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The field of drug delivery in dental care has witnessed significant advancements in recent years 

toward more effective and patient friendly treatment options. Novel drug delivery methods have been 

focused on improving the delivery of therapeutic agents in the oral cavity, enhancing treatment 

outcomes, and reducing the risk of oral infections, inflammation, and other complications associated 

with traditional treatment methods. Various types of novel drug delivery systems, including 

nanoparticles, liposomes, and hydrogels have been introduced in the field of dental care and 

periodontal disease. These delivery systems can target specific oral tissues, provide sustained and 

controlled release of therapeutic agents, improve bioavailability. Furthermore, they have shown 

significant potential in preclinical and clinical studies for the treatment of various dental conditions. 

This article provides an overview of recent advancements in the use of novel drug delivery systems 

in different fields of dental care and pathologic conditions of the oral cavity including periodontitis, 

oral carcinomas, oral candidiasis, xerostomia, aphthous stomatitis, lichen planus, and oral mucositis. 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

* Corresponding Authors: 

Marjan Daeihamed, (MD) 
Address: Department of Pharmaceutics, School of Pharmacy, Guilan University of Medical Sciences, Rasht, Iran 

Tel: +989126201245 

E-mail: Marjandaeihamed@yahoo.com 
2 

October 2023. Vol 29. Issue 1 

 

 

Citation: Faghih Akhlaghi M, Daeihamed M. Novel Drug Delivery Systems in Dentistry: Applications in Periodontal 

and Oral Mucosal Diseases. Journal of Dentomaxillofacial Radiology, Pathology and Surgery. 2024; 13(4): 42-51 

https://doi.org/10.22034/3DJ.13.4.42 

http://orcid.org/0009-0005-9120-5697
http://orcid.org/0009-0005-9120-5697
https://doi.org/10.22034/3DJ.13.4.42


  

 

 

 
  

Faghih Akhlaghi M, et al. Novel Drug Delivery Systems in Dentistry: Applications in Periodontal and Oral Mucosal Diseases. Journal of Dentomaxillofacial Radiology, Pathology and Surgery. 2024; 13(4):42-51 

 

43 

  

1. Introduction  

ral health is an essential part of people's 

quality of life and is an important item 

considered in the general health. Any 

discomfort or pathologic conditions in 

the oral cavity can highly affect daily functions of a 

person (like eating, tasting, and smiling), and also 

their emotional and social quality of life (1). 

Although most oral diseases are preventable, they are 

chronic and very prevalent and cause a lot of direct 

and indirect costs for people and health care system. 

Periodontitis, oral carcinomas, oral candidiasis, 

xerostomia, aphthous stomatitis, lichen planus, and 

oral mucositis are among the most common 

pathologic conditions in the oral cavity (2, 3).  

Depending on the type and state of each pathologic 

condition, different treatment options and drug 

delivery systems have been developed and in most 

cases local delivery of the therapeutic agent is 

preferred to reduce systemic side effects. Although 

conventional local drug delivery systems such as 

oral gels, buccal tablets, and lozenges provide 

acceptable delivery of active agents, drawbacks 

such as short residence time at the site of action, low 

bioavailability, variations in oral conditions, 

accidental swallowing and possibility of side effects 

have limited their efficacy. In recent years, novel 

and nanostructured drug delivery systems have 

increasingly attracted the attention of researchers as 

a means of treatment for oral diseases because of 

their ability to provide higher drug absorption from 

oral mucosa, efficient drug targeting, reduced 

systemic toxicity, and higher patient compliance. 

Therefore, there is a demand for development of 

novel and more efficient drug delivery systems (4). 

In recent years, a wide range of novel DDSs have 

been developed and proven to be advantageous in 

managing pathologic oral and dental conditions. 

These novel delivery systems have shown higher 

drug absorption, efficient drug targeting, reduced 

systemic toxicity, and higher patient compliance, 

and represent an efficient alternative for delivery of 

therapeutic agents in oral cavity (4, 5). 

This article presents a general review of different 

types of novel drug delivery systems investigated in 

the field of dental and oral care. Publications from 

the last 10 years investigating novel DDSs for oral 

conditions were browsed in a systematic search 

using the PubMed/MEDLINE, Web of Science, and 

Scopus databases. Studies investigating the 

applications of buccal mucoadhesive films, 

polymeric nanoparticles, electrospun nanofibers, 

liposomes, hydrogels and other novel and 

nanostructured drug delivery systems in different 

oral complications including periodontitis, peri-

implantitis, oral carcinomas, oral candidiasis, oral 

mucositis and other conditions are summarized in 

the following sections. 

The main drug delivery approach in the oral cavity 

is local treatments. Even in conditions such as oral 

cancers, where systemic administration of 

chemotherapy or immunotherapy is required, drug 

concentrations are often significantly reduced due to 

systemic dilution (6). 

The oral and maxillofacial regions have some 

unique anatomical and histologic properties that 

pose challenges in drug delivery and treatment. 

Dynamic changes in the oral environment, complex 

anatomical structure, the diversity of the oral 

microbiome and presence of digestive enzymes are 

some of these challenges that limit efficient delivery 

of therapeutic agents.  

The oral cavity is situated at the entrance of the 

respiratory and digestive tracts and poses significant 

environmental fluctuations influenced by dietary 

habits and gas exchange. There is a wide range of 

variations in temperature and humidity levels in the 

oral cavity. The oral temperature can change from 

the ambient temperature during respiration to about 

37–40 degrees Celsius during food ingestion. 

Additionally, the humidity within the oral cavity 

typically falls within the range of 30–50%, which 

may vary due to the secretion of saliva. The 

residence time of drug delivery systems in the oral 

cavity is usually very short due to mechanical 

abrasion and dilution during mastication (7, 8). 

There are complex anatomical structures with 

diverse tissues and muscles in the oral and 

maxillofacial region which have vital physiological 

and social functions, including speaking, chewing, 

and facial expression (9). Nonetheless, the oral 

cavity harbors distinct types of stem cells and a 

keratinized layer that effectively protects the 

underlying tissues. These protective barriers also 

inhibit the penetration of therapeutic molecules 

across the oral mucosa to systemic blood 

O 
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circulation. Furthermore, the highly enzymatic 

environment of the oral cavity acts as a metabolic 

barrier and could have negative effects on the 

bioavailability of active agents (10, 11). 

Rapid elimination of drugs due to the flushing 

action of saliva or the ingestion of food, the non-

uniform distribution of drugs within saliva after 

release from buccal tablets and lozenges, and patient 

compliance in terms of taste are major problems 

associated with drug therapy within the oral cavity. 

Novel drug delivery systems can enhance drug 

residence time and permeation in the oral cavity. 

These platforms offer distinct advantages that help 

overcome complex therapeutic barriers and improve 

the overall efficacy of drug delivery (12). 

Conventional systemic treatments generally result 

in low accumulation in desired sites and require high 

amounts of active agents, which could lead to a 

higher probability of side effects and systemic 

toxicity. Targeted systemic DDSs could resolve 

these drawbacks; however, preparing efficient 

targeted systems faces significant complexity. 

Novel drug delivery systems such as 

mucoadhesive gels, films, and patches allow for 

localized and sustained release of active 

ingredients—such as antibiotics, anti-inflammatory 

agents, and analgesics—directly to oral tissues. 

These systems facilitate targeted and efficient 

treatment of dental conditions such as periodontitis 

and dental caries, and also enable effective 

management of oral mucosal diseases including oral 

lichen planus and recurrent aphthous ulcers, thereby 

improving symptom control and enhancing patient 

comfort (13). Additionally, these novel drug 

delivery systems can be further classified into 

various categories, including nanotechnology-based 

approaches, such as nanoparticles that can be 

engineered to target specific cells or tissues in the 

oral cavity, ensuring optimal drug delivery and 

reducing the risk of adverse effects associated with 

systemic administration, and also hybrid systems 

that combine different materials and technologies, 

enabling the creation of personalized treatment 

plans tailored to individual patient needs and 

preferences. Furthermore, novel drug delivery 

systems incorporating bioresponsive materials—

capable of detecting and responding to specific 

biological stimuli—have enabled the development 

of "smart" platforms that can adapt to changing 

physiological conditions, thereby optimizing drug 

release and enhancing therapeutic outcomes. The 

integration of bioresponsive materials, such as pH-

sensitive polymers and temperature-sensitive 

liposomes, has been shown to significantly improve 

the efficacy and safety of various dental treatments, 

particularly in the management of oral infections, 

where the bioresponsive materials can detect 

changes in the physiological environment and 

release therapeutic agents in a controlled and 

targeted manner, thereby reducing the risk of side 

effects and improving treatment outcomes (13-15). 

Mucoadhesive buccal films are retentive dosage 

forms that release the drug directly into the site of 

action. Mucoadhesive buccal films are one of the 

most common types of novel drug delivery systems 

because they possess appropriate physical 

properties to treat oral conditions and the main 

method of preparing films, film casting, is an easy 

and low-cost process. These films have shown high 

patient compliance due to their small size and 

reduced thickness, compared to conventional 

dosage forms like lozenges and tablets (16).  

Buccal films have been proposed for local 

treatment of different oral lesions. They have been 

used for delivery of various drugs or natural, plant-

based extracts for anti-inflammatory and healing 

purposes (17). Buccal films can be formulated using 

different polymers either individually or in 

combination to obtain the required drug release 

profile (16, 17). 

Some studies have shown in vivo and clinical 

efficacy in oral lesions. Enin et al. (2017) (18) 

prepared a novel double-layer buccal films 

consisting of HPMC, chitosan and sodium alginate 

and containing lidocaine hydrochloride and 

diclofenac potassium. They used nanoemulsion 

technique to mask the bitter taste of diclofenac. The 

prepared formulation exposed a strong anti-

inflammatory effect from 61 to 87% inhibition with 

a strong analgesic effect when compared to simple 

drugs. The clinical study revealed that films were 

accepted by the patients, and the presence of 

lidocaine on the outer side helped in reduction of 

pain and diclofenac in the inner side helped in 

relieving the inflammation. 

In a study conducted by Shao and Zhou (19), the 
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clinical effects of an oral mucosal film containing 

chitosan in treating recurrent aphthous stomatitis 

was evaluated through a randomized double blind 

clinical trial. The prepared buccal film was more 

effective than placebo in reducing the pain and ulcer 

size, and in accelerating the healing process. The 

results revealed that oral mucoadhesive films 

containing chitosan can be a promising alternative 

for both drug delivery and wound healing effect. 

Gajdošová et al. (20) also introduced bilayer 

mucoadhesive buccal films containing ciclopirox 

olamine for treating oral candidiasis. They used poly 

(ethylene oxide) and Eudragit polymers to prolong 

drug release, and the effectiveness of the films was 

evaluated both in vitro and in vivo using rabbits. the 

ex vivo studies revealed that ciclopirox olamine 

does not pass through the porcine buccal tissue and 

accumulates in the tissue which would be helpful in 

treating local lesions. All rabbits with stomatitis 

showed progressive healing after the treatment with 

the prepared buccal films without organ 

pathologies. 

Electrospun nanofiber mats are one of the most 

favorable novel drug delivery systems in pathogenic 

oral conditions. These nanofiber mats consist of 50-

1000 nm sized fibres having large surface area, high 

porosity, small pore size, and low density. They can 

provide immediate, sustained, or responsive release 

of the entrapped drug. Different polymers can be 

used in preparation of nanofibers including 

biodegradable hydrophilic polymers, hydrophobic 

polymers and amphiphilic polymers, and they can 

be designed to be mucoadhesive using 

mucuadhesive polymers like chitosan (CS). The 

preparation method of nanofibers is usually flexible, 

cost-effective and easy to be scaled up (21, 22).  

Electrospun nanofibers have been used widely for 

periodontitis because they can be designed to be 

biocompatible and biodegradable, completely fill 

the pockets, and have strong retention on the target 

site due to excellent mucoadhesion properties (5). 

Chaturvedi et al. (23) evaluated the clinical efficacy 

of adding doxycycline-loaded nanofibers to the 

process of scaling and root planning in patients with 

chronic periodontitis. They reported sustained 

release of drug for up to 11 days and significant 

benefits compared to control group. Deepak et al. 

(24) used the electrospinning technique to prepare 

nanofibers enriched with layers of nanometric 

hydroxyapatite as a reinforcing filler and silver-

metronidazole as periodontal pocket disinfectant. 

The in vitro and in vivo animal studies showed that 

broad-spectrum antimicrobial activity of the metal 

complex and the potential of biomimetic nano-

hydroxyapatite for filling periodontal defects, 

alongside its compatibility, made this formulation a 

promising approach for treatment of periodontitis. 

Khan et al. (25) prepared tinidazole-loaded 

biodegradable chitosan/poly (ε-caprolactone) 

mucoadhesive nanofibers for treatment of 

periodontitis. The prepared formulation could 

sustain the drug release up to 18 days, and inhibited 

bacterial growth in vitro. Moreover, preliminary 

clinical studies on patients revealed a significant 

decrease in clinical markers of periodontitis. 

Samprasit et al. worked on the application of 

nanofiber mats for prevention of dental caries in 

their studies (26, 27). They proposed thiolated 

chitosan-based nanofibers for delivery of α-

Mangostin (27) and Garcinia mangostana extract 

(26) for prevention of dental caries. The results 

suggested that the prepared mats have 

mucoadhesive properties and are useful to maintain 

oral hygiene by reducing the bacterial growth that 

causes the dental caries. 

Nanofiber mats were used for treatment of other 

oral complications like oral candidiasis, xerostoma, 

and lichen planus as well. Tonglairoum et al. (28) 

prepared clotrimazole sandwich nanofibers for oral 

candidiasis. They reported significantly faster 

antifungal effects on Candida than the commercial 

lozenges while they were safe after 2 h incubation.  

A localized nanofiber formulation of pilocarpine 

was suggested by Muthumariappan et al. (29), 

targeting the salivary glands to overcome the 

limitations of existing pilocarpine formulations like 

its adverse side effects and multiple daily dosing. 

The results showed that salivary secretion was 

significantly increased 4.5 h after intradermal 

treatment with drug-loaded nanofibers in vivo.  

Colley et al. (30) prepared clobetasol incorporated 

nanofibers and suggested the formulation for 

treatment of oral lichen planus and recurrent 

aphthous stomatitis as it can successfully release the 

drug and showed proper adherence to mucosal 
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tissue without causing tissue damage in vivo. 

Nanofiber mats were also proposed for treatment 

of oral carcinomas. Will et al. (31) examined the 

potentials of local treatment with diclofenac loaded 

in electrospun nanofibers made from poly(D,L-

lactide-co-glycolide) polymer. Diclofenac was 

chosen as a cyclooxygenase inhibitor because this 

class of drugs have shown great potential in their 

ability to directly inhibit tumor growth as well as 

suppressing inflammation-mediated tumor growth. 

The formulation was tested on the mouse resection 

model of oral carcinoma and the results showed 

89% survival rate in this group compared to survival 

rates of 10%-25% in control groups. 

Polymeric nanoparticles with a diameter range of 

1 to 1000 nm can encapsulate the therapeutic agents 

or form chemical bonds with them (32). These 

particles can improve the physicochemical and 

pharmacologic properties of drug molecules, and 

deliver the active agents to the site of action. Hence, 

they can provide higher therapeutic efficacy with 

lower side effects and are good candidates for 

treatment of oral complications. 

Nanoparticles have been proposed for treatment of 

different oral pathologies including periodontitis, 

malignancies, mucositis, and delivery of 

antibacterial and antifungal agents. Yao et al. (33) 

reported proper maintenance of minocycline in 

periodontal pocket after encapsulation into RGD-

peptide conjugated nanoparticles. The prepared 

nanoparticles demonstrated significantly better anti-

periodontitis effects compared to control. In another 

study conducted by Pramod and coworkers (34), 

eugenol-loaded nanocapsules could successfully 

prevent septal bone resorption in ligature-induced 

periodontitis model in rats. Lin et al. (35) also 

prepared nanospheres encapsulating metronidazole, 

an antibiotic, and N-phenacylthiazolium bromide, a 

host modulator, for treating periodontitis. The 

prepared nanoparticles could significantly reduce 

inflammation and increase collagen deposition 

relative to control groups. 

Nanoparticles have shown great efficacy in cancer 

treatment due to their unique properties. Different 

types of nanoparticles have been proposed for 

delivery of various anticancer agents including 

doxorubicin (36), curcumin (37), TH287 (a MTH1 

inhibitor) (38), all-trans retinoic acid (39), and Cu-

carboxylate complexes (40) in treatment of oral 

malignancies. The results of these studies have 

shown higher cellular uptakes and cytotoxicities, 

enhanced tumor-targeting and penetrating 

efficiencies, effective inhibition of tumor growth, 

and inhibition of tumor recurrence by using 

nanoparticles in oral carcinoma cell lines and animal 

models. 

Polymeric nanoparticles have also been 

investigated for topical therapy of oral lesions. 

Rençber et al. (41) proposed chitosan coated 

Eudragit mucoadhesive nanoparticles containing 

fluconazole for local treatment of oral candidiasis. 

The in vitro studies showed antifungal efficacy 

against Candida albicans for an extended period and 

the in vivo animal experiments showed successful 

treatment of infected rabbits after local 

administration of the optimum formulation once a 

day. 

Rebamipide-loaded PLGA nanoparticles coated 

with chitosan were also examined for treatment of 

chemotherapy-induced oral mucositis in rats by 

Takeuchi et al. (42). The chitosan-coated 

nanoparticles could significantly decrease the ulcer 

area at day 9, 11, and 13 and also shortened the 

treatment period by 3.6 days compared to control 

groups. 

Another novel category of nanostructured carriers 

for treatment of unpleasant oral conditions is 

vesicle-based drug delivery systems including 

liposomes, proliposomes, niosomes, transferosomes 

etc. Due to their excellent biocompatibility and 

controllable performance, the vesicular drug 

delivery systems are suitable options for drug 

delivery and controlled release and the recent 

developments in this field have provided ideal 

opportunities for the creation of multifunctional 

drug delivery platforms, demonstrating their 

potential for clinical implications (43). 

Liposomes are biocompatible and biodegradable 

particles with a phospholipid-based bilayer structure 

and flexible formulation options that can 

encapsulate both hydrophilic and hydrophobic 

therapeutic agents and be administered through 

various routes (44). Furthermore, the addition of 

targeting elements such as ligands to liposomes 

leads to site-specific delivery of active agents (45). 

Niosomes are bilayered vesicular structures that are 
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composed of non-ionic surfactants and cholesterol, 

rather than phospholipids, that provides better 

stability of these vesicles (46). 

Liposomes have been suggested as local or 

systemic treatment option for different oral 

pathologies. There are successful examples of 

systemic administration of liposomal anticancer 

drugs in oral carcinomas (4, 47, 48). However, 

vesicular systems were also investigated for local 

treatment of oral lesions.  

In a study conducted by Figueiró Longo et al. (49), 

injection of liposomal aluminum-phthalocyanine 

chloride into the peritumoral area showed proper 

efficacy along with photodynamic therapy on 

chemically induced tongue tumors in vivo. 

Heiser et al. (50), showed that clinical applications 

of sprays containing liposomal phospholipids can 

alleviate symptoms related to xerostomia in patients 

with head and neck cancer. They suggested 

Liopsaliva and Liponasal sprays to be used during 

cancer treatment to moisturize the mouth and nose, 

potentially reducing side effects like infections and 

improving the patient's quality of life. 

In a clinical trial conducted by Azizi et al. (51) in 

2018, he efficacy of liposomal triamcinolone in 

Orabase on 60 erythematous-ulcerative lichen 

planus patients was evaluated. The pain intensity 

and cross sectional area of the lesions were 

measured after two and four weeks administration 

of the formulation. The results revealed that 

liposomal formulation exhibited promising clinical 

results and was more effective compared with the 

non-liposomal form of the medicine. 

Atorvastatin is a hypocholesterolemic drug that 

has shown promising antifungal efficacies. Nour et 

al. (52) proposed atorvastatin-loaded liposomes in a 

3D-printed mucoadhesive polymer film for 

management of oral candidiasis. The prepared 

formulation showed sustained drug release, in vitro 

antifungal activity against fluconazole-resistant 

Candida albicans, and ameliorated the infection and 

associated inflammation in oral candidiasis rabbit 

model. 

Abruzzo et al. (53) suggested loading of 

miconazole in a hydrophilic matrix by taking 

advantage of the amphiphilic nature of liposomes to 

maintain the drug release over an extended period of 

time and provide adequate concentration at the 

infection site. The drug-loaded liposomes were 

introduced in a polymeric matrix consisting of even 

chitosan, sodium hyaluronate, or hydroxypropyl 

methylcellulose. The results showed that chitosan 

and hyaluronate-based formulations completely 

inhibited Candida albicans growth after 24 h, and 

chitosan-based formulation was introduced as the 

most promising candidate for the local treatment of 

oral candidiasis as it exhibited the best 

mucoadhesive capacity. 

Yadav et al. (54), prepared ketoprofen-loaded 

proniosomal gel and in vivo results showed better 

efficacy with preserved bone resorption process for 

the optimum formulation compared to marketed 

product for treatment of periodontitis.  

In a study conducted by Arafa et al. (55), niosomes 

containing Propolis extract were inserted in a 

polymeric film to benefit from its antimicrobial 

properties in treating patient with oral recurrent 

aphthous ulcer. The clinical results on 24 patients 

showed that the ulcer size started to reduce in 2-3 

days, complete healing was achieved within first 10 

days of treatment and pain relief lasted for more 

than 4–5 h, in contrast to the placebo group. 

Melatonin was also encapsulated in niosomes and 

embedded in a mucoadhesive gel formulation, to 

employ its anti-inflammatory and antioxidant 

activities in treatment of 5-FU-Induced Oral 

Mucositis in Mice. The results showed that the 

prepared formulation could potentially inhibit 

inflammation and lipid oxidative stress in 5-FU-

induced oral mucositis (56). 

Hydrogels are solid-like viscoelastic drug delivery 

systems, and due to their hydrophilic structure, they 

can absorb high amounts of water and other 

biological fluids and to swell accordingly. 

Hydrogels can encapsulate various therapeutic 

agents and release them in a controlled manner or in 

response to environmental changes like temperature 

or pH (57). Hydrogels imitate the biochemical 

properties of the extracellular matrix and can be 

used for the transport of drugs and cells, and are 

therefore considered as a potential biomaterial. 

They show great promise in the field of oral 

pathology making them suitable for drug delivery 

and tissue regeneration in the oral cavity. Hydrogels 

have been studied extensively for treating various 
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conditions, including periodontal diseases, oral 

mucosal diseases, and even oral cancers (58). 

Kong et al. (59) prepared hydroxypropyl 

methylcellulose (HPMC) hydrogel formulation for 

delivery of Histatin-5 with potent anticandidal 

activity. According to in vivo results, the prepared 

formulation not only exhibited significant 

antifungal activity against Candida albicans but it 

also could clear the existing lesions as well as 

associated inflamed tissue in mouse model.  

Because of their stimuli responsive nature, 

hydrogels were examined for treatment of 

periodontitis as well. Chang et al. (60) investigated, 

a thermogelling and pH-responsive injectable 

hydrogel for naringin, a natural flavonoid 

compound with anti-inflammatory properties, to 

inhibit experimental induction of periodontitis in 

vivo. The prepared hydrogels were consistently 

fluidic at 4°C but rapidly gelled at 37°C and could 

significantly reduce the inflammation and 

pathologic signs of periodontitis after subgingival 

delivery. 

Yu et al. (61) suggested pH-Responsive hydrogels 

containing N-phenacylthiazolium bromide, which 

cleaves the crosslinks of advanced glycation end 

products on the extracellular matrix, for 

periodontitis. The prepared chitosan-based 

hydrogels released the encapsulated compound 

faster at pH 5.5 to 6.5 and consistently slower at pH 

7.4, led to a decrease in inflammation and collagen 

matrix loss in vivo. 

Wang et al. (62) investigated the incorporation of 

doxycycline as an antimicrobial and lipoxin A4 as 

anti-inflammatory agent, into thermo-reversible 

hydrogel as a treatment option for periodontitis. 

They hypothesized that thermo-reversible nature of 

the material allow its application into the 

periodontal pocket. The hydrogel exerted no local or 

systemic adverse effects in dogs and reduced the 

subgingival bacterial load and pro-inflammatory 

mediators, and also improved gingival clinical 

attachment compared with conventional periodontal 

treatment. 

Rezazadeh et al. (63) developed a thermally 

sensitive trimethyl chitosan-based mucoadhesive 

gel on to deliver erythropoietin as an anti-

inflammatory, antioxidant, and wound-healing 

agent in Oral mucositis. The formulation exhibited 

proper characteristics and antimicrobial properties 

in vitro, and tested on Sprague-Dawley rats with 

chemotherapy-induced mucositis in vivo. 

Erythropoietin was released from hydrogels during 

8 h, and more than 30% of the drug still remained 

on the mucosa after 3 h of washing the buccal 

mucosa with phosphate buffer. The EPO hydrogel 

demonstrated in vitro/in vivo wound-healing 

properties 

In a clinical trial conducted by Qataya et al. (64) it 

was shown that topical administration of selenium 

hydrogel in patients with erosive oral lichen planus 

could significantly reduce pain scores compared to 

conventional topical corticosteroids and antifungal 

treatment. 

Hydrogels were also utilized for administration of 

other nanostructured drug delivery systems in oral 

cavity. Hydrogels can increase the residence time at 

the site of application because of their rheology and 

swelling properties and would be beneficial for the 

stability of the nanosystem (65, 66). In a study 

conducted by Mou et al. (67) minocycline and zinc 

oxide-loaded albumin nanoparticles were 

incorporated into Carbopol pH-responsive hydrogel 

networks to be used in periodontitis. The prepared 

formulation exhibited broad spectrum antimicrobial 

activity, sustained release, and tissue-repairing, and 

adhesive properties. It also showed obvious 

treatment progression and gingival tissue self-

repairing in a periodontitis rat model compared to 

2% minocycline ointment. 

Alkhalidi et al. (65) proposed fluconazole-loaded 

sesame oil containing nanotransfersomes that were 

embedded in cross-linked hyaluronic acid 

hydrogels. The optimum formulation showed higher 

ex vivo permeation in sheep buccal mucosa, 

enhanced in vitro antifungal activity, and proper 

ulcer index values in immunocompromised rats with 

Candida infection, compared to fluconazole 

suspension and hyaluronic acid hydrogel. 

Hydrogels containing cyclosporine A-loaded solid 

lipid nanoparticles were examined for treatment of 

aphthous stomatitis by Karavana et al. (66). The 

results revealed that bioadhesive gel provides a 

protective layer over the lesion and the addition of 

cyclosporine A solid lipid nanoparticles led to a 

significant decrease in lesion size and rapid mucosal 
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tissue repair. 

El-Wakeel et al. (68) evaluated the efficacy of 

topical insulin-liposomes embedded in chitosan-

based hydrogels in a clinical study on patient with 

recurrent aphthous ulcers. The pain scores were 

significantly reduced in the insulin-liposomal gel 

group compared to control groups. 

2. Conclusion 

Novel drug delivery systems have introduced 

numerous advantages in the management of oral and 

dental pathologies. These systems enhance the 

residence time of therapeutic agents at the site of 

action, improve bioavailability, allow for controlled 

and sustained drug release, and reduce systemic side 

effects by delivering medications directly to the 

targeted oral tissues. Some formulations are also 

capable of responding to environmental stimuli—

such as changes in pH or temperature—enabling 

smart, site-specific drug release, particularly in 

inflamed or infected areas. Moreover, their potential 

for bioadhesion and biodegradability makes them 

especially suitable for use in the oral cavity. Various 

delivery platforms, including mucoadhesive buccal 

films, electrospun nanofibers, polymeric 

nanoparticles, vesicle-based systems, and 

hydrogels, have shown promising results in the 

treatment of a wide range of oral conditions—such 

as periodontitis, oral mucositis, fungal and bacterial 

infections, aphthous ulcers, oral lichen planus, and 

oral carcinomas—as demonstrated in in vitro 

studies, animal models, and clinical trials. 
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