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ABSTRACT

Minimally invasive dentistry (MID) is a conservative approach focusing on early diagnosis and minimally invasive
procedures to prevent the progression of carious lesions. MID has revolutionized pediatric dental care by
emphasizing the preservation of healthy tooth structures, reducing treatment-related trauma, and improving patient
compliance. This review focuses on advancements in MID techniques, including silver diamine fluoride (SDF),
atraumatic restorative treatment (ART), resin infiltration, bioactive materials and laser therapies for caries.
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INTRODUCTION

Minimally invasive dentistry (MID) has emerged as a
game changing approach in modern day pediatric dental
care, focusing on conservation of healthy tooth structures
while effectively treating dental diseases.™ It is a drastic
shift in ideology to approach and treat caries from the
traditional "extension for prevention" approach to
minimal instrumentation. This technique emphasizes
upon early diagnosis, prevention, and minimally invasive
interventions.” "Early Childhood Caries (ECC) is
defined as the presence of one or more decayed, non
cavitated or cavitated lesions, missing or filled due to
caries surfaces, in any primary tooth of a child under six
years of age.”!

Conventional restorative technique requires invasive
drilling which often causes dental anxiety in pediatric
patients. Also, it needs unnecessary removal of healthy
tooth structure, and remain inaccessible in resource-
limited settings.”? For pediatric patients, MID holds
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special implication as it accentuates upon limiting
psychological trauma, uplifting treatment outcomes, and
minimising dental anxiety.”

MID aims to address these challenges by replacing
conventional drilling methods with noninvasive
approaches, preserving primary dentition until natural
exfoliation, and focusing on preventive strategies.!®! As
primary teeth play a critical role in speech development,
chewing efficiency, and guiding permanent teeth
eruption, preserving them is vital for both functional and
psychological health.["!

This review focuses on advancements in MID
techniques, including silver diamine fluoride (SDF),
resin infiltration, atraumatic restorative treatment (ART),
bioactive materials and laser therapies for caries.
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Silver Diamine Flouride

SDF, Ag(NH3)2F (also referred to as diamine silver
fluoride and silver ammonium fluoride) is a colourless
alkaline solution containing silver and fluoride, which
forms a complex with ammonia. The ammonia ions
combine with silver ions to produce a complex ion called
the diamine-silver ion, and this complex is more stable
than silver fluoride."

Both fluoride and silver ions contained in SDF appear to
have the ability to inhibit the formation of cariogenic
biofilms. High-concentration fluorides inhibit biofilm
formation by binding to bacterial cellular components
and influencing enzymes related to both carbohydrate
metabolism and sugar uptake. Silver ions’ antibacterial
action is threefold: penetrating and destroying bacteria
cell wall structures, inhibiting enzymatic activity thus
influencing metabolic processes, and inhibiting the
replication of bacterial DNA. SDF has been shown to
have a remineralisation effect on dentine caries, as the
reaction between SDF and hydroxyapatite leads to the
formation of nanoscopic metallic silver particles attached
to hydroxyapatite crystals, thus inhibiting the
development of future caries on the arrested lesion.!”!

SDF is indicated in cases where arresting the caries is
prioritised over providing definitive restorative treatment
such as in kids below 2 years of age or extremely
uncooperative children or in cases of Rampant caries. It
can also be used in cases of dentinal hypersensitivity.

Contraindications for use of SDF include: Silver allergy;
Significant desquamative gingivitis or mucositis;
Pregnancy; Breastfeeding;  Restorations in the
aesthetic zone; signs or symptoms of periapical
pathology.™*”

Common unwanted effect with SDF is black
discoloration of the effected area. To overcome this
problem a new product with the name RivaStar had been
introduced which provides all the effects of SDF without
discoloration.™!!

SMART Restoration

A modification of SDF, Silver Modified Atraumatic
Restorative Technigue combines use of SDF on a carious
lesion and using ART (no instrumentation technique) to
restore the decayed portion of tooth using GIC."2

Atraumatic Restorative Technique

Atraumatic Restorative Treatment (ART) is a minimally
invasive dental approach that removes decayed tooth
tissue using only hand instruments. The cavity is then
restored using an adhesive, fluoride-releasing material
like Glass lonomer Cement (GIC), which chemically
bonds to the tooth to protect against further decay. It was
developed in 1980s in Tanzania to provide dental
treatment to kids in remote areas and is still very useful
in modern pediatric dental care.**!
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Resin Infiltration

Subsurface enamel demineralization beneath an intact
surface layer or white spots lesions can and should be
treated with non-invasive procedures to impede the
development of a cavitated lesion. Resin infiltration is a
minimally invasive technique for the management of
smooth surface and proximal non-cavitated caries
lesions. Infiltrative resin improves enamel roughness,
microhardness, shear bond strength, and penetration
depth. The infiltration of resins creates a diffusion barrier
inside the enamel lesion body, retarding enamel
dissolution, and the retention loss is unlikely to occur.
Clinical evidence points to the partial or total ability of
infiltrative  resins to  mask enamel  whitish
discoloration.*

The penetration of resin infiltration into the
intercrystalline spaces of enamel is driven by capillary
forces which are determined by its penetration
coefficient (PC). According to the “Washburn equation,”
the infiltrant must have a low-viscosity and a low-contact
angle in order to completely penetrate porous enamel.!**!

Different types of acids have been used for etching
dental enamel such as phosphoric acid (H3PO,), HCL,
polyacrylic acid and maleic acid. It has been reported
that HCL 15% gel erodes surface layers more effectively
than 37% H3PO,4and etching with HCL 15% gel for
120s is recommended prior to placement of resin
infiltration on natural enamel lesions.™*!

Bioactive Material

In recent years, many bioactive materials with
mineralising and/or antibacterial properties for caries
treatment have emerged with the development of
nanotechnology. Common bioactive materials for caries
management include fluoride-based materials, calcium-
and  phosphate-based  materials,  graphene-based
materials, metal and metal-oxide nanomaterials and
peptide-based materials.!*”)

Fluoride-based materials

Silver diamine fluoride, Sodium fluoride, Sodium
monofluorophosphate,  Acidulated  fluorophosphate,
Stannous fluoride, Amine fluoride.

Calcium- and phosphate-based materials

Casein phosphopeptide-amorphous calcium phosphate,
Casein phosphopeptide-amorphous calcium, fluoride
phosphate, Functionalised tricalcium phosphate, Nano-
hydroxyapatite, Calcium sodium phosphosilicate.

Casein phosphopeptide-amorphous calcium
phosphate
CPP-ACP  comprises  nanoclusters  of  casein

phosphopeptide bound to amorphous calcium phosphate.
CPP stabilises calcium and phosphate ions by forming
CPPACP  complexes. CPP-ACP  promotes the
remineralisation of subsurface lesions by supplying a
high concentration of calcium and phosphate ions. CPP-
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ACP products include chewing gums, mouthwashes and
dental creams. These products exhibit anticaries
properties without unpalatability or allergenicity.™®

Casein phosphopeptides-amorphous calcium phosphate
(CPP-ACP) is a bioactive agent with a base of milk
products, which has been formulated from two parts:
casein phosphopeptides (CPP) and amorphous calcium
phosphate (ACP). CPP was produced from milk protein
casein and has a remarkable ability to stabilize calcium
phosphate in solution and to substantially increase the
level of calcium phosphate in dental plaque. CPP-ACP
buffers the free calcium and phosphate ion activities,
thereby helping to maintain a state of supersaturation
with respect to tooth enamel, reducing demineralisation
and promoting remineralisation. The free calcium and
phosphate ions move out of the CPP, enter the enamel
rods and reform onto apatite crystals. Laboratory, animal
and human studies have shown that CPP-ACP inhibits
cariogenic activity. CPP-ACP is useful in the treatment
of white spot lesions, hypomineralised enamel, mild
fluorosis, tooth sensitivity and erosion, and prevents
plague accumulation around brackets and other
orthodontic appliances. CPP-ACP also facilitates a
normal post-eruptive maturation process and is ideal for
protecting primary teeth at a time when oral care is
difficult. CPP-ACP has commercial potential as an
additive to foods, soft drinks and chewing gum, as well
as additive to toothpastes and mouthwashes to control
dental caries.*!

LASERS

The word LASER is an acronym for Light Amplification
by Stimulated Emission of Radiation. In modern dental
practise, laser technology quickly is becoming as useful
as the high speed hand piece, and dental procedures can
be accomplished with less invasive methods, a more
relaxed appointment and less postoperative discomfort.
Many different lasers are used in pediatric dentistry.
Diagnodent are used for diagnosing dental caries. Argon
lasers are available for curing composite restorations and
soft tissue surgical procedures. CO2 lasers are used for
surgical treatment of large soft tissue lesions where
coagulation, vaporization and precision in tissue cutting
is required. The pulsed Nd:YAG are good for treatments
involving pigmented soft tissue and are absorbed by
haemoglobin in blood and are therefore -effective
haemostatic devices.™!

With the development and introduction of the erbium
family of lasers, the pediatric dentist has safe and
efficient laser to treat hard and soft tissue of the oral
cavity. The erbium laser has shallow depth of tissue
penetration, high affinity for water, lack of thermal
damage and minimal reflective property make it ideal
laser for pediatric dentistry.?* Applications of laser in
minimal invasive caries control and treatment.

1. Removal of amalgam and other direct restorations:
Lasers can be used to remove defective amalgam,
composite and glass ionomer restorations.
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2. Caries removal and tooth preparation: Typical average
settings for the erbium family of lasers are total power of
6 watts for removal, 4 watts for dentin preparation, and 2
watts for caries removal, all with water spray. The
parameters should be adjusted on each device using the
manufacturer ‘s guidelines.

3. Fissure Sealant Therapy: The use of laser gives the
dentist the ability to clean and sterilize enamel fissures.
Studies have shown that enamel surface prepared with
Erbium laser has properties similar to enamel etched
with acid. The important point is to not move the Erbium
laser in a way to produce more etch in a zone compared
to other regions.

4. Etching: There were some important differences
between the results of various studies in evaluation of the
bond strength of restorative material bonded to teeth
surfaces etched with Erbium laser family and with acid
etch technique. These differences could be the results of
laser parameters (Output energy and frequency) and the
type of restorative material used. The obtained SEM
images showed an increase in retention of restorative
material for the surfaces irradiated by laser and a
decrease in bacteria in the pits and fissures, the
sterilization property of laser on irradiated surfaces is
seen. In general, the best results have been obtained in
simultaneous use of laser and acid.

5. Carious Lesions Prevention: The main objective of
preventive treatments in modern dentistry is caries
prevention. Fluoride therapy either in a systemic way or
local application can prevent the beginning and the
progress of caries. Laser via changes in the enamel
crystal structure efficiently improves the resistance to
acids and prevents the spread and progress of lesions.
The use of fluoride before and after laser irradiation
increases the fluoride uptake and decreases the amount
of solubility in acidic solutions. Laser irradiation
provokes more adhesion of fluoride to lower layers of
enamel and dentin which is possible by penetration of
fluoride in micro spaces in enamel and dentin.

6. Pulp Therapy in Deciduous Teeth: Today substances
like formocresol are used in deciduous teeth pulp
therapies, which smell disturbs children, but also its
contact with mucosal surfaces can cause necrosis and
ulcers that are very unpleasant and painful for children.
Studies have shown that laser have good effects in pulp
therapy, which results are similar or even better than
formocresol.

Taking into account the many advantages of laser
compared to conventional methods, like hemostasis,
preservation of living tissues near the tooth apex,
absence of vibrations and smells, satisfaction of children
and parents are more guarantied. Concerning the use of
laser in pulp therapy, one of its main advantage and
perhaps actually more important is its safety compared to
other conventional methods and their possible side
effects, especially concerning formocresol which is
strongly criticized in the literature. Nd:YAG laser with
output power of 2W and frequency of 20Hz and Erbium
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laser with power of 0.5W and frequency of 20Hz can be
used for this purpose.??

CONCLUSION

It is apparent that it is time for a change in operative
dentistry. It is not possible to really imitate natural tooth
structure on a long term basis, so it is best that it be
retained as far as possible.

The MID treatment philosophy is not just a technique,
but it should be considered as a conjunction of clinical
preventive strategies and restorative therapies aiming to
facilitate caries management in young children, with
little discomfort and to increase the useful survival
lifespan of primary teeth. This philosophy impacts the
child’s behaviour management on the dental chair
positively because many treatments can be carried out
without local anaesthesia, rubber-dam isolation or high-
speed rotatory instruments, which reduce fear and
anxiety in the patients. MID represents an attractive, cost
effective alternative for improving dental care coverage
and enhancing the quality of life of pediatric patients,
both at the individual and the community level,
particularly in vulnerable or underserved populations.
Because of its several advantages, in comparison with

traditional caries management, MID should be
encouraged and implemented among the pediatric
dentists.
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