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ABSTRACT

Needle-based devices are evolving as a promising
diagnostic and therapeutic tool in the field of medicine.
They can be used for drug delivery, as well as
extraction of fluids, for systemic and local effects. The
conventional methods of drug delivery require repeated
dosing in the oral cavity due to the presence of saliva.
Hence delivery systems, such as needle-based devices
that could provide sustained release of the drug in the
oral cavity, are required. These devices could also be a
useful adjunct in diagnosis and therapy of oral cancers,
delivering anti-cariogenic and antiplaque agents, for
remote monitoring of oral health, and for administering
painless and fearless local anesthesia. Since they offer
many advantages, such as increased compliance,
absence of needle phobia, they are painless, safe, self-
applicable and are minimally invasive, they will have a
major impact in the field of dentistry. This paper
summarizes the various types of needle-based devices
and their manufacturing technologies. The manuscript
aims to serve as a foundational review that highlights
and proposes several current and prospective impactful
applications of these devices in various fields of
dentistry.
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Injectable platelet rich fibrin(I1-PRF); Gingival Crevicular
Fluid (GCF); Tissue polypeptide antigen (TPA); Cancer
antigen-125 (CA-125); Matrix  metalloproteinase-2
(MMP-2); Matrix metalloproteinase-9 (MMP-9); Tumour
Necrosis Factor-alpha (TNF-a);Transforming growth
factor beta-3 (TGF-b3); Human immunodeficiency virus
(HIV);Calcitonin gene-related peptide (CGRP); Analgesic
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Microneedle (AMN); Temporomandibular jaw disorders
(TMD); Casein phosphopeptide—amorphous calcium
phosphate (CPP-ACP); Bone morphogenic proteins
(BMPs); Vascular endothelial growth factor (VEGF);
Temporary anchorage devices (TAD).

1. Introduction

Needle-based delivery devices are intended to
deliver drugs by breaking the barrier of skin or
mucosa, thus making the drug readily available to
the targeted tissues. Both microneedles and
nanopatches have a needle size much shorter than
the conventional needles. Microneedle patches
consist of sparsely packed miniaturized needles,
smaller than 1 mm (hence the hame microneedles),
mounted on a base which glues to the skin or
mucosa. Whereas, nanopatches consist of densely
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packed needles even smaller than microneedles, of
nanoscale dimension. So, the difference between the
two is in size and density of needles mounted on the
base. Nanopatches were invented to target a greater
number of cells and do less damage to the tissues
because of their smaller size®.

The first concept of microneedles was patented
by Gerstel and Place from Alza Research in the
1970s in the US? But because they could not be
commercially produced, it took another 25 years to
do mass production by economically feasible
methods. The nanopatches were invented much later
by Professor Mark Kendall from the University of
Queensland, Australia®.

These devices have the advantage of being less
painful and creating less needle phobia in patients,
thus increasing patient compliance. Not only this,
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Figure 1. Structure of oral mucosa and the types of microneedles
A. Structure of oral epithelium; B. Needle based patch on buccal mucosa; C. Types of microneedles
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they could deliver drugs to the specific cells and
tissues leading to faster action, more bioavailability,
and could also be self-administered. Though rarely,
they could elicit an allergic reaction or the
miniaturized needles might break. There is a lot of
research being done to make these technologies safer
and economical so that they could act as agents for
drug delivery, fluid extraction, and microdevices for
diagnosis and therapeutics. Most of the research in
this technology has been done in the medical field,
and its potential in dentistry still needs to be

explored. This paper attempts to highlight the basics
of microneedles and nanopatches, their current
applications and suggests some new ideas for
possible future applications of this technology in
various fields of dentistry.

2. Fabrication
Many materials and fabrication techniques have

been used for the manufacture of microneedles
(Table 1). The choice of the material depends on the

Table 1. Materials and fabrication techniques used for microneedles*>!2

Type of Materials Fabrication Technique
Microneedles
Solid Silicon e dry-etching
e wet etching
e isotropic dry etching
e anisotropic wet etching
Metals such as: o laser ablation
Stainless steel e laser cutting
Titanium e wet etching
Tantalum o metal electroplating
Nickel
Polymers such as: e photolithography
e  Methylvinylether and maleic o electroplating
anhydride (PMVE/MA) e molding
e Polycarbonate
e  Polymethylmethacrylate
(PMMA)
e Poly-lactic-coglycolic acid
(PLGA),
e Polyglycolic acid (PGA)
e  Polylactic acid (PLA)
Ceramics micromolding and sintering
Coated Same as solid microneedles above + coating with viscous solution
+ drug coating
Dissolving Sugars e micromolding
Polymers e ion etching
CMC e photopolymerization process
Polymer Chondroitin Sulfate ultrasonic We|ding
Polymer Dextrin o fused deposition modelling
PVP with 3D—printing
PVA e micromachining
PLGA
Fibroin
Dextran
Hollow Silicon 3D—printing,
Glass laser wet chemical etching
Polymer deep reactive ion etching
Metal micromachining
lithographic molding
X-ray photolithography
micro-fabrication
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Table 2. Classification of microneedles based on structure, needle core, function and design

STRUCTURE NEEDLE CORE FUNCTION DESIGN
a) In plane: the | a) Solid: are used just | a) Disposable a) Solid: they are used to create
needle is parallel | to create micropores in | manner micropores in the skin or create

to the base skin

channels for the drug to go inside.
The length of the microneedle is
decided based on the tissue of
target.

b) Out of plane:
the needles are
perpendicular to
the base.

b) Hollow: have a
lumen for the transport
of materials

b) Multi round
responsive

b) Coated: they can be coated with
a water-soluble formulation to
deliver the drug.

¢) Temperature
responsive

c¢) Dissolving: microneedles can be
made of dissolving polymer
material with drug encapsulated in
the polymer, which dissolves thus
releasing the drug at the targeted
site.

d) Glucose
responsive

d) Hollow: this microneedle design
allows transport of liquid drugs
through the bore of the needle and
can also be used to withdraw
liquids from tissues.

e) pH responsive

f) Swelling -
shrinking

g) Water soluble

design and properties that are desired, such as
strength, permeability, and flexibility of the material,
which further depends on which tissues one is
targeting. The material selected for fabricating solid
microneedle should have enough strength and tip
sharpness to pierce the targeted tissues.

3. Classification®®

Microneedles have been classified based on different
parameters as shown below. A summary has been
provided in Table 2 and Figure 1.

3.1. Structure

a) In-plane: The needle is parallel to the base

b) Out of plane: The needles are perpendicular to the
base.

3.2. Needle core

a) Solid: is used just to create micropores in the skin
b) Hollow: have a lumen for the transport of
materials
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3.3. Function

a) Disposable manner

b) Multi round responsive
c) Temperature responsive
d) Glucose responsive

e) pH-responsive

f) Swelling-shrinking

g) Water-soluble

3.4. Design (Figure 1C)

Solid: This microneedle design is used when one
needs to create micropores in the skin to create
channels for the drug to go inside. The length of the
microneedles is decided based on the target cells or
target tissue for drug delivery.

Coated: The microneedles can be coated with a
water-soluble formulation to deliver that drug
through the punctured skin and then the microneedle
is removed.

Dissolving: Microneedles can be made of dissolving
polymer material with drug encapsulated in the
polymer. When the micropores are formed in the
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Figure 2. Different needle-based delivery approaches (reproduced with permission)
Needle based devices can be fabricated as either:

A. Pens (AdminPen™ 1200)’
B. Rollers (e.g. Lolysenta Derma Roller)

C. Patches (e.g. AdminPatch® 777 microneedle array)’

skin the polymer dissolves thus releasing the drug at
the targeted site.

Hollow: This microneedle design allows transport of
liquid drugs through the bore of the needle and can
also be used to withdraw liquids from tissues.

4. Current and prospective applications in
dentistry

The oral environment is constantly bathed by the
salivary secretions and any medicine applied on the
oral mucosa gets washed off soon and thus requires
repeated dosing. Hence delivery systems that could
provide sustained release of the drug are required
(Figure 1). Needle-based systems offer the advantage
that they can be used for drug delivery as well as
extraction of fluids for diagnostic and therapeutic
purposes and can be used for systemic or local
effects. The knowledge of the structure of the oral
mucosa (Figure 1A and Figure 1C) is very important
to better understand the permeability and hence drug
delivery barriers present in the 3 different types of
the oral mucosa: masticatory (gingiva and hard
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palate), specialized (dorsum of the tongue) and
lining mucosa (buccal mucosa and floor of the
mouth). The permeability of the mucosa depends
upon the thickness, keratinization, and lipid
composition. Thus, sublingual mucosa is most
permeable as it is thin and non-keratinized, followed
by buccal mucosa, which is thick and non-
keratinized, and lastly, the palatal mucosa which is
intermediate  in  thickness and keratinized.
Keratinized gingival and palatal mucosa are good
sites for local drug delivery for oral lesions, whereas
sublingual mucosa is the best site for systemic
absorption of the drugs. The real barrier to drugs is
in the upper one third to one-quarter of the
epithelium. It is the intercellular material (lipophilic)
derived from the membrane coating granules, which
slows the passage of hydrophilic drugs (Figure 1A)S.
Since the needle-based delivery devices are painless,
safe, and can be self-administered, they have a huge
potential for application in the field of dentistry.
They can be fabricated in any desired shape such as
a patch, as a needle, or as a roller depending on the
application (Figure 2).
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4.1. Potential applications of needle-based
delivery devices in periodontology

a. Enhanced wound healing: Microneedle could
be a useful adjunct to periodontal surgery as it could
potentially help accelerate the healing process. The
minimal superficial bleeding induced by them could
set up a wound healing cascade with the release of
various growth factors such as platelet-derived
growth factor (PGF), transforming growth factor-
alpha and beta (TGF-o and TGF-B), connective
tissue activating protein, connective tissue growth
factor, and fibroblast growth factor (FGF). The
needles could also promote neovascularization and
neo-collagenesis by migration and proliferation of
fibroblasts and laying down of intercellular
matrix® Antimicrobial microneedle patches on
gingiva could be used to augment periodontal wound
healing. Microneedles loaded with antibacterial
agents such as green tea and self-sterilizing
dissolving nanosilver-loaded patches are being
experimented to suppress microbial load at
the wound site®*°. Also, platelet concentrates such as
platelet-rich plasma, platelet-rich fibrin, and growth
factors could be administered with the help of
microneedles to accelerate healing.

b. Improving gingival biotype: Gingival biotype is
the thickness of the gingiva in the faciopalatal/
faciolingual dimension. Reduced gingival thickness
could lead to attachment loss and marginal tissue
recession and thus periodontal disease progression.
Gingival biotype also influences the success of
restorative and regenerative therapy!!. The use of
microneedles  independently  or with  grafting
procedures, based on the principle of accelerated
wound healing, could potentially improve the areas
with thin gingival biotype. Ozsagir et al. performed a
clinical study where they successfully used
injectable  platelet-rich ~ fibrin ~ (I-PRF)  with
microneedles to enhance gingival biotype and
keratinized gingiva?.

c. Depigmentation of gingiva: Microneedle roller is
already ~ commercially  available  for  skin
hyperpigmentation. It breaks the clusters of melanin
pigment, stimulates natural wound healing, and
production of new collagen and elastin®®. In the
future, a similar principle could be applied for
treating gingival hyperpigmentation. Small micro-
needle roller designed for oral use could be a
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promising minimally invasive, simple, painless, and
cost-effective treatment modality for gingival depig-
mentation as compared to currently used methods
such as scalpel surgery, laser ablation, bur abrasion,
and electrocautery which often lead to complications
such as postoperative pain, bleeding, discomfort, the
difficulty of the procedure and delayed wound
healing.

d. Collecting oral diagnostic fluid: Recently,
researchers developed microneedle patches that can
easily and painlessly collect interstitial fluid from
the skin!®. Similarly, in dentistry, microneedle
patches could be used to collect oral diagnostic
fluids such as Gingival Crevicular Fluid (GCF),
saliva, and peri-implant fluid. These could be used to
identify and quantify various biomarkers; which are
important indicators of periodontal disease activity,
its progression, and prognostic indicator of
therapeutic outcomes. GCF is conventionally
collected by paper strips, micropipettes, crevicular
washings. However, these methods involve chal-
lenges such as contamination of GCF sample with
blood, plaque, and saliva; the amount of GCF
collected with these methods is very small; difficulty
in retrieving GCF from paper points, etc.
Microneedles could potentially help overcome these
challenges.

e. Administering antiplaque agents: Dental
plaque/biofilm is the main etiology for periodontal
diseases. Antiplaque agents are particularly
important when efficient mechanical plaque control
is difficult such as in medically compromised
patients, mentally challenged patients, post-surgical
cases, orthodontic patients, etc. Novel microneedles
patches, which are safe and can be self-administered,
loaded with antiplague agents, could be applied on
oral mucosa and gingiva to maintain an optimum
level of active agent in the oral cavity for a long time
and thus increase the efficacy of these agents.

f. Administering therapeutics locally: Microneedle
patches have emerged as a novel transdermal drug
delivery system as they confer advantages such as
administration of large molecules, painless admin-
istration of the active pharmaceutical ingredient, the
first-pass metabolism is avoided, no fear of the
needle, ease of administration, targeted drug
delivery, enhanced drug efficacy, good tolerability,
and rapid and sustained drug delivery®s. With all
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these benefits microneedle patches can also be a
novel and promising local drug delivery system for
periodontal diseases. Microneedles can be used for
the administration of antimicrobials, host mod-
ulating agents, growth factors, platelet concentrates
at specific local sites with periodontal diseases.

4.2. Potential applications of needle-based
delivery devices in oral medicine

Needle based delivery systems can be used for the
following in the field of oral medicine:

a. Diagnosis of oral cancers: Oral cancers, such as
oral squamous cell carcinoma, are detected late due
to their asymptomatic nature. Elevated levels of
some biomarkers, such as Cyfra 21-1, tissue
polypeptide antigen (TPA), cancer antigen CA-125,
MMP-2, MMP-9, and TNF-a, have been associated
with oral cancers?®!’. Needle-based devices could be
used for the early detection of these biomarkers.

b. Target drug delivery: As mentioned previously,
oral mucosa especially the palatal and gingival
mucosa are favourable sites for the delivery of drugs
for local oral lesions. The site of drug delivery
depends on the tissues that are affected. Diseases
such as candidiasis affect the most superficial
surface of the epithelium, oral dysplasia affects the
epithelium itself, lichen planus affects the basal
cells, and the adjacent connective tissue (Figure 1C).
Thus, the microneedles could be designed depending
on the targeted tissue. These microneedles could also
be useful in treating premalignant lesions such as
leukoplakia.

c¢. Adjunct in cancer chemotherapy: Mucositis and
xerostomia are common adverse effects associated
with the treatment of cancers. Microneedles could
act as agents for the delivery of drugs such as
transforming growth factor beta-3 (TGF-b3) or
supersaturated calcium phosphate to treat and protect
the mucosa.

d. Treatment of xerostomia: Xerostomia is
commonly encountered secondary to diseases such
as Sjogren’s syndrome, diabetes, HIV, or after
treatments such as radiotherapy. Drugs such as
sodium channel blockers, such as P-552,
physostigmine, anhydrous crystalline maltose which
can maintain or stimulate the hydration capacity of
the oral cavity have shown some potential for topical
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application®®. Perhaps a simple microneedle patch
could be used to deliver sialagogues in these
patients.

4.3. Potential applications of needle-based
delivery devices in oral surgery

Enhanced wound healing, local drug delivery,
administration of local anesthesia are the potential
applications of microneedles described in the above
sections and are of great use in the field of oral
surgery as well. Other possible applications in oral
surgery are:

a. Analgesic effect in orofacial neuropathic
conditions: Neuropathic pain caused by nerve injury
is debilitating and difficult to treat. Currently used
local anesthetics tend to nonspecifically block both
sensory and motor functions. Calcitonin gene-related
peptide (CGRP), a neuropeptide released from
sensory nerve endings, appears to play a significant
role in chronic neuropathic pain®. A study in rats
has shown an analgesic microneedle (AMN) patch
was developed using dissolvable microneedles to
transdermally painlessly deliver selective CGRP
antagonist peptide for the treatment of localized
neuropathic pain®. As compared to conventional
therapies, the AMN patches produced effective
analgesia on neuropathic pain without disturbing the
normal motor function of the rat, resulting from the
high specificity of the delivered peptide against
CGRP receptors®. A similar application of AMN
patches to oral neuropathic conditions such
as trigeminal  neuralgia, painful  post-traumatic
trigeminal neuropathy, burning mouth syndrome,
post-herpetic neuralgia, trigeminal neuroma, and
other neuropathies related to systemic diseases could
provide for an effective, safe, and simple approach
to mitigate neuropathic pain with significant
advantages over current treatments.

b. Management of temporomandibular jaw
disorders (TMD): Patients with TMD presents
symptoms such as pain on mouth opening, restricted
mouth opening, muscle spasm, clicking, etc. and
presents a challenge for oral administration of drugs.
Similarly, oral trauma patients with splints, jaw
fixation, plating have restricted mouth opening.
Microneedle patches can be an effective, safe, and
easy way of administering analgesics, anti-
inflammatory agents, muscle relaxants in these
special cases.
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c. Alternative to conventional suturing: The
technique of suturing post surgically is commonly
practiced in the field of oral surgery. Suturing after a
surgical incision or dental extraction acts to
approximate the edges of the tissue to promote
healing. However, suturing has some clinical
disadvantages, few to mention are improper
approximation can cause tearing of the tissue, the
braided suture can accumulate plaque, bacteria and
delay wound healing and the suturing process also
adds to clinical time spent in surgery. Some
alternatives to suturing include the use of adhesive
gels, cyanoacrylates, fibrin glue, etc. which
overcome the mentioned  shortcomings??,
Microneedle patches can provide a sustained and
effective method to deliver these agents at a local
site. Also, it can act as a delivery agent for
hemostatic, adhesives, and sealants after surgical
procedure especially in oral sites such as the tongue,
the floor of mouth, palate which are difficult to
suture. Microneedle patches containing various
wound healing promoting agent when applied at
surgical sites can augment the healing cascade.

needle-based
dentistry,

4.4. Potential applications of
delivery devices in conservative
paediatric dentistry and endodontics

a. Dental caries: Dental caries is one of the main
reasons for adult and pediatric patients to visit a
dentist®®. Despite various advancements, dental
caries remains a major health concern and affects
nearly 100% of the population in the majority of
countries®. Dental caries is caused by bacteria that
produce acid from the dietary carbohydrates, thereby
leading to the demineralization of the hard tissue of
the tooth. This effect can be reduced or reversed by
the presence of calcium and phosphate in saliva. The
amount of these minerals in saliva determines if the
tooth shall undergo remineralization or cavitation.

Another important mineral that can prevent
demineralization is fluoride. Fluoride can form
fluoridated hydroxyapatite with enamel

hydroxyapatite which can better protect the enamel
from acid attacks and demineralization®.A higher
amount of calcium, phosphate, and fluoride in saliva
can reduce the effect of these bacteria and increase
the process of remineralization. Microneedles could
be used to:
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Deliver anti-cariogenic agents: The current
delivery system for the above-mentioned minerals
are varnishes, gels, mouthwashes, and toothpaste.
These minerals should be continuously present to
protect the teeth from acid attack, however, due to
the continuous flow of saliva, they get diluted and
cleared from the oral cavity thereby reducing their
therapeutic effect. Studies have reported that even
a small increase in fluoride in the oral cavity can
significantly reduce the incidence of caries in
pediatric cases?®?’. Microneedles could be used in
pediatric or adult patients with low compliance to
oral hygiene procedures for sustained release of
fluoride or other remineralizing agents such as
Casein  phosphopeptide—amorphous  calcium
phosphate (CPP—ACP) for prevention of caries.

. Streptococcus mutans, which is present in the

dental plaque and is the main causative bacteria for
dental caries. Nanoparticles of many metals and
metal oxide have shown the potential to destroy the
bacteria even in deeper layers of biofilms. Several
nanoparticles such as silver nanoparticles, nano
zinc oxide, nano gold, nano Chitosan, nanosilver
fluoride, etc are been tried for this purpose?=,
Microneedle/nanopatches can be an effective way
to deliver these nanoparticles and reduce the
chances of caries.

Apart from bacteria and carbohydrates, saliva also
plays a major role in the progress of caries.
Salivary factors such as buffering capacity, pH,
and salivary flow can also influence the formation
and progress of caries®:. Nanosensors could be a
potentially useful tool to monitor these factors in
patients with a high caries index.

b. Remote monitoring of oral health: Microneedles
with sensors could be used to monitor the oral health
of soldiers who are posted in far reach areas and have
no access to dental treatments.

c. Regenerative endodontics: These procedures are

designed to

replace damaged tooth structures,

including dentin and root structures, as well as cells of
the pulp—dentin complex. They have gained a lot of
interest in the treatment of immature permanent
teeth®. Several growth factors (PGF, TGFB, BMP,
FGF, VEGEF, etc.) play a significant role in cellular
functions such as migration, proliferation, and
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differentiation of dental pulp and stem cells of dentine
matrix®. Patches with biosensors of growth factors
could be used to check the progress while performing
regenerative endodontic procedures.

d. Administering local anesthesia: Phobia of dental
injection affects 1.6% of individuals in the general
population®4, Studies have shown fear of dental
needles and the associated pain of its insertion in
mucosa harm patient’s psychology, which leads to
delay in their dental visits®. Microneedles can
potentially help in painless administration of lidocaine
for periodontal, surgical, and endodontic procedures,
thus improving patient compliance. In dentistry,
microneedle patches have been used to successfully
enhance the effect of topical anesthesia®®.

4.5. Potential applications of needle-based delivery
devices in orthodontics

a. Temporary anchorage devices: TAD’s are often
used to augment the anchorage in Orthodontics.
Periimplantitis and biofilm formation can lead to
failure and loosening of the micro-implants.
Streptococcus spp, Lactobacillus casei, Candida spp,
and Porphyromonasgingivalis are commonly found
microorganisms colonizing on the implant surface®.
Instead of paper points which are conventionally used
to detect colonization, these microneedles can be used
as a patch to detect the bacterial growth and release
the specific and titrated amount of antimicrobial agent
or nanoparticles, which would inhibit that specific
bacterial growth.

b. Administration of the local anesthetic agents:
During the insertion of temporary anchorage devices,
local infiltration of anesthetic agents is required which
could be done with these patches.

¢. White spot lesions: White spot lesions and caries
are common sequelae during orthodontic treatment.
These microneedle patches can be used to deliver
fluoride or similar anti-cariogenic substances which
will inhibit the development of demineralization
during the treatment.

d. Anti-sialagogues delivery: Excessive salivary
secretions can cause problems in the bonding of
brackets to the tooth surface. Anti-sialagogues could
be delivered through these patches when the patient is
in the waiting area to make bonding more efficient.
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e. Biomarkers: Biomarkers such as interleukins,
tumor necrosis factor-a, transforming growth factor f3,
proteoglycans, prostaglandin E, and alkaline
phosphatases, dentin matrix protein, etc. have been
used to either identify the progress of treatment, to
assess the response of treatment, or to identify the
patients “at-risk”®, Biomarkers can be extracted by
many means but GCF or saliva is the most non-
invasive source. The potential application of needle-
based devices to extract and assess biomarkers in the
field of orthodontics could be as follows:

I. To assess the response of tissues and to monitor
the progress of orthodontic treatment.

Il. To assess the levels of salivary alkaline
phosphatase which is an indicator of the skeletal
maturity of patients in whom growth modification
treatment needs to be rendered*.

To monitor adverse treatment consequences such
as root resorption.

To assess the bone activity and turnover in the
peri-implant fluid.

V. For assessing the periodontal disease through
salivary cytokines®.

V.

f. In patients with cleft lip and palate: Patients with
cleft have many issues such as increased caries risk,
poor oral hygiene, difficulty in speech, hearing, etc.
Needle-based devices could address some of these
issues and could be used for remote monitoring of
these patients. Maybe if some magnetic particles
could be incorporated in these devices, they could be
used to align the cleft segments.

g. Aligning the jaws: If magnetic patches that could
deliver enough force to align the jaws could be made,
they could be an alternative to functional appliances.
However, many factors such as a mucosal tear, the
amount of force generated, the effect on tissues due to
prolonged application will have to be evaluated.

4.6. Potential applications of needle-based delivery
devices in prosthodontics and dental implants

a. Peri-implantitis: It is an inflammatory pathological
reaction around an implant affecting the soft tissue
and bony structure, which eventually leads to the loss
of the implant. Apart from local debridement and
surgical treatment, local application of tetracycline
fibers and minocycline microsphere is beneficial in
the treatment of peri-implantitis. Microneedle/
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KEY POINTS

This review is the first of its kind to explore the application of needle-based devices in the
field of dentistry

Microscale and nanoscale technologies offer promising results in the diagnosis and
treatment of diseases and needle-based devices are a relatively new treatment option for
oral applications.

In the field of medicine, these devices have offered many advantages over conventional
needles, such as increased compliance, absence of needle phobia, painless and safe
application, minimally invasive, targeted drug delivery, self-administration, and local and
systemic applications.

Based on its promising results in medicine, this article proposes some current and

prospective applications of these devices in different specialties of dentistry. It also
summarizes the various types of needle-based devices and their manufacturing technologies.

This article opens the doors for future research in designing microneedles, so that they can

be used efficiently and safely in the oral cavity applications.

OPEN QUESTIONS

Will microneedles be a clinically relevant and cost-effective alternative to conventional
diagnostic and therapeutic modalities in dentistry?

Do these devices offer the potential for remote monitoring of oral health and implementing

preventive measures?

nanopatches could be an effective way to deliver these
antiseptics or antimicrobials to manage the cases of
peri-implantitis.

b. Denture retention: Denture retention and stability
are some of the main determinants in the success of a
denture. This can be reduced by several factors such
as non-resilient supporting soft tissue, dense fibrous
tissue in denture bearing area, xerostomia, highly
resorbed residual ridges, etc. Magnets have
traditionally been used to increase the retention of
overdentures*. The same concept can be used with
microneedle patches with magnets to increase the
retention of loose complete/partial dentures too.

c. Gagging: It is commonly encountered in
procedures such as recording posterior palatal seal
while fabricating complete dentures. Local anesthetics
such as lidocaine could be applied via these patches
before recording this procedure, to reduce gagging.

www.discoveriesjournals.org/discoveries

d. Oral hygiene monitoring and control: Halitosis,
poor oral hygiene, development of biofilm
overdentures, ulcers, increased caries risk, are
common sequelae of wearing a prosthesis. Frequent
traveling to dental clinics is many times an issue with
geriatric patients. These microneedles could be used
to monitors as well as deliver the appropriate
medicaments in the susceptible groups.

5. Conclusion

Needle-based delivery devices are evolving as a
promising diagnostic and therapeutic tool in the field
of medicine. Since they offer many advantages, such
as increased compliance, absence of needle phobia,
painless and safe application, minimally invasive,
targeted drug delivery, self-administration, local and
systemic applications, they could revolutionize
treatment delivery in the field of dentistry. They could
be used as an efficient modality for targeted drug
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delivery in many pathological oral conditions. Also,
they have the potential to be used as a diagnostic tool
to study oral fluids and for remote monitoring of oral
health. However, factors such as the size of the
molecule, its residence time, dosage and location,
permeability, the structure of the targeted tissues, and
the design of the microneedle-based delivery system
are key factors in determining their success. Future
research and clinical trials can be directed towards
designing microneedles, so that they can be used
efficiently and safely in the oral cavity for various
applications.
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