thus making them very effective in treating 
infections and inflammatory diseases.27 

 
4.2.2 Liposomes and Micelles 
The lipid-based nanocarriers such as liposomes and 
micelles can be used to increase drug solubility and 
bioavailability, especially to hydrophobic drugs. These 
systems have the capability of being able to incorporate 

hydrophilic and lipophilic drugs, and this gives them 
flexibility in designing the formulation. Their structural 
similarity to the biological membranes gives them an 
opportunity to easily interact with oral tissues to enhance 
drug penetration and retention. Liposomal systems are 
also promising in use in the transbuccal drug delivery 
device, particularly in patients who demand therapy 
which is not invasive.28 

 
4.2.3 Dendrimers 
Dendrimers are highly branched tree-like nanostructures 
with an architecture and a functional group on the 
surfaces. These properties enable the capacity to load a 
large amount of drug and have a high degree of control 
over release. Dendrimers are also designed to be targeted 
to deliver them and enhance interaction with biological 
membranes. They can be used in any dental application 
because of their versatility, which allows application in 
antibiotic therapy or tissue regeneration. 
 
4.2.4 Metallic Nanoparticles (Silver, Gold) 
Among other things silver and gold nanoparticles, which 
are metallic nanoparticles have attracted a lot of 
attention in the field of dentistry because of their 
antimicrobial and anti-inflammatory effects. The 
nanoparticles have the capacity to prevent the 
proliferation of oral pathogens and break biofilms, thus, 
becoming useful in the management of dental 
infections.29 Also, metallic nanoparticles may be 
targeted to deliver drug as they provide increased 
therapeutic effect and reduced adverse effects. 
 
4.2.5 Mesoporous Silica Nanoparticles 
Mesoporous silica nanoparticles are described by high 
ordering and structure of pores and large surface area of 
particles which enable them to be highly drug-loaded 
and release drugs under controlled conditions. The 
systems can be functionalized towards desired delivery 
and stimuli-responsive behavior.30 They can be 
especially helpful in the treatment of oral diseases, such 
as infections and cancer, due to their efficiency to deliver 
drugs to a certain location. 
 
4.3 Smart and Stimuli-Responsive Nanocarriers 
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Smart nanocarriers can be triggered to react to a certain 
stimulus, including pH, temperature, or enzymatic 
activity. The systems make them release drugs in a site-
specific manner, enhancing the precision of therapeutic 
action and reducing the side effects. Stimuli responsive 
systems are specifically useful in oral diseases, where 
local environmental conditions can be used to deliver the 
drugs in controlled delivery. This innovative system 
leads to the achievement of better treatment results and 
the individual approach to the treatment process.31 

 
4.4 Advantages of Nanotechnology in Oral 
Applications 

Based on nanotechnology, there are many benefits of 
drug delivery systems in oral healthcare and this 
includes improved stability of the drug, increased 
bioavailability as well as targeted delivery. These 
systems are able to enter the biofilms and deeper tissues 
which enhance the therapeutic efficiency. Moreover, 
they allow the release of drugs in a sustained and 
controlled form, which leads to a decrease in dosing rate 
and increases patient adherence (Figure 2). The adoption 
of nanotechnology in dental therapies has greatly 
contributed to the treatment of oral diseases and it is still 
providing novel methods of clinical use. 

 

 
Figure 2. Nanotechnology-Based Drug Delivery Systems in Dentistry 

 
5. Local Drug Delivery Systems in Dentistry 
5.1 Concept and Principles of Site-Specific Drug 
Delivery 
Dental local drug delivery systems are specifically 
aimed at administering therapeutic agents straight to 
diseased oral tissues and hence a greater concentration 
of the drug to the target region and a reduced systemic 
exposure. Such a localized intervention has a 
tremendously high level of therapeutic performance, 
particularly in periodontitis and oral infections. The 
recent developments of drug delivery platforms have 
highlighted the ability of nanotechnology-based 
therapeutic to precisely target and enhance drug 
retention in the oral tissue because of its application in 
oral tissues as seen in current developments.32 Moreover, 
nanotechnology has provided new dimensions to 
localized delivery systems due to the integration of 
nanotechnology in healthcare providing improved 
control over drug release as well as better clinical 
outcomes.33 

 
5.2 Mucoadhesive, Hydrogel, and Transmucosal 
Delivery Systems 
Mucoadhesive drug delivery systems are extremely vital 
in increasing the residence time of the drug by sticking 

to the mucosal surfaces of the oral cavity thus increasing 
the absorption rates and therapeutic efficacy. Systems of 
nanoparticles made of polymers have demonstrated 
considerable potential to enhance adhesion and provide 
long-term contact of drugs at the place of application.34 
Hydrogels and in situ geling systems are also a 
contribution to this since they provide a moist, 
biocompatible environment in which the controlled 
release of drugs can occur. Also, responsive smart 
nanoparticle systems are able to respond to 
environmental cues to increase drug release and improve 
accuracy and efficiency.35 The incorporation of 
transbuccal and sublingual routes of delivery can also be 
easily absorbed avoiding the hepatic first-pass 
metabolism. 
 
5.3 Advanced Carriers and Controlled Release 
Mechanisms 
Sophisticated systems of drug delivery like 
microspheres, nanofibers, and nanoparticle-based have 
transformed local therapy in dentistry because it 
provides controlled and sustained drug delivery. The 
therapeutic drugs are held at their appropriate levels 
through these systems over a long duration of time, 
eliminating the requirement to give them often and 
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enhancing patient adherence. Notably, carriers 
developed using nanotechnology have been shown to 
have an improved penetration of microbial biofilms that 
are usually not responsive to standard therapies and 
thereby antimicrobial therapy is enhanced in dental 

disease.36 Smart and stimuli-responsive mechanisms 
also enable site-specific drug release that improved the 
treatment outcomes of chronic and complex oral 
diseases. 

 
Table 2. Local Drug Delivery Systems in Dentistry 

System Type Key Features Advantages Limitations/Challenges Key References 

Site-Specific Drug 
Delivery 

Direct drug 
delivery to 
affected oral 
tissues 

High local 
concentration, 
reduced systemic 
effects 

Requires precise targeting and 
formulation design Chopra et al.32 

Mucoadhesive, 
Hydrogel & 
Transmucosal 
Systems 

Adhesion to 
mucosa; controlled 
release matrices 

Prolonged 
retention, 
improved 
absorption, non-
invasive delivery 

Variability in adhesion and drug 
release control 

34Chaves et al. 

Advanced Carriers 
& Controlled 
Release Systems 

Nanoparticles, 
microspheres, 
nanofibers 

Sustained release, 
biofilm 
penetration, 
enhanced efficacy 

Complexity in design, potential 
stability issues 

Dos Santos 
Ramos et al.36  

 
6. Applications in Oral and Dental Diseases 
6.1 Dental Caries, Periodontal Diseases, and Oral 
Infections 
Drug delivery systems engineered through 
nanotechnology have greatly contributed towards better 
management of dental caries, periodontal diseases and 
oral infections due to increased penetration and retention 
of the drug at the target site. Nano-carriers can be used 
to deliver remineralizing and antimicrobial agents to the 
dental caries in a targeted manner which increases the 
therapeutic effects in studies conducted on nano-based 
anesthetic delivery.37 On the same note, localized 
delivery is effective in reducing inflammation and 
bacterial load in periodontal diseases. Such systems also 
increase biofilm penetration, and thus resistance 
mechanisms that are usually witnessed in oral infections 
are overcome. 
6.2 Oral Cancer and Advanced Therapeutic 
Approaches 
Nanotechnology has become one of the hopeful 
approaches to the oral cancer treatment by providing an 
opportunity to deliver drugs specifically to tumor and to 
minimize side effects of the treatment. Systems based on 
nanoparticles can accumulate exclusively in tumor 
tissues, enhance therapeutic efficacy, which is 
emphasized in the study of bone-targeted nanoparticles 
that can be used to deliver diseases-specifically.38 
Moreover, new technologies like nanorobots provide 
accurate way of targeting and controlled drug delivery, 
which is a novel cancer delivery method, and research 
shows that it can be applied in oncology and dental 
practice.39 

 
6.3 Pain Management and Emerging Dental 
Applications 
The nano-based drug delivery systems have made a huge 
impact in the field of pain management in dentistry by 
enabling controlled and sustained delivery of local 
anesthetics. These systems improve the efficacy of drugs 
and extend the analgesic time, decreasing the number of 
times an individual must take a drug, as it was found out 
in recent nanotechnology-based research. Furthermore, 
nanotechnological materials are under investigation to 
be used in multifunctional dental uses, such as 
antimicrobial dents, and restorative (dentists) signifying 
their increased significance in contemporary dental 
therapy.40 

 
6.4 Bone Regeneration, TMJ Disorders, and Tissue 
Engineering 
Nanotechnology is important in bone regeneration and 
tissue engineering in dentistry because it can be used to 
increase the delivery of bioactive agents to the affected 
areas. The nanoparticles with bone targets enhance 
personalized therapy and regeneration of periodontal 
defects and TMJ disorders, which are confirmed by the 
recent progress in the targeted delivery systems (Figure 
3). Moreover, hapoxyapatite nanostructured 
hydroxyapatites that resemble natural bone structure 
have proven to have high potential in tissue regeneration 
support and controlled drug release in the dental field in 
addition to controlled drug delivery.41 
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Figure 3. Nanotechnology Applications in Oral & Dental Diseases 

 
7. Advanced Materials in Drug Delivery 
7.1 Hydrogels and Polymer-Based Systems 
The polymer-based systems and hydrogels have become 
one of the most effective materials in the field of drug 
delivery because they are biocompatible, contain a lot of 
water, and replicate the nature of tissues. Those systems 
create three-dimensional ringtones to encapsulate drugs 
and allow their release under controlled conditions over 
prolonged durations, the major characteristic 
emphasized in the field of nanostructured delivery 
innovations.42 Their adjustable mechanical and chemical 
properties enable them to be tailored within the dental 
needs such as wound healing and periodontal therapy 
thus enhancing overall therapeutic effectiveness. 
 
7.2 Chitosan and Polysaccharide-Based Systems 
Polysaccharides based systems, in particular chitosan, 
have been of interest because of their biodegradability, 
mucoadhesivity and naturally antimicrobial properties. 
Such materials increase oral cavity retention of drugs to 
better local therapeutic effects due to interaction with 
mucosal surfaces. Specifically, chitosan nanoparticles 
have shown a great promise in targeted therapy 
particularly in the treatment of oral cancer whereby 
localized and controlled delivery is fundamental.43 This 
renders them very appropriate in the high-level of dental 
medication delivery. 
 

7.3 Nanostructured Hydroxyapatite 
Nano-hydroxyapatite finds extensive dental application 
due to its resemblance to the natural mineral structure of 
the bones and teeth. It has high surface area that 
facilitates the effective drug loading and prolonged 
release and promotes tissue regeneration and therapeutic 
delivery. The efficiency of these materials is strongly 
associated with the nanoparticle physicochemical 
characteristics size, surface charge, and morphology 
which play an important role in biological interaction 
and drug release characteristics.44 These properties 
render hydroxyapatite very useful in the regenerative 
dentistry. 
 
7.4 Bioactive and Smart Materials 
Bioactive and smart materials can be defined as another 
step of such systems that can be triggered by the 
environmental stimulus, including pH, temperature, or 
enzymatic activity. These substances allow accuracy and 
site-specific drug release, which enhance the treatment 
results of oral diseases. Their capacity to merge 
therapeutic and regenerative capabilities has proved 
useful especially in the treatment of oral bacterial 
infections where specific nanostructures increase the 
antimicrobial activity and minimise the disease 
development.45 The future of the personalized dental 
therapeutics is being formed by such responsive 
systems. 

 
Table 3. Advanced Materials in Drug Delivery 

Material Type Key Features Advantages Applications in 
Dentistry Key Reference(s) 

Hydrogels & 
Polymer-Based 
Systems 

3D networks, high 
water content, 
tunable properties 

Controlled release, 
biocompatibility, tissue 
mimicry 

Wound healing, 
periodontal therapy 

Aberoumandi et 
al.42 
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Chitosan & 
Polysaccharide 
Systems 

Biodegradable, 
mucoadhesive, 
antimicrobial 

Enhanced retention, 
targeted delivery 

Oral cancer 
therapy, infection 
control 

Kumar et al.43 

Nanostructured 
Hydroxyapatite 

Bone-like 
composition, high 
surface area 

Drug loading, tissue 
regeneration 

Bone repair, 
implant coatings Yusuf et al.44 

Bioactive & Smart 
Materials 

Stimuli-responsive 
(pH, enzymes, 
temperature) 

Site-specific delivery, 
multifunctionality 

Antimicrobial 
therapy, 
regenerative 
dentistry 

Afrasiabi et al.45 

8. Clinical Applications and Translational Aspects 
8.1 Current Clinical Use of Drug Delivery Systems 
The use of drug delivery systems in the clinical dental 
practice has continued to grow in the management of 
different oral diseases such as caries, infections, and 
cancer. More sophisticated nanoparticles-based systems 
are currently being applied to improve the level of 
precision and efficacy in therapeutic applications. 
Indicatively, recent advancements in 3D printing have 
been coupled with nanotechnology that has facilitated 
production of patient-specific drug delivery systems.46 It 
is also noted that new nanocarrier-based applications are 
integrated in the dental caries therapy, where the drugs 
are better retained and delivered to the affected tissues.47 
 
8.2 Personalized and Targeted Therapy 
Individualized and personalized therapy is a major 
improvement in the area of dental drug delivery, 
whereby treatments are programmed to meet specific 
conditions and disease characteristics of individual 
patients. Nanotechnology systems have been 
demonstrated to have potency to deliver drugs to 
diseased tissues selectively using chitosan nanoparticles, 
which improves therapeutic outcomes and minimizes 
systemic side effects.48 In addition, nanodentistry is 
using polymicellar drug delivery systems to treat oral 
cancers that require accuracy and control release in 
effective treatment.49 
 
8.3 Integration with Dental Practice 

The introduction of the sophisticated drug delivery 
systems into everyday dental practice has revolutionized 
the approaches to the treatment through increased 
efficiency and minimized invasiveness. The systems of 
nanostructures and other modern delivery methods 
permit clinicians to deliver drugs more efficiently and 
with extended therapeutic effects. The systems also 
favor multidisciplinary therapies which are a 
comprehensive mix of restorative, surgical, and 
pharmacological therapies. Recent developments in 
nanostructured drug delivery technology have also 
helped in promoting their use in clinical practice with an 
enhanced treatment option in a variety of oral and 
maxillofacial diseases.50 
 
8.4 Patient Compliance and Safety 
The success of dental treatments is dependent on 
compliance and safety of patients. The high drug 
delivery systems enhance compliance by lowering the 
number of times the drug is taken and reducing the 
discomfort by having controlled and sustained drug 
release systems (Figure 4). Safety is increased further by 
the application of biocompatible and biodegradable 
materials that lower the reactions. The development of 
new innovations like personalized delivery system and 
targeted nanocarriers do not only enhance better 
treatment outcomes, but also make treatment methods 
safer and adapted to patients, thus contributing to the 
long-term dental care success. 
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Figure 4. Clinical Drug Delivery in Dentistry 

9. Challenges and Limitations 
Although nanotechnology has greatly changed the drug 
delivery system in both oral and dental diseases, there 
are still a number of challenges and limitations in the 
application of nanotechnology-based products into 
clinical practice. Among the major ones is the 
biocompatibility and possible toxicity since 
nanoparticles may react in unpredictable fashion in 
biological systems which results in adverse cells or 
systemic effects. Research has noted that although 
nanoparticle-based systems enhance therapeutic 
effectiveness, their toxicity profile has not been well 
studied in the long term, particularly in repeated or high 
dose therapy.51 This requires high standards of testing 
material composition, size, and surface properties in 
order to become safely used in clinical practice. 
The other limitation that is important is concerned with 
stability and drug loading efficiency. The most common 
concerns associated with the numerous sophisticated 
drug delivery systems include early drug leaching, 
degrading under oral conditions, and low loading 
capacity, which may affect the success rate of the used 
therapeutic agent. The many intricate and dynamic 
environments of the oral cavity, such as changes in pH, 
enzyme activity, and salivary flow, also make these 
systems more challenging. Stable release profiles of 
drugs and preservation of formulations during extended 
storage periods is a challenge of considerable technical 
difficulty in the creation of dependable delivery 
platforms. 
Ethical and regulatory factors are also important in 
inhibiting the application of such technologies to the 
laboratory to clinical practice. The absence of uniform 
guidelines on the assessment of nanomaterials together 
with the difficulty of their interactions in the biological 
systems provides ambiguity in the regulatory approval 
procedures. Ethical considerations about long-term 
safety, possible toxicity, and environmental impact 

should also be considered and then the implementation 
can be offered to the masses. They are the cause of 
delays in commercialization and clinical integration of 
advanced drug delivery systems. 
Besides, cost and scalability continue to be primary 
obstacles to the useful implementation of these 
technologies. Production is usually expensive because 
the synthesis and characterization of nanomaterials may 
demand complex processes and expensive equipment. 
This may restrict access especially in low-resource 
environments. Moreover, it is a big problem to 
manufacturers to scale up production and at the same 
time sustain consistency and quality. These 
shortcomings are needed to be addressed so that 
advanced drug delivery systems can be not only 
economical, but also common in the modern dental 
healthcare. 
 
10. Future Perspectives and Emerging Trends 
Drug delivery in the dental field is a rapidly developing 
area, and the new technologies present a transformative 
power of diagnosis, treatment, and prevention of oral 
diseases. Nanorobotics is one of the most promising 
technologies with nanoscale machines being made to 
carry out specific therapeutic roles, such as delivering 
drugs to a specific target region and repairing tissue. 
Such nanorobots can transform the way that dental care 
is provided because they allow the minimally invasive 
nature of the treatment and the ability to treat conditions, 
including dental caries, periodontal diseases, and oral 
cancer, with high accuracy. 
Besides nanorobotics, dental treatments are becoming 
insanely personalized with the combination of 3D 
printing and drug delivery system. Using this technology 
it is possible to create patient-specific devices of drug 
delivery, implants and scaffolds that fit the specific 
anatomical structures of the individual. This type of 
customization increases the retention of the drug, its 
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controlled release, and its general effectiveness in 
therapy, which is why it is a useful technique in 
contemporary dental medicine. 
There is also the development of artificial intelligence 
(AI) as an effective technique in streamlining drug 
delivery systems. AI could help to develop an individual 
treatment plan, forecast the course of the disease, and 
maximize the use of medicines, as it is possible to study 
patient-specific data. Artificial intelligence devices can 
be used to assist clinicians in the dentistry field to choose 
the best drug delivery modality and follow-up treatment 
outcomes in real time to enhance the accuracy of 
treatment choices and patient outcomes. Moreover, the 
emergence of combinatorial therapy and multifunctional 
drug delivery systems is also an important milestone in 
the management of complicated oral diseases. The aim 
of these systems is to administer several therapeutic 
agents at the same time and target different disease 
pathology. Multidrug-carrying nanoparticle can also 
incorporate diagnostic and therapeutic properties, which 
allows the use of theranostics. Together, all these 
innovations demonstrate the future of dental drug 
delivery systems and how they can help a lot to enhance 
patient care and clinical efficacy. 
 
11. Conclusion 
The study identifies that there is a considerable 
advancement in the system of delivery of drugs in the 
treatment of oral and dental diseases, especially the shift 
of the traditional formulations to the sophisticated 
nanotechnology-based systems. One of the findings is 
that the conventional systems like mouthwashes, gels, 
and systemic based therapies have poor retention levels, 
are not targeted, and lack bioavailability which lowers 
the overall therapeutic effect of the system. Conversely, 
nanoparticles, liposomes, dendrimers, smart carriers, 
and other systems made using nanotechnology can 
provide better drug stability, targeted delivery, and 
controlled release and thus improve the outcome of the 
treatment. The other notable consideration is the 
increased susceptibility of local drug delivery systems, 
which helps to create a local effect on the site at low 
systemic side effects. Additional materials that can be 
used in the development of superior drug delivery 
systems, tissue regeneration, and antimicrobial effects 
include advanced materials like hydrogels, chitosan-
systems, and nanostructured hydroxyapatite. As used in 
the clinical practice, it has been shown that such 
innovations are specifically useful in the dental caries, 
periodontal diseases, oral infections, and oral cancer. 
Although these developments have taken place, issues of 
toxicity, stability, regulatory approval and cost are key 
obstacles to large-scale clinical translation. 
Nanorobotics, AI-based systems, and customized drug 
delivery platforms become the new trends of the future 
and are likely to add new layers of revolution to the field 
of dental therapeutics. In general, nanotechnology and 
state-of-the-art materials have enormous potential in 
enhancing accuracy, effectiveness, and patient results in 
the field of oral healthcare. 
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