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A B S T R A C T

Dental caries, commonly known as tooth decay, remains a significant global oral health concern. Traditional
methods of caries removal, such as mechanical drilling, have proven effective but often result in the removal
of healthy tooth structure and may cause patient discomfort.
As„ 9a result, alternative methods for caries removal have emerged, aiming to preserve tooth structure,
minimize pain, and provide more conservative treatment options. This review article explores various
alternative methods for caries removal, including mechanical methods, chemomechanical methods,
ultrasonic methods, laser-based techniques, cryotherapy, ‘silver diamine fluoride, sealants and ozone based
approaches.
The article summarizes the scientific literature surrounding these methods, including their efficacy,
advantages, limitations, and potential applications. Additionally, the article discusses the potential
challenges and future directions in the field of alternative caries removal methods. By providing a
comprehensive overview of these innovative approaches, this review article aims to contribute to the
growing body of knowledge on minimally invasive dentistry and enhance the understanding of alternative
techniques for caries removal.

This is an Open Access (OA) journal, and articles are distributed under the terms of the Creative Commons
Attribution-NonCommercial-ShareAlike 4.0 License, which allows others to remix, tweak, and build upon
the work non-commercially, as long as appropriate credit is given and the new creations are licensed under
the identical terms.
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1. Introduction

Dental caries, According to world health organization
(WHO), it is defined as “Localized post-eruptive pathologic
process of external origin involving softening of the hard
tissue and proceeding to the formation of a cavity.”1

Sturdevant defined it as “An infectious microbiological
disease of the teeth that results in localized dissolution
and destruction of calcified tissues”. According to Shafers
“Dental caries is a microbial disease of the calcified tissues
of the teeth, characterized by demineralization of the
inorganic portion and destruction of the organic substance
of the tooth, which often leads tocavitations”2,3

* Corresponding author.
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Dental caries, commonly known as tooth decay, is a
prevalent oral health issue affecting individuals of all ages
worldwide. The overall prevalence of dental caries in India
is reported to be 54.16%, with age-specific rates of 52%
among individuals aged 3-18 years and 62% among those
above 18 years.4

Worldwide, dental caries affects nearly 100% of adults
in most countries, and among children, approximately
240 crore (2400 million) permanent teeth and 62.1
crore (621 million) primary teeth are reported to be
affected.5Traditionally, caries removal has been performed
using mechanical methods, such as drilling, to excavate
the decayed tooth structure. However, it is effective, but
this approach may cause discomfort, anxiety, and fear in
some patients, leading to dental phobia and avoidance of
necessary treatments.6
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There are two schools of thought - complete caries
removal and a newer concept referred to as selective
caries removal. Complete caries removal, also known as
"traditional" or "conventional" caries removal, involves the
complete removal of all infected and affected dentin and
enamel during cavity preparation.7The goal is to eliminate
all decayed tissue and create a clean cavity before placing
the dental restoration. It typically uses hand instruments,
dental drills, or rotary instruments to remove the decayed
material.8

Selective caries removal, also known as "minimally
invasive" or "conservative" caries removal, takes a more
conservative approach to caries management.7 Instead of
removing all decayed tissue, dentists selectively remove
only the soft, actively infected dentin, leaving the harder,
more mineralized dentin unaffected. The focus is on
preserving healthy tooth structure while still removing areas
of active caries.9

The choice between complete and selective caries
removal depends on various factors, such as the extent of
decay, the patient’s oral health, their risk of developing
recurrent caries, and the dentist’s clinical judgment.10

In cases where the cavity is shallow and the risk of
residual bacteria is low, selective caries removal may be
a viable option. However, in deeper or more extensive
cavities, complete caries removal may be necessary to
ensure a durable restoration and reduce the risk of future
complications.11Caries-excavating burs such as polymer
burs are designed for more conservative and precise caries
removal, preserving healthy tooth structure.12 Instead of
drilling, air-abrasion systems use a gentler approach. They
direct a stream of air loaded with tiny particles at the
damaged tooth area. This high-velocity "sandblasting"
effectively removes decayed tissue, creating a clean
foundation for further treatment cavity.13 It uses Aluminum
oxide particles (fine for enamel, coarse for dentin). They’re
blasted at 70-120 m/s by 50-80 psi air pressure, angled
45-60 degrees to remove debris and minimize cavity
undercuts. For sensitive patients or cleaning, other options
like sodium bicarbonate or glycine powder are used with
lower pressure.14Sono-abrasion offers a different approach
to removing cavities compared to traditional drilling. It
utilizes high-frequency sound waves emitted by sonic air-
scalers equipped with specially designed abrasive tips.
These tips come in various shapes to precisely follow
the desired cavity outline while gently removing decayed
dentin.15Sonic and ultrasonic devices are commonly used
in several dental practices, such as periodontology and
endodontics. These devices belong to a conservative and
alternative group so-called “micro-traumatic” tool to caries
removal.16Chemomechanical Caries Removal (CMCR):
Uses a chemical agent to soften carious tissue, followed by
gentle excavation, minimizing the need for drilling.17Laser
systems for removing cavities use specific wavelengths

that effectively target either the minerals or the water
content, or both, within the decayed tissue. Unlike ultrashort
pulse lasers that employ plasma-mediated ablation, many
common systems rely on heating water both at the surface
and deeper within the cavity. This rapid heating causes water
expansion, leading to the explosive removal of decayed
tissue. Popular laser systems for this purpose include
the Er:YAG and Er, Cr:YSGG laser.18Beyond traditional
methods, ozone therapy has emerged as a potential ally in
dental care. This approach utilizes a mixture of oxygen and
ozone, often alongside standard treatments, especially when
conventional methods fall short. Proponents highlight its
potential as a gentle and atraumatic treatment option. One
suggested application involves using ozone on decaying
teeth to halt their progression, offering an alternative
to traditional drilling and fillings. Theoretically, reducing
bacterial populations in active caries with ozone could offer
temporary stabilization of the lesion.19 In recent years, there
has been a growing interest in exploring alternative methods
for caries removal that are less invasive, more patient-
friendly, and capable of preserving more healthy tooth
structure. These alternative techniques aim to revolutionize
the way we manage caries and revolutionize the patient
experience during dental procedures.20

This paper aims to provide a comprehensive overview of
the emerging strategies in caries removal, shedding light on
their advantages, limitations, and implications for modern
dental practice. By accepting these innovative techniques,
we can deliver improved oral healthcare experiences,
enhance patient satisfaction, and promote better overall oral
health outcomes for patients.

2. Types of Caries Removal

2.1. Types of caries removal methods

Different caries removal methods can be broadly
categorized based on their primary mechanism of action,
encompassing chemical softening, mechanical abrasion,
laser ablation, ultrasonic method and the utilization of
novel agents like ozone gas each of it offering distinct
advantages and limitations for effective enamel and dentin
excavation.21

2.2. Need for alternative methods for caries removal

The need for alternative methods of caries removal arises
due to several factors. Caries, commonly known as tooth
decay or cavities, is a prevalent dental problem affecting
people of all ages. Traditional methods of caries removal
involve the use of rotary instruments (drills) to remove
decayed tooth material. While effective, these methods have
some drawbacks and limitations. To address these issues,
researchers have been exploring alternative methods with
potential benefits. Here are some reasons why alternative
methods are sought after.22
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1. Minimally invasive dentistry: Traditional drilling
methods often remove more healthy tooth structure
than necessary, leading to the loss of tooth substance.
Alternative methods aim to preserve as much healthy
tooth structure as possible, minimizing damage to the
surrounding tissues.

2. Pain and anxiety reduction: Dental drills can
cause discomfort and anxiety in patients. Alternative
methods that are less invasive and more comfortable
can help improve the overall dental experience for
patients.

3. Fear and phobia management: Dental phobia is a
common problem that prevents many people from
seeking regular dental care. Alternative methods that
are less intimidating may help overcome this barrier.

4. Preservation of tooth vitality: Some alternative
techniques focus on preserving the vitality of the
tooth, allowing it to maintain its natural function and
responsiveness.

5. Faster treatment: Novel approaches may offer faster
and more efficient caries removal, reducing the time
spent in the dental chair.

6. Avoidance of heat and vibration: Dental drills generate
heat and vibration, which can cause discomfort during
the procedure. Alternative methods that do not produce
these effects can enhance patient comfort.

We can categories the alternative method for caries removal
as follows :

3. Mechanical Methods

Mechanical methods are traditional approaches to caries
removal, relying on instruments like burs and excavators to
physically remove infected dentin.

While effective, their efficacy can vary depending on
several factors:23

1. Operators skill and experience: Skilled operators can
minimize healthy tissue removal and achieve precise
cavity preparation.

2. Caries depth and severity: Deep or extensive caries
may require more aggressive removal, increasing the
risk of complications.

3. Instrument selection and technique: Appropriate burs
and excavators used with proper technique can improve
efficacy and reduce invasiveness.24

3.1. Advantages

1. Thorough removal: Can effectively remove even hard,
deeply infected dentin.

2. Precise control: Allows for precise cavity preparation
and margin shaping.

3. Familiar and widely available: Most dentists
have extensive experience with mechanical tools.21

3.2. Disadvantages

1. Potentially invasive: Can remove healthy tooth
structure along with infected dentin.

2. Risk of pulp exposure: Increased risk with deeper
caries, potentially requiring root canal treatment.

3. Sensitivity: May cause post-operative sensitivity due
to dentin removal near the pulp.23

3.3. Polymer burs

Polymer burs commonly consist of Bis-phenol A diglycidyl
ether dimethacrylate (Bis-GMA), Triethylene glycol
dimethacrylate (TEGDMA), and Urethane dimethacrylates
(UDMA). Alternatively, some burs utilize a combination of
Bis-GMA, Polymethyl methacrylate (PMMA), and Methyl
methacrylates (MMA).

These burs are designed to reduce heat generation during
cutting, which helps minimize the risk of damaging the
tooth or causing discomfort to the patient. The use of
polymer burs also decreases the likelihood of producing
microfractures in the tooth structure, promoting better long-
term outcomes.25Due to their softer nature compared to
metal burs, polymer burs are less abrasive and cause
less wear on dental restorative materials like composites,
reducing the potential for restoration damage over time.26

Recently, incorporating nanoparticles into these polymer
matrices has gained traction as a response to two key
demands: enhancing the biocompatibility of the burs
and improving their effectiveness in demineralizing tooth
surfaces.27Furthermore, the use of polymer burs in dental
procedures has been found to reduce the noise level, making
the patient’s experience more comfortable and less stressful
during treatment.

Overall, polymer burs have proven to be a valuable
addition to modern dental practices, offering enhanced
cutting efficiency, reduced heat production, decreased
wear on restorative materials, and a more patient-friendly
experience.

Their increasing popularity demonstrates the benefits
they bring to both dental professionals and patients alike.12

3.4. Air abrasion

The procedure is conservative as it allows for the selective
removal of decayed or damaged tooth structure, preserving
more healthy tooth material compared to traditional drilling
methods. The fine abrasive particles interact with the target
area, causing minimal discomfort to the patient and often
eliminating the need for local anesthesia.28The different
air abrasive particles are Aluminum Oxide (Al2O3),
Baking Soda (Sodium Bicarbonate - NaHCO3), Calcium
Phosphate, Silicon Carbide and Glass Powder.29

Air abrasion offers several advantages, including reduced
noise, less vibration, and a reduced risk of microfractures
compared to traditional dental drills. Moreover, it provides
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better control, enabling dentists to be more conservative
in their approach and maintain more of the natural tooth
structure.13 Its disadvantages are generation of heat during
the procedure, potential for aerosol production, and the
limited ability to remove certain types of restorative
materials. For example might be ineffective for removing
older, stubborn amalgam fillings or large composite
restorations, where traditional drilling methods are more
effective.30

3.5. Sono abrasion

Sono-abrasion is a minimally invasive procedure that uses
high-frequency sound waves to remove decayed tooth
tissue. It is a safe and effective alternative to traditional
rotary instruments, which can cause heat, vibration, and
noise. Sono-abrasion is also less likely to damage the
surrounding healthy tooth structure.31

The various tips used for enamel and dentine caries
excavation are-

Enamel: Use finer grits (50 µm or less) of aluminum
oxide (Al2O3) for initial caries or sensitive patients.

Dentine and deeper lesions: Use coarser grits (60-125
µm) of Al2O3 for efficient removal.32

The procedure is performed using a handpiece that is
fitted with a diamond-coated tip. The tip is vibrated at a high
frequency, which creates sonic energy that is transferred to
the tooth surface. This energy causes the decayed tissue to
break down and be removed.4

Sono-abrasion is a relatively quick and painless
procedure. It can be used to prepare cavities for fillings and
crowns.33

3.6. Limitations of sono-abrasion

1. Limited Effectiveness on Hard Materials: Sono-
abrasion is generally less effective at removing very
hard materials such as old amalgam restorations. For
instance, if a patient has a heavily calcified lesion or a
very old filling, sono-abrasion might not be sufficient,
and traditional methods may be necessary.

2. Generation of Heat: Similar to air abrasion, sono-
abrasion can generate heat during the procedure. This
can potentially cause discomfort or damage to the tooth
if not managed properly. Effective cooling and water
irrigation are required to mitigate this issue.

3. Potential for Sensitivity: The vibrations from
the ultrasonic device can sometimes cause tooth
sensitivity, particularly if the enamel or dentin is
already compromised. This can be uncomfortable for
some patients, especially those with sensitive teeth.

4. Aerosol Production: Sono-abrasion can create
aerosols, which poses a risk for the spread of
infectious agents. Proper suction and infection control
measures are necessary to minimize this risk.

5. Preparation Time and Precision: The process may take
longer compared to traditional methods, especially for
larger or more complex carious lesions. Additionally,
while sono-abrasion provides good control, it may not
always be as precise as hand instruments or rotary tools
in certain situation.14

3.7. Chemomechanical Methods

Chemomechanical methods of caries removal are minimally
invasive techniques used to selectively remove decayed
tooth structure.

This method involves the application of a chemical
agent that softens and loosens the carious dentin, followed
by gentle mechanical excavation to remove the softened
material.17

The most common chemomechanical method is known
as Carisolv.

Carisolv takes a different approach to tackling tooth
decay it’s a chemomechanical agent. Think of it as a two-
part solution that gets mixed just before use.

Part one contains a trio of amino acids (leucine, lysine,
and glutamic acid) along with sodium hydroxide and
sodium chloride, all dissolved in purified water.

Part two is simpler, consisting only of a diluted
sodium hypochlorite solution (0.5%).When combined, these
solutions work together. The amino acids are thought to help
the sodium hydroxide target and break down decayed dentin
more precisely. Meanwhile, the sodium hypochlorite acts as
a disinfectant, taking care of any bacteria.34

Essentially, Carisolv offers an alternative to the
traditional drill by using chemicals to weaken and disinfect
decayed tooth tissue, potentially making the process gentler
and more targeted.35

It consists of a gel-like solution containing enzymes that
target and break down the infected dentin while leaving
the healthy dentin intact. After applying the Carisolv gel,
the softened carious dentin is carefully removed using hand
instruments, such as curettes or spoon excavators.36

Efficacy of chemomechanical caries removal in reducing
cariogenic microbiota found chemomechanical methods
were comparable to traditional methods in removing
bacteria from dentin caries lesions.37

The study showed Carie-CareTM was effective and
comfortable for removing caries in primary teeth compared
to ttraditional methods.38

Limitations of existing chemomechanical agents,
including their slowness and limited effectiveness for deep
caries.39

The key advantages of chemomechanical caries removal
are its conservative nature, as it preserves more of the
healthy tooth structure, and its minimal discomfort for the
patient, often eliminating the need for local anesthesia.
Additionally, the risk of damaging the pulp or creating
microfractures in the remaining tooth structure is reduced.40
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However, it’s essential to note that chemomechanical
methods are most suitable for shallow to moderate caries
lesions and may not be as effective for extensive or deep
decay. In such cases, traditional drilling techniques or
alternative approaches may be necessary.41

Overall, chemomechanical methods offer a viable and
patient-friendly option for caries removal in specific cases,
aligning with the principles of minimally invasive dentistry
and improved patient experience.42

3.8. Ultrasonic Method

Ultrasonic methods of caries removal involve the use
of ultrasonic instruments to selectively remove decayed
tooth structure. These instruments utilize high-frequency
vibrations to break down and remove the infected dentin
while preserving the healthy dentin.

Ultrasonics are generally used in two types of
frequencies-

1. Lower frequencies (25,000-30,000 Hz) tend to be
more effective for removing softer caries and debris,
while minimizing heat generation and damage to
healthy dentin.

2. Higher frequencies (35,000-45,000 Hz) provide
greater cutting efficiency for harder dentin but raise the
risk of heat generation and potential damage to healthy
tissue.43

The ultrasonic device consists of a handpiece with a
small, vibrating tip that can be directed precisely to the
carious area. When activated, the tip vibrates at ultrasonic
frequencies, causing cavitation and microstreaming effects.
These actions help to dislodge and remove the decayed
dentin from the tooth.44

The benefits of ultrasonic caries removal include its
minimally invasive nature, which allows for the preservation
of more healthy tooth structure. It also reduces the risk
of damaging the pulp and decreases patient discomfort
during the procedure, often eliminating the need for local
anesthesia.

Additionally, ultrasonic methods can be more effective
in removing caries from difficult-to-reach areas, such as
narrow pits and fissures. The fine and controlled vibrations
of the ultrasonic tip allow for precise and targeted caries
removal.45

3.9. Ozone Method

The ozone method of caries removal is a dental approach
that utilizes ozone gas to treat decayed tooth tissue. Ozone,
a molecule composed of three oxygen atoms, is applied to
the affected area using a specialized device.46

Upon contact, ozone’s oxidative properties break down
bacterial cells and organic matter in the decayed tooth
structure, aiding in disinfection and tissue removal. This

technique aims to minimize damage to healthy tooth
structure and has potential antimicrobial benefits.47

3.10. Laser Method

The laser method of caries removal involves using a focused
laser beam to selectively target and remove decayed tooth
tissue. This precise technique can help minimize damage
to healthy tooth structure. The laser’s energy is absorbed
by the decayed area, causing it to vaporize or be expelled.
This method offers potential advantages, such as reduced
discomfort and the possibility of preserving more of the
natural tooth. However, its effectiveness depends on factors
like the type of laser used and the extent of decay.48

Types of lasers :-can be used for caries removal, each
with its own advantages and disadvantages:

Erbium:YAG (Er:YAG) lasers: These are the most
common type for caries removal, effectively ablating
infected dentin with minimal tooth structure loss. They offer
excellent precision and control, especially in hard-to-reach
areas.

1. Diode lasers: Less powerful than Er:YAG lasers,
they’re primarily used for removing soft decay and
preparing tooth surfaces for bonding. They offer gentle
heat generation and are often preferred for sensitive
patients.

2. Carbon dioxide (CO2) lasers: These high-power lasers
are mainly used for soft tissue procedures but can
be utilized for deep caries removal in specific cases.
Their use requires caution due to potentially higher
heat generation and tissue damage.

3.11. Efficacy of lasers

Studies have shown lasers to be effective in removing caries,
particularly compared to traditional rotary instruments.
They offer several advantages:

1. Reduced invasiveness: Lasers preserve more healthy
tooth structure, minimizing the risk of pulp exposure
and future sensitivity.

2. Precise control: Laser beams can be precisely targeted,
minimizing damage to surrounding tissues.

3. Better visibility: Laser ablation often creates
clean margins, improving visibility for restoration
placement.

4. Painless and comfortable: Many patients experience
less discomfort with laser procedures compared to
drills.

However, lasers also have limitations:

1. Slower removal: Laser ablation can be slower than
rotary instruments, particularly for deep caries.

2. Costly equipment: Laser therapy is currently more
expensive than traditional methods.
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3. Not suitable for all cases: Deep caries close to the
pulp might not be ideal for laser treatment due to heat
generation concerns.

Overall, lasers represent a promising approach for
caries removal, offering benefits such as precision,
minimal invasiveness, and patient comfort. However, their
wider adoption depends on cost-effectiveness, improved
technology, and further research on their long-term
outcomes.

4. Conclusion

Dental caries, or tooth decay, is a common oral health
problem caused by bacterial activity that demineralizes
tooth enamel. While traditional caries removal involves
mechanical drilling, several alternative methods have
emerged, aiming to provide more conservative and efficient
approaches.

4.1. These alternative methods include

Air abrasion: Uses high-pressure streams of abrasive
particles to gently remove decayed material, preserving
more healthy tooth structure.

Chemomechanical removal: Applies a chemical agent to
soften carious tissue before mechanical removal with hand
instruments.

Ultrasonic method: Employs high-frequency vibrations
and water irrigation to eliminate decayed tissue with
minimal damage to healthy structure.

Ozone method: Utilizes ozone gas to treat carious
lesions, leveraging its oxidative properties to break down
decayed tissue and disinfect the area.

Laser technology: Allows for precise tissue interaction,
vaporizing decayed material while minimizing damage to
healthy tooth structure.

These alternative approaches offer potential benefits such
as increased preservation of healthy tooth structure, reduced
patient discomfort, and less need for anesthesia. However,
their effectiveness varies depending on factors like the
extent of decay, dentist expertise, and individual patient
needs.

While these methods show promise for less invasive
and more patient-friendly treatments, each has its own
limitations. The choice of method should be based on
careful consideration of the specific case and consultation
with a qualified dentist. Ongoing research and clinical
studies are crucial to further establish the effectiveness
and long-term outcomes of these alternative caries removal
methods in various clinical scenarios.
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