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Objectives. In recent years, the management of dental caries has evolved significantly. Caries prevention, early detection, and
a diagnosis based on risk indicators and risk factor assessments are the most current practical approaches. Furthermore, as
proposed in minimally invasive dentistry, the new management approaches preserve healthy tissue and maintain pulp vitality.
This article overviews the latest minimally invasive dental caries management and treatment options. The information will assist
the reader in the early detection, diagnosis, and treatment of dental caries. Materials and Methods. The PubMed (MEDLINE)
search engine was used to gather the most relevant information on dental caries. The search was restricted to five years (May 30,
2018-May 29, 2022), and only English-language studies were accessed. A Boolean search of the PubMed data set was implemented
to combine a range of keywords. The following filters were applied: abstract, free full text, full text, clinical trial, randomised
control trial, systematic review, meta-analysis, and review. More studies were also obtained by manual searches from Google
Scholar and textbooks on dental caries. Results. By using this process, 683 articles and studies were obtained. The most relevant
published studies were chosen and used in the current review. The selected articles are included in the references list. However, the
search extended to cover the last five years as our understanding and management of dental caries have changed significantly.
Conclusions. Early detection and diagnosis of caries based on risk indicators and risk factor assessments are effective. Furthermore,
minimally invasive restorative techniques are beneficial in managing dental caries and preserving healthy tissue and should be
used whenever possible. This new information, knowledge, and materials should encourage professionals to implement this
method. Having a strategy and system based on patient-centred care is critical, and our dental responsibilities must prioritise
patient-centred care.

restoration-rerestoration cycle [4]. Therefore, when re-
storative intervention is needed, the procedure used should

Management of dental caries has changed significantly in
recent years [1-3]. The most contemporary practical ap-
proaches are based on early caries detection and prevention.
They are also built on making a diagnosis based on risk
indicators and risk factor assessment [1, 3, 4].

The new management approaches aim to preserve
healthy tissue, as proposed in minimally invasive dentistry
[1, 2, 5]. This aims to achieve several goals, such as the
implementation of a preventive philosophy, individualised
risk assessments for patients, early detection of carious le-
sions, and remineralization of the noncavitated lesion [2, 3].

Restorative procedures are damaging to tooth tissue and
may endanger the tooth in the long term when it enters the

be as minimally invasive as possible [3, 5]. This includes
repairing, refurbishing, or polishing rather than replacing
defective restorations [1, 6, 7].

Nevertheless, when the pulp is exposed by caries, it can
be managed in a more conservative way than that pre-
viously used. This includes using vital pulp treatment
(VPT) such as partial or complete pulpotomy instead of
pulpectomy [2, 8].

Unfortunately, many dentists continue to treat dental
caries and pulp disease with invasive procedures [9].
However, it will undoubtedly take time for a shift to non-
invasive and minimally invasive approaches in everyday
clinical practice [5, 10-12].
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This article provides an overview of minimally invasive
dental caries control. It also discusses the different pro-
cedures used to accomplish minimally invasive dentistry
based on the extension of the carious lesion. This in-
formation will assist the reader in detecting, diagnosing, and
treating dental caries in its early stages as well as when it
reaches the dentine, utilising minimally invasive treatment
options.

2. Materials and Methods
(Searching Procedure)

2.1. Search Strategy. The MEDLINE [13] database through
PubMed was used to identify papers containing dental caries
and associated definitions, epidemiological considerations,
aetiological agents, and risk factors. A Boolean search was
used to combine a variety of terms. The following filters were
also used: abstract, free full text, full text, clinical trial,
randomised controlled trial, systematic review, meta-
analysis, and review. The search was restricted to a five-
year period (May 30, 2018-May 29, 2022) and only English-
language studies. The most relevant published studies that
met the set inclusion criteria were chosen and used in the
current review.

2.2. The Inclusion and Exclusion Criteria. Studies on dental
caries and caries lesions published in English-language in the
last five years period (May 30, 2018-May 29, 2022) were
selected. These included:

(i) In vivo studies (prospective and retrospective)
(ii) In vitro studies on the histology of dental caries

(iii) Data on dental caries and caries lesions obtained
from

(i) Peer-reviewed articles
(ii) Systematic review and meta-analysis
(iii) Google Scholar
(iv) Recently published textbooks
(v) Manual searches from the reference list of
selected articles.

Exclusion criteria included studies that did not meet the
inclusion as mentioned above criteria.

3. Results

Six hundred and eighty three articles and studies were
obtained. The references list includes the articles and studies
used in this review.

3.1. Dental Caries. Dental caries is a complex multifactorial
disease characterized by demineralisation of dental hard
tissue (enamel, dentine, and cementum) in deciduous and
permanent teeth [1, 3, 4, 7, 14-16]. If properly managed,
dental caries is a preventable and a reversible disease [14].

Four elements are necessary for the development of
dental caries. These elements are bacterial biofilm (plaque),
fermentable carbohydrates, dental hard tissue, and time [17].
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Furthermore, personal and oral environmental factors have
a substantial impact on the onset and course of the disease
(3, 14].

3.2. Examination, Detection, and Diagnosis of Dental Caries

3.2.1. Visual-Tactile and Radiographic Examination of Dental
Caries. The diagnosis of dental caries is based on the clinical
examination, commonly carried out by a visual-tactile
method [18-20], which is frequently supported by a radio-
graph [21]. Furthermore, fibre-optic transillumination
(FOTI), electrical conductivity, and laser fluorescence are
frequently used to diagnose dental caries [22].

The visual examination requires good lighting and
a clean, dry tooth [23]. It is also essential to clean the tooth
surface before the examination [24] (Figure 1).

Traditionally, the dental explorer is used clinically in
detecting carious lesions. However, its use is controversial
and debatable because it provides no further benefits
[25, 26]. For instance, sticking the explorer in the fissure
does not necessarily indicate caries exists but may indicate
that the explorer fits snugly in the fissure. Moreover, the
explorer may cause irreversible physical damage to the
demineralized fragile surfaces [4, 25, 27]. The use of the
explorer may also lead to spreading cariogenic bacteria
deeper and can settle in areas where routine oral hygiene
procedures are ineffective. A dental explorer can also
transmit cariogenic bacteria from infected to noninfected
pits and fissures [28]. Furthermore, using the explorer has
low sensitivity values [14, 28].

3.2.2. Radiographic Assessment. The visual inspection
combined with a radiographic examination is routinely used
to examine and diagnose occlusal and proximal caries
[19, 21, 26]. However, it should be remembered that radi-
ography is 2-dimensional imaging of a 3-dimensional object
and that at least 25% of the mineral content of tooth
structure has to be lost before dental caries can radio-
graphically be seen [29]. For instance, cavitation is unlikely
when interproximal carious lesions are radiographically
confined to the enamel. Carious lesions, on the other hand,
are more likely to cavitate if they reach the middle third of
the dentine. Lesions that reach the dentine’s outer third or
are located around the dentin-enamel junction are more
likely to vary [12].

We should be aware that radiographs may underestimate
the extension of the carious lesion as it is more likely to be
deeper than its radiographic image [26]. The interpretation
of radiographs should be carried out with caution, as dis-
tinguishing between artefacts such as burn-out or Mach
bands and proximal caries is challenging. Furthermore,
overlapping, overexposure, and underexposure may nega-
tively affect the images of the carious lesion.

When a dental radiograph is required, its use must be
optimized with the goal of limiting the patient’s exposure to
ionizing radiation following the ALADAIP principle (As Low
as Diagnostically Achievable being Indication-oriented and
Patient-specific). The alternative, such as fibre-optic
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FI1GURE 1: Teeth should be cleaned to remove food debris that may conceal dental caries. A carious lesion is covered by food debris in (a), and

it is visible after cleaning (b).

transillumination, should always be considered [30, 31]. The
transillumination technique can be used to detect proximal
carious lesions. However, unlike bitewing radiographs,
transillumination cannot be used to monitor dental caries [21].

3.2.3. Histological and Clinical Description of Carious
Lesions. (1) Carious Lesions in Enamel (White Spot Lesion,).
The first stage of enamel caries is observed as a demineral-
isation area seen clinically as a white spot lesion (WSL)
[32, 33]. The WSL is also known as an initial or early carious
lesion. It appears clinically as a chalky white zone when the
tooth surface is dry (Figure 2). The high porosity in the
subsurface zone due to demineralisation gives the WSL this
distinct appearance [29]. In contrast to the subsurface, the
surface is relatively intact, with a small number of pores. The
contents of the pores (saliva or air) alter light transmission
due to differences in the refractive indices of enamel, air, and
saliva. Air, water, and enamel have refractive indices of
1.00n, 1.33n, and 1.66n, respectively. As the difference in
refractive indices between enamel and air is about 0.66n,
caries is more visible when the saliva in the enamel pores is
replaced with air when the tooth is dry. As a result, the tooth
surface and suspected lesion must be dry, allowing water in
the pores to be replaced with air, allowing WSL to be seen
clearly. Figure 2 represents clinical images of WSLs.

WSL is also common around fixed orthodontic appli-
ances and is considered a significant challenge during fixed
orthodontic treatment [32-35].

The WSL is made up of four zones: the surface zone, the
body lesion, the dark zone, and the transparent zone. The
surface zone is relatively intact, with a pore volume of less
than 1%. The body zone, which is located between the
surface and the dark zone, is the most demineralized, with
pore volumes ranging from 5% to 25%. The dark zone

FIGURE 2: A clinical photograph of a white spot lesion on the canine
cervical region (the blue arrow).

contains pore volume ranges of between 2 and 4%. The
transparent zone is the innermost zone in the advancing
front of the lesion and has a pore volume of around 1% and
somewhat more pores than sound enamel. However, it is not
always present. Figure 3 schematically displays the demin-
eralized enamel zones (WSL) [29].

(2) Carious Lesions in Dentine. Dentine and enamel have
structural differences, so the progression of caries in dentine
differs from that in enamel. Dentine has low minerals and
contains microscopic tubules that allow bacteria to enter and
minerals to exit, causing the enamel lesion’s body to become
increasingly demineralized. Consequently, the surface
enamel weakens and eventually collapses [1, 29].

Caries dentine is histologically divided into four zones:
soft (infected) dentine, firm (affected) dentine, dark zone
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FIGURE 3: A schematic representation of histological zones of
noncavitated demineralized enamel carious lesion (WSL).

and transparent zone. The first and second zones are more
clinically relevant than the third and fourth zones. As
a result, the discussion will focus on these two zones.

(a) Soft dentine

Soft dentine was previously referred to as infected
dentine, and it is also known as outer dentine caries.
It is the most superficial, necrotic, and irreparable
dentine. It is easily excavated with a hand excavator
and removed with rotary tools [29]. Its mineral
component is dissolved by the acid, and its collagen
matrix is denatured by proteolytic enzymes [9].
Dentinal tubules are enlarged and deformed, and
they contain a great number of bacteria (Table 1).
Clinically, the soft dentine is seen as dark-brown,
soft, moist, and mushy [4].

The soft dentine is frequently removed during the
caries removal step of cavity preparation because it is
necrotic, irreparable, and cannot serve as a reliable
binding substrate for the adhesive material to pro-
duce a reliable seal [1, 2, 7]. In recent years, there has
been widespread agreement that soft dentine can be
preserved near the pulp [1, 2].

(b) Firm dentine

Firm dentine was formerly known as “affected” dentine
[1]. It is also called inner carious dentine. It is firmer
than the soft dentine and resistant to hand excavation
because of its high mineral and collagen contents
(Table 2). Its mineral dissolution is lesser than that of
the soft dentine. However, firm dentine is considered
partially demineralized dentine. It is a paler brown,
sticky, harder, and scratchy to a sharp probe [19]. Firm
dentine can be found directly beneath soft dentine. It is
slightly demineralized, yet it is still capable of remi-
neralization and recalcification. Continuous mineral
deposition within the tubules beneath a carious lesion
process causes tubular obliteration and sclerosis, po-
tentially lowering bond strengths.

The collagen cross-linking remains intact and can
serve as a template for remineralization of inter-
tubular dentine. As a result, if the pulp remains
viable, firm dentine can be remineralized.

(c) Hard dentine
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TaBLE 1: The features of soft dentine.

(i) Loaded with a high volume of bacteria

(ii) Has low mineral content (demineralized)

(iii) Has irreversibly denatured collagen

(iv) Histologically, it may be referred to as necrotic and
contaminated

(v) Clinically, it can be easily excavated with hand and rotary
instrumentation

(vi) It may be retained in extremely deep carious lesions when the
possibility of pulp exposure is high

TaBLE 2: The characteristics of the firm carious dentine.

(i) Characterised by demineralisation of intertubular dentine
(ii) Initial formation of intratubular fine crystals at the advancing
front of the caries lesion

(iii) The tubule lumen becomes filled with minerals

(iv) Histologically, firm dentine may be referred to as
demineralized

(v) Due to the demineralisation process, firm dentine is softer than
hard dentine

(vi) Clinically, unlike soft dentine, firm dentine is resistant to hand
excavation and can only be removed by exerting some pressure

It includes normal (sound), tertiary, and sclerotic
dentine. Clinically, it cannot be easily penetrated
with a blunt explorer and can only be removed by
a bur or a sharp cutting instrument.

The dentine-pulp complex responses to thermal,
chemical, bacterial, or mechanical stimulation, caries, and
fracture lead to tertiary dentine formation. The tertiary
dentine can be classified into reactionary and reparative
dentine [36]. The former results from a mild stimulus, such
as normal tooth wear and the latter is due to an extensive
injury, like caries/cavity preparation [37].

Reactionary dentine is formed by odontoblasts in the
pulp chamber wall near the area corresponding to the
damage caused by factors such as carieses. In the event of
pulp exposure, newly differentiated odontoblast-like or
odontoblastoid cells replace irreversibly injured odonto-
blasts at the exposure site, forming a reparative a tubular
dentine bridge [29, 38]. Figure 4 displays firm and hard
dentine.

4. Caries Removal Strategies

In general, there are two approaches to caries removal of
cavitated carious lesions in teeth with sensible and
asymptomatic pulps: nonselective caries removal and se-
lective caries removal [3, 5, 7, 39].

(a) The nonselective caries removal (complete caries
removal) approach

-It is the traditional method of treating dental caries
[3, 40]. It represents the removal of both soft and firm
dentine, regardless of the closeness of the carious
lesion to the pulp. It is also known as complete caries
removal or complete caries excavation. It can also be
denoted as caries removal to hard dentine. This
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FIGURE 4: Nonselective caries removal to hard dentine at the periphery (black arrows) (a). Green arrows indicate soft dentine, (b) selective
caries removal to firm (affected) dentine overlying the pulpal aspect (red arrows).

method removes caries dentine; soft and firm caries
regardless of depth or proximity to the pulp. This
approach’s rationale is that caries is prevented from
spreading further as all bacteria and caries are
eradicated [1, 7, 41]. Furthermore, restorative mate-
rials can be effectively placed and retained because
a strong basis is available by providing hard sound
dentine [1, 3] However, it is associated with a high rate
of pulp exposure [1, 3, 7, 41]. This method is deemed
nonconservative and excessive, and its validity is
being questioned. This is because there are no
evidence-based arguments to justify its use [I, 3].
Nevertheless, it may be implemented when the car-
ious lesions are not close to the pulp.

(b) The selective caries removal approach

In this method, caries are selectively removed
according to their proximity to the pulp, and
therefore, soft and/or firm dentine is left and pre-
served. This approach is also known as the partial
caries removal (PCR) method [3, 5, 7, 39]. This
approach is categorised into a one- or two-step
method [1]. In the one-step method, the caries
dentine is selectively removed, and the cavity is
restored with a permanent restoration in a single
visit. Indirect pulp capping (IPC) is an example of
a one-step method of this approach. In contrast, the
two-step caries removal technique, such as the
stepwise (SW) method, involves removing carious
dentine in two different clinical appointments [42].

The reasons for using the selective caries removal methods
are to avoid pulp exposure and maintain the pulp vitality.
According to Bjerndal et al. [43], the pulp exposure rate in the
SW method was significantly lower than in the nonselective
caries (complete) removal to hard dentine (21.2% versus 35.5%).
The differences were statistically significant (P = 0.014) [43].

Supporters of the one-step selective caries removal
technique argue that re-entry, advocated for use in the two-
step (SW method) technique, is unnecessary as it may en-
danger the pulp and lead to its exposure [3, 7, 44]. On the
other hand, supporters of the two-step procedure debate that

the soft dentine left in the one-step technique will shrink,
resulting in a defective permanent restoration [1].

The selective caries removal method is further divided
into two subcategories based on the type of caries dentine
removed: selective caries removal to soft dentine and se-
lective caries removal to firm dentine. While the soft dentine
is preserved in the first method, the soft dentine is removed,
but the firm dentine is preserved in the second. Figure 4
shows a carious lesion before and after caries removal to
hard and firm dentine. It is important to note that the terms
soft and firm dentine previously denoted infected and af-
fected dentine, respectively. These two terms are used in this
article.

(i) Selective caries removal to soft dentine (soft dentine
is retained)

The pulpal and axial soft caries dentine is left to
prevent pulp exposure and “stress” to the pulp.
However, the peripheral dentine and dentine-
enamel junction are carried out using rose head
burs or a sharp excavator until hard, dry dentin
remains (nonselective) to ensure an appropriately
sealed restoration. Compared to nonselective caries
removal to hard dentine, this approach dramatically
minimizes the likelihood of pulpal exposure
[3, 43, 45]. As a result, it is advised to use it in
extremely deep cavitated carious lesions.

(ii) Selective caries removal to firm dentine (firm den-
tine is retained)

This method varies from the previous approach in that
soft dentine is removed from the cavity’s pulpal aspect while
firm dentine is retained near the pulp [2]. It is recommended
for use in shallow or moderately deep cavitated dentine
carious lesions to avoid pulp exposure and maintain pulp
vitality. However, as previously mentioned, the cavity’s
boundaries should consist of only hard dentine. This ap-
proach is also indicated when lesions radiographically ex-
tend to less than the pulpal third or quarter of the dentine.
Nevertheless, it should be avoided if the carious lesion is
exceedingly deep and close to the pulp, as pulp exposure is
inevitable [1, 3, 19].



5. Noncarious Removal/Caries
Sealing Approach

It is indicated for a clinically noncavitated occlusal carious
lesion that radiographically appears to extend into the
dentine. Hence, these lesions may be sealed using fissure
sealants when plaque control alone is insufficient to stop the
decay [7, 41]. However, continuous monitoring is required
to ensure the integrity of the sealant material and that the
lesion does not progress [7, 41]. This approach may also be
indicated for use in selective cavitated carious dentine le-
sions [30, 46]. Consequently, the carious lesion becomes
inactive because it is sealed. Composite resins or glass
ionomers are used as sealant materials. This method is
discussed below.

6. Nonrestorative Cavity Control
(NRCC) Approach

This method is determined by the shape and depth of the
carious lesion, the patient’s ability to maintain good oral
hygiene and avoid plaque accumulation, and the patient’s
aesthetic requirements. The cavity opening is widened to
make it more cleanable, easy to clean and improve patients’
abilities to clean it [7, 41]. As a result, the patient cleans the
teeth repeatedly to remove the biofilm to stop the pro-
gression of the lesion, remineralization therapies such as
fluoride through toothbrushing is utilized [7, 47]. It is critical
to change patient behaviour to control the biofilm and
change the habits that led to the development of the lesion
[7]. Hence, it is also crucial to educate the patient about the
causes of dental caries and how they can be reduced or
eliminated. This approach is also recommended in cases of
early-stage active root surface caries with a shallow defect
[22]. As a result, good oral hygiene and fluoride treatment
can be tried first to promote remineralization and manage
caries [22].

7. Methods of Management of Carious Lesions

Patients who have been treated for dental caries are still at
risk of developing more carious lesions and disease pro-
gression in the future, if risk factors are not successfully
controlled. These patients will require long-term care.

7.1. Caries Management by Risk Assessment [48, 49].
Prevention is always better than cure, and different phases
and activities of caries may necessitate a different man-
agement method. The Caries Management by Risk As-
sessment (CAMBRA) system, developed in 2002, is regarded
as a reliable patient-centred approach. It takes a patient’s
health and lifestyle risk factors into consideration. It is based
on peer-reviewed publications that looked at caries risk
assessment and the impact of saliva and nutrition in caries
development [50]. The CAMBRA approach was evaluated
and validated for usage, and it has been shown to be useful
guidance to health care professionals for caries evaluation
and management [48]. Accordingly, patients are divided
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into three groups based on their risk of developing dental
caries: high, moderate, and low risk. Its adoption allows for
tailored preventative counselling and action based on the
individual’s risk level [48]. The CAMBRA guidelines are
summarized in Table 3.

Chemical therapy that represents the use of an anti-
bacterial agent and fluoride treatment is required for high-
and extreme-risk patients. To lessen the bacterial challenge,
change the biofilm, and provide prevention rather than
ongoing caries development, fluoride therapy must be
supplemented by the use of an antibacterial agent [48]. A
combination of daily antibacterial therapy (0.12% w/v
chlorhexidine gluconate mouth rinse) and twice daily high
concentration fluoride toothpaste (5,000 ppm fluoride), both
for home use, are recommended for high-risk and extreme-
risk patients [48].

In high-caries-risk adult individuals, daily usage of
a combination of chemical therapy and restorative treatment
was observed to decrease caries by 20-38% [48]. Topical
fluoride has resulted in a considerable decrease in smooth
surface caries [48].

However, according to Momoi and associates [22],
cavity preparation is indicated and intervention immediately
needed where more than one of these findings is evident:

(1) A cavity is visually detected after cleaning and drying
the tooth.

(2) There is pain or discomfort from cold water or food-
impaction.
(3) There is unacceptable appearance.

(4) Radiographs reveal carious lesions penetrating more
than a third of the dentin.

(5) A patient is at high risk of caries.

7.2. White Spot Lesions and Their Management (WSLs).
Recently, there has been widespread agreement that sealing
noncavitated carious lesions is a viable option for controlling
the carious lesion even if they have reached the outer dentine
surface. This is one of the most conservative approaches to
preserving tooth structure and pulp vitality while avoiding
invasive treatment. The method is referred to as the
“microinvasive concept” [51].

WSL can be treated noninvasively, as a result, with good
oral hygiene, the use of fluoride-containing toothpaste,
mouthwash, gels, and varnish, casein phosphopeptide
amorphous calcium phosphate (CPP-ACP) and casein
phosphopeptide-amorphous calcium phosphate fluoride
(CPP-AFCP), are all advised [30, 34, 52-54]. It can also be
managed using the resin infiltration technique, which has
been shown to delay or reverse the progression of non-
cavitated carious lesions [55]. This method is discussed in
more detail below.

7.3. Sealing of Noncavitated Caries Lesions. As previously
mentioned, sealing the noncavitated carious lesion has been
shown to stop lesion progression in vivo and in vitro ef-
fectively [51, 56-58]. A proximal carious lesion can be sealed
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TaBLE 3: A summary of the CAMBRA guideline.

Caries management by

risk assessment (CAMBRA)
is used to

produce a custom

risk assessment for
individual patients [48]

(1) Assess risk indicators
(2) Assess risk factors
(3) Assess protective factors
(1) Risk indicators
(i) The “WREC” (an acronym for risk indicator factors). These
factors consist of the followings
(a) White spot lesions
(b) Restorations (in last 3 years)
(c) Enamel lesions visible on radiographs
(d) Cavitation into dentine
(2) Risk factors
(i) BAD (an acronym for risk factors). These factors consist of
the followings
(a) Bacteria (Streptococcus mutans and Lactobacilli 103-105 cfu)
(b) Absence of saliva
(c) Dietary habits (frequency of snacking with sugary foods;
poor oral hygiene)
(3) Protective factors
(i) SAFE (is an acronym for protective factors). These factors
include
(a) Saliva and Sealants
(b) Antibacterial (chlorohexidine)
(c) Fluoride
(d) Effective diet/lifestyle habits (including plaque control; use
of xylitol)

after separating the affected tooth to reach the lesion. Resin
infiltration and sealing were more effective than noninvasive
treatments (e.g., fluoride varnish) for halting noncavitated
proximal lesions, according to Chen et al. [51].

The material used as a sealer has a significant effect on
the efficiency of the sealing outcome. For instance, according
to Arslan et al. [57], selection of resin type is critical as
certain resins may be affected by water sorption over time
than other resin materials. As a result, this approach must be
used with extreme caution. Care must be taken in case
selection, application, and follow-up. However, more long-
term randomised clinical trials are needed to contribute to
this body of evidence [59].

Sealing and resin infiltration of the carious lesion are
two microinvasive approaches. Both involve the removal of
the dental hard tissue surface at the micron level, typically
performed during an etching step, such as in sealing or
infiltration techniques [12]. The infiltration techniques
involve etching with an acid such as 15% HCl-gel for
a specific time, such as 120seconds, followed by an in-
filtrating resin (“Resin Infiltration”; Icon; DMG)
[11, 12, 60]. Table 4 shows the literature-proposed man-
agement of noncavitated carious lesions [12]. A summary
of several studies on noninvasive, microinvasive, and
minimally invasive carious lesion management is presented
in Table 5. Consequently, the following conclusions are
reached:

(1) Educating patients on proper oral hygiene and diet
habits is critical to avoid or halt the progression of
dental caries.

(2) Noncavitated proximal lesions were stopped more
effectively with infiltration and sealing than non-
invasive treatments.

(3) Infiltration outperforms sealing in slowing the
progression of noncavitated caries lesions.

7.4. Step-Wise (SW) Caries Removal (Excavation) Technique.
The procedure involves two independent sessions spaced six
months apart to allow changes in the dentine and pulp to
take place [1, 19, 43, 66]. It is indicated when the carious
lesion is close to the pulp radiographically (about 75% into
the dentine). The rationale behind the SW caries removal
technique, is that partial caries removal (PCR) followed by
tooth sealing will result in the lesions being arrested. Fur-
thermore, the counts of anaerobic and aerobic bacteria,
Lactobacilli, and Streptococci mutans would have decreased
significantly by the end of treatment [44]. Therefore, caries
control does not necessitate complete dentinal caries re-
moval [44], as mentioned earlier. The SW technique is
a viable treatment option irrespective of patient age, though
it may be more successful in younger patients [66].

In the first visit, the selective caries removal to soft
dentine approach is used, and the tooth is then restored with
glass ionomer restoration. In the second appointment, 6 to
12 months later, a fresh periapical radiograph, to evaluate
periapical pathosis, should be taken. Any signs or symptoms
of a possible pulp pathosis should be evaluated, and a sen-
sibility/vitality test must be performed. Selective removal to
firm/hard, dry dentine is carried out centrally, or glass
ionomer may be used as a base with no additional tissue
removal, followed by a composite resin restoration [10].

The SW technique can also be used successfully with
a calcium hydroxide-containing base material and a tem-
porary filling [22, 67].

In contrast, some clinical studies have reported prom-
ising results in which carious dentine was left in deep
cavities, and the cavities were restored with final restoration
without re-entry [68, 69].

7.5. Indirect Pulp Capping. Indirect pulp capping (IPC) is
considered as a selective caries removal to soft dentine [1, 3, 70].
The IPC approach is usually used in deep cavity preparations
with or without residual carious dentine that is near to the pulp
but does not display apparent pulp exposure [70, 71]. It
promotes reparative dentine formation by using material over
sound or carious dentine [72]. Hence, it is an example of
a selective carious removal method as soft caries dentine is
selectively removed [1, 3]. It aims to preserve the vitality of the
pulp by selectively removing the caries soft dentin followed by
the placement of a therapeutic material such as calcium hy-
droxide. Calcium hydroxide is traditionally used as a liner,
followed by a permanent filling material. However, the use of
calcium hydroxide has been questioned due to various
drawbacks; as a result, it has been replaced by other bio-
materials such as calcium silicate-based materials [71, 73].
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This method can be carried out in one or two steps. The
final restoration can be placed in the same visit when the
one-step method is used. If necessary, a second appointment
is scheduled after 6-8 weeks.

7.6. Atraumatic Restorative Treatment. It was developed in
the mid-eighties to treat caries in children living in eco-
nomically underdeveloped areas with limited resources and
amenities such as electricity and professional staffing
[30, 54, 74]. Atraumatic restorative treatment (ART) is
a minimally invasive technique that involves the removal of
decayed tissue with hand instruments alone, usually without
the use of anaesthesia or electrically powered equipment,
and the restoration of the dental cavity with glass ionomer
cement or resin-modified glass-ionomer cement and
compomers [75]. It consists of two clinical steps that are
performed at the same clinical appointment. In the first step,
soft caries dentine is removed with hand instruments and
then restored with high-viscosity glass ionomer restorative
material. The nearby pits and fissures are sealed with the
same material in the second step. Hence, a high-viscosity
restorative glass ionomer fills the cavity and is pushed into
the adjacent pits and fissures using the “press-finger”
technique. Other restorative materials were also used in
a subsequent version of the original procedure [30].

The ART is a valuable therapeutic technique, especially
in children, anxious patients, and those with special needs,
living in housing for older people, in remote areas or under-
resourced communities and the out-reach environment
when the appropriate dental instruments and equipment are
not available [30]. The advantages of ART include the
preservation of tooth structure and the absence of the need
for alocal anaesthetic, resulting in less discomfort than other
standard treatments. The effectiveness of ART, on the other
hand, is governed by a variety of factors, including the
prevalence of caries, the material used, and the operator’s
experience [17].

7.7. Preventive Resin Restoration. It is also known as con-
servative composite restoration (CCR). Preventative resin
restoration (PRR) is a minimally invasive method that is
usually indicated for restoring small carious lesions in the
posterior teeth [76]. It involves the removal of caries in one
stage [76, 77]. Only caries affected pits and fissures are
prepared to receive the filling. The pit and fissure caries are
removed, and composite resin is used as a permanent res-
toration. Glass ionomer may be used as a liner when the
carious lesion reaches the dentine. When the resultant cavity
is narrow, a flowable resin is usually used [78]. The
remaining fissures are then etched and sealed with a fissure
sealant material.

8. Discussion

Prevention is always better than cure. It is critical to have
a strategy or procedures to combat caries before it occurs. A
system that focuses on community education programmes
would be highly beneficial [47, 79].

International Journal of Dentistry

The most current strategy for controlling dental caries is
an evidence-based approach focused on risk assessment and
disease prevention [22]. As a result, a shift from compre-
hensive eradication of carious lesions to a selective caries
removal concept and a minimally invasive or even non-
restorative model has been advocated in recent years [80].

The minimum intervention method is based on a pre-
ventative strategy and customized risk assessments; as
a result, each patient’s condition is handled and managed in
accordance with his or her level of risk. Therefore, reliable,
early diagnosis of lesions and remineralization of non-
cavitated lesions are essential, and when operational in-
tervention is required, the approach utilized should be as
minimally invasive as possible. Also, bringing the patient
into the re-restorative-restorative cycle and replacing poor
restorations should be avoided. As a result, if feasible, de-
fective restorations should be polished, refurbished, or
repaired.

With regular check-ups, the prevention and manage-
ment of demineralized lesions and early caries lesions may
be achieved with remarkable success using less invasive and
more conservative methods. The caries process can be
controlled by mechanical plaque control, effective oral hy-
giene, fluoride and antimicrobial application, and avoiding
sugar intake between meals [6, 7]. Resin infiltration of WSLs
and sealing of noncavitated lesions as a treatment option
have been supported by several studies [51, 56, 59]. This
method represents the minimal invasive option.

The nonrestorative cavity control (NRCC) idea is widely
employed and has a high success rate [6, 7]. This way carious
lesion can be made cleanable by enlarging their openings.

The implementation of selective caries removal has led to
a decrease in pulp exposure associated with the nonselective
caries removal approach.

The selective caries removal method is based on the
decay’s proximity to the pulp [3, 5, 7, 39]. As a result, soft
dentine may be removed or left in place to avoid pulp
exposure.

9. Conclusions

It is critical to have a strategy and a system that focuses on
community education programmes and patient-centred care
must be at the core of our dental responsibilities. Caries
management must be based on a caries risk assessment
method that is backed up by evidence. The newly available
information, knowledge, and materials should encourage
professionals to implement this method.

Approaches such as noninvasive, microinvasive, and
minimally-invasive should be considered, especially when
the carious lesions are not cavitated. The selective caries
removal approach is a viable option for preventing caries
progression, but careful case selection is required to achieve
a good outcome.

Restorative procedures should be minimally invasive to
preserve healthy tooth structure and provide long-term
restoration. Furthermore, repair or refurbishing should be
used wherever possible rather than replacing a defective
restoration.



International Journal of Dentistry

Data Availability

No data were used to support this study.

Conflicts of Interest

The authors declare that they have no conflicts of interest.

Acknowledgments

The author would like to thank Dr. Sile Lennon, Assistant
Professor, Division of Restorative Dentistry and Peri-
odontology, Dublin Dental University Hospital, for pro-
viding Figure 4.

References

[1] European Society of Endodontology (Ese), H. F. Duncan,
K. M. Galler et al., “European Society of Endodontology
position statement: management of deep caries and the ex-
posed pulp,” International Endodontic Journal, vol. 52,
pp. 923-934, 2019.

[2] S. Lennon and H. F. Duncan, “Minimally invasive end-
odontics - pulp fact or pulp fiction?” Journal of the Irish
Dental Association, vol. 66, pp. 135-138, 2020.

[3] B. Barrett and M. O’Sullivan, “Management of the deep
carious lesion: a literature review,” Journal of the Irish Dental
Association, vol. 67, pp. 36-42, 2021.

[4] C. Deery, “Caries detection and diagnosis, sealants and
management of the possibly carious fissure,” British Dental
Journal, vol. 214, no. 11, pp. 551-557, 2013.

[5] N. P. T. Innes, J. E. Frencken, L. Bjorndal et al., “Managing
carious lesions: consensus recommendations on terminol-
ogy,” Advances in Dental Research, vol. 28, no. 2, pp. 49-57,
2016.

[6] E. Kidd, O. Fejerskov, and B. Nyvad, “Infected dentine
revisited,” Dental Update, vol. 42, no. 9, pp. 802-809, 2015.

[7] F.Schwendicke, T. Walsh, T. Lamont et al., “Interventions for

treating cavitated or dentine carious lesions,” Cochrane Da-

tabase of Systematic Reviews, vol. 7, Article ID CD013039,

2021.

S. Simon, M. Perard, M. Zanini et al., “Should pulp chamber

pulpotomy be seen as a permanent treatment? Some pre-

liminary thoughts,” International Endodontic Journal, vol. 46,

no. 1, pp. 79-87, 2013.

[9] R. A. Giacaman, C. Muioz-Sandoval, K. W. Neuhaus,
M. Fontana, and R. Chalas, “Evidence-based strategies for the
minimally invasive treatment of carious lesions: review of the
literature,” Advances in Clinical and Experimental Medicine,
vol. 27, no. 7, pp. 1009-1016, 2018.

[10] M. E. Labib, O. E. Hassanein, M. Moussa, A. Yassen, and
F. Schwendicke, “Selective versus stepwise removal of deep
carious lesions in permanent teeth: a randomised controlled
trial from Egypt-an interim analysis,” BMJ Open, vol. 9,
Article ID e030957, 2019.

[11] M. Dorri, S. M. Dunne, T. Walsh, and F. Schwendicke,
“Micro-invasive interventions for managing proximal dental
decay in primary and permanent teeth,” Cochrane Database of
Systematic Reviews, vol. 2015, no. 11, Article ID CD010431,
2015.

[12] F. Schwendicke, C. H. Splieth, P. Bottenberg et al., “How to
intervene in the caries process in adults: proximal and sec-
ondary caries? An EFCD-ORCA-DGZ expert Delphi

[8

13

consensus statement,” Clinical Oral Investigations, vol. 24,
no. 9, pp. 3315-3321, 2020.

[13] https://www.nlm.nih.gov/medline/medline_overview.html.

[14] O. Urquhart, M. P. Tampi, L. Pilcher et al., “Nonrestorative
treatments for caries: systematic review and network meta-
analysis,” Journal of Dental Research, vol. 98, no. 1, pp. 14-26,
2019.

[15] J. D. B. Featherstone and S. Doméjean, “Minimal intervention
dentistry: part 1. From ‘compulsive’ restorative dentistry to
rational therapeutic strategies,” British Dental Journal,
vol. 213, no. 9, pp. 441-445, 2012.

[16] B. Nyvad, W. Crielaard, A. Mira, N. Takahashi, and
D. Beighton, “Dental caries from a molecular microbiological
perspective,” Caries Research, vol. 47, no. 2, pp. 89-102, 2013.

[17] J. E. Frencken, M. C. Peters, D. J. Manton, S. C. Leal,
V. V. Gordan, and E. Eden, “Minimal intervention dentistry
for managing dental caries - a review: report of a FDI task
group,” International Dental Journal, vol. 62, no. 5,
pp. 223-243, 2012.

[18] S. K. Makhija, J. D. Bader, D. A. Shugars et al., “Influence of
2 caries-detecting devices on clinical decision making and
lesion depth for suspicious occlusal lesions: a randomized trial
from the National Dental Practice-Based Research Network,”
Journal of The American Dental Association, vol. 149, no. 4,
pp. 299-307.el, 2018.

[19] F.Brouwer, H. Askar, S. Paris, and F. Schwendicke, “Detecting
secondary caries lesions: a systematic review and meta-
analysis,” Journal of Dental Research, vol. 95, no. 2,
pp. 143-151, 2016.

[20] N. Kocak and E. Cengiz-Yanardag, “Clinical performance of
clinical-visual examination, digital bitewing radiography,
laser fluorescence, and near-infrared light transillumination
for detection of non-cavitated proximal enamel and dentin
caries,” Lasers in Medical Science, vol. 35, no. 7, pp. 1621-1628,
2020.

[21] J. Gomez, “Detection and diagnosis of the early caries lesion,”
BMC Oral Health, vol. 15, no. 1, p. S3, 2015.

[22] Y. Momoi, M. Hayashi, M. Fujitani et al., “Clinical guidelines
for treating caries in adults following a minimal intervention
policy--evidence and consensus based report,” Journal of
Dentistry, vol. 40, no. 2, pp. 95-105, 2012.

[23] D. A. Young, B. B. Novy, G. G. Zeller et al., “The American
dental association caries classification system for clinical
practice: a report of the American dental association council
on scientific affairs,” Journal of The American Dental Asso-
ciation, vol. 146, no. 2, pp. 79-86, 2015.

[24] B. Dikmen, “Icdas II criteria (international caries detection
and assessment system),” Journal of Istanbul University
Faculty of Dentistry, vol. 49, no. 3, pp. 63-72, 2015.

[25] J. Kuhnisch, W. Dietz, L. Stosser, R. Hickel, and R. Heinrich-
Weltzien, “Effects of dental probing on occlusal surfaces--
a scanning electron microscopy evaluation,” Caries Research,
vol. 41, no. 1, pp. 43-48, 2007.

[26] R. Alammar and D. Sadaf, “<p>Accurate detection of non-

cavitated proximal caries in posterior permanent teeth: an

in vivo study</p&gt,” Risk Management and Healthcare

Policy, vol. 13, pp. 1431-1436, 2020.

J. Mattos-Silveira, M. M. Oliveira, R. Matos, C. Moura-Netto,

F. M. Mendes, and M. M. Braga, “Do the ball-ended probe

cause less damage than sharp explorers?-An ultrastructural

analysis,” BMC Oral Health, vol. 16, no. 1, p. 39, 2016.

[28] W. J. Loesche, M. L. Svanberg, and H. R. Pape, “Intraoral
transmission of Streptococcus mutans by a dental explorer,”
Journal of Dental Research, vol. 58, no. 8, pp. 1765-1770, 1979.

[27


https://www.nlm.nih.gov/medline/medline_overview.html

14

[29] A. G. Ferreira Zandona, A. V. Ritter, and R. S. Eidson, “2 -
dental caries: etiology, clinical characteristics, risk assessment,
and management,” in Sturdevant’s Art and Science of Oper-
ative Dentistry, A. V. Ritter, L. W. Boushell, and R. Walter,
Eds., pp. 40-94, Elsevier, St. Louis Missouri.

[30] C. Holmgren, C. Gaucher, N. Decerle, and S. Domejean,
“Minimal intervention dentistry II: part 3. Management of
non-cavitated (initial) occlusal caries lesions--non-invasive
approaches through remineralisation and therapeutic seal-
ants,” British Dental Journal, vol. 216, no. 5, pp. 237-243,
2014.

[31] A.C. Oenning, R. Jacobs, and B. Salmon, “ALADAIP, beyond
ALARA and towards personalized optimization for paediatric
cone-beam CT,” International Journal of Paediatric Dentistry,
vol. 31, no. 5, pp. 676-678, 2021.

[32] S. Bourouni, K. Dritsas, D. Kloukos, and R. ]J. Wierichs,
“Efficacy of resin infiltration to mask post-orthodontic or
non-post-orthodontic white spot lesions or fluorosis - a sys-
tematic review and meta-analysis,” Clinical Oral In-
vestigations, vol. 25, no. 8, pp. 4711-4719, 2021.

[33] M. Khoroushi and M. Kachuie, “Prevention and treatment of
white spot lesions in orthodontic patients,” Contemporary
Clinical Dentistry, vol. 8, no. 1, pp. 11-19, 2017.

[34] L.N. Flynn, K. Julien, A. Noureldin, and P. H. Buschang, “The
efficacy of fluoride varnish vs a filled resin sealant for pre-
venting white spot lesions during orthodontic treatment,” The
Angle Orthodontist, vol. 92, no. 2, pp. 204-212, 2022.

[35] Z. Abdullah and J. John, “Minimally invasive treatment of
white spot lesions--A systematic review,” Oral Health &
Preventive Dentistry, vol. 14, no. 3, pp. 197-205, 2016.

[36] D.Ricucci, S. Loghin, L. M. Lin, L. S. Spangberg, and F. R. Tay,
“Is hard tissue formation in the dental pulp after the death of
the primary odontoblasts a regenerative or a reparative
process?” Journal of Dentistry, vol. 42, no. 9, pp. 1156-1170,
2014.

[37] V. C. M. Neves and P. T. Sharpe, “Regulation of reactionary
dentine formation,” Journal of Dental Research, vol. 97, no. 4,
pp. 416-422, 2018.

[38] P.E.Murray, A. A. Hafez, L. ]. Windsor, A. Smith, and C. Cox,
“Comparison of pulp responses following restoration of ex-
posed and non-exposed cavities,” Journal of Dentistry, vol. 30,
no. 5-6, pp. 213-222, 2002.

[39] J. E. Clarkson, C. R. Ramsay, D. Ricketts et al.,, “Selective
Caries Removal in Permanent Teeth (SCRiPT) for the
treatment of deep carious lesions: a randomised controlled
clinical trial in primary care,” BMC Oral Health, vol. 21, no. 1,
p. 336, 2021.

[40] F.D. Oz, S. Bolay, E. O. Bayazit, C. O. Bicer, and S. Y. Isikhan,
“Long-term survival of different deep dentin caries treat-
ments: a 5-year clinical study,” Nigerian Journal of Clinical
Practice, vol. 22, no. 1, pp. 117-124, 2019.

[41] F. Schwendicke, J. E. Frencken, L. Bjorndal et al., “Managing
carious lesions: consensus recommendations on carious tissue
removal,” Advances in Dental Research, vol. 28, no. 2,
pp. 58-67, 2016.

[42] F. A. Alsadat, A. A. El-Housseiny, N. M. Alamoudi, and
A. M. Alnowaiser, “Conservative treatment for deep carious
lesions in primary and young permanent teeth,” Nigerian
Journal of Clinical Practice, vol. 21, no. 12, pp. 1549-1556,
2018.

[43] L. Bjorndal, H. Fransson, G. Bruun et al, “Randomized
clinical trials on deep carious lesions: 5-year follow-up,”
Journal of Dental Research, vol. 96, no. 7, pp. 747-753, 2017.

International Journal of Dentistry

[44] M. Maltz, E. F. de Oliveira, V. Fontanella, and R. Bianchi, “A
clinical, microbiologic, and radiographic study of deep caries
lesions after incomplete caries removal,” Quintessence In-
ternational, vol. 33, no. 2, pp. 151-159, 2002.

[45] L. Bjeorndal, S. Simon, P. L. Tomson, and H. F. Duncan,
“Management of deep caries and the exposed pulp,” In-
ternational Endodontic Journal, vol. 52, no. 7, pp. 949-973,
2019.

[46] J.J. Jardim, H. D. Mestrinho, B. Koppe et al., “Restorations
after selective caries removal: 5-Year randomized trial,”
Journal of Dentistry, vol. 99, Article ID 103416, 2020.

[47] N. B. Pitts and J. W. Stamm, “International consensus
workshop on caries clinical trials (ICW-CCT)--final con-
sensus statements: agreeing where the evidence leads,” Journal
of Dental Research, vol. 83, no. 1_suppl, pp. C125-C128, 2004.

[48] J. D. B. Featherstone and B. W. Chaffee, “The evidence for
caries management by risk assessment (CAMBRA®),” Ad-
vances in Dental Research, vol. 29, no. 1, pp. 9-14, 2018.

[49] P. Rechmann, R. Kinsel, and J. D. B. Featherstone, “In-
tegrating caries management by risk assessment (CAMBRA)
and prevention strategies into the contemporary dental
practice,” Compendium of Continuing Education in Dentistry,
vol. 39, no. 4, pp- 226-233, 2018.

[50] UCSF School of Dentistry: https://dentistry.ucsf.edu/.

[51] Y. Chen, D. Chen, and H. Lin, “Infiltration and sealing for
managing non-cavitated proximal lesions: a systematic review
and meta-analysis,” BMC Oral Health, vol. 21, no. 1, p. 13,
2021.

[52] J. A. Cury and L. M. A. Tenuta, “Enamel remineralization:
controlling the caries disease or treating early caries lesions?”
Brazilian Oral Research, vol. 23, no. Suppl 1, pp. 23-30, 2009.

[53] N.J. Cochrane, P. Shen, S.J. Byrne et al., “Remineralisation by
chewing sugar-free gums in a randomised, controlled in situ
trial including dietary intake and gauze to promote plaque
formation,” Caries Research, vol. 46, no. 2, pp. 147-155, 2012.

[54] C. ]. Holmgren, D. Roux, and S. Doméjean, “Minimal in-
tervention dentistry: part 5. Atraumatic restorative treatment
(ART)--a minimum intervention and minimally invasive
approach for the management of dental caries,” British Dental
Journal, vol. 214, no. 1, pp. 11-18, 2013.

[55] R. Faghihian, M. Shirani, M. J. Tarrahi, and M. Zakizade,
“Efficacy of the resin infiltration technique in preventing
initial caries progression: a systematic review and meta-
analysis,” Pediatric Dentistry, vol. 41, no. 2, pp. 88-94, 2019.

[56] M. Alkilzy, C. Berndt, C. Meller, M. Schidlowski, and
C. Splieth, “Sealing of proximal surfaces with polyurethane
tape: a two-year clinical and radiographic feasibility study,”
The Journal of Adhesive Dentistry, vol. 11, no. 2, pp. 91-94,
2009.

[57] S. Arslan, L. Lipski, K. Dubbs, F. Elmali, and F. Ozer, “Effects
of different resin sealing therapies on nanoleakage within
artificial non-cavitated enamel lesions,” Dental Materials
Journal, vol. 37, no. 6, pp. 981-987, 2018.

[58] L.S. Alves, F. C. M. d S. Giongo, B. Mua et al., “A randomized
clinical trial on the sealing of occlusal carious lesions: 3-4-year
results,” Brazilian Oral Research, vol. 31, no. 0, p. e44, 2017.

[59] M. M. Ammari, V. M. Soviero, T. K. da Silva Fidalgo et al., “Is
non-cavitated proximal lesion sealing an effective method for
caries control in primary and permanent teeth? A systematic
review and meta-analysis,” Journal of Dentistry, vol. 42, no. 10,
pp. 1217-1227, 2014

[60] K. R. Kantovitz, F. M. Pascon, M. Nobre-dos-Santos, and
R. M. Puppin-Rontani, “Review of the effects of infiltrants and


https://dentistry.ucsf.edu/

International Journal of Dentistry

sealers on non-cavitated enamel lesions,” Oral Health ¢
Preventive Dentistry, vol. 8, no. 3, pp. 295-305, 2010.

[61] C. Abuchaim, M. Rotta, R. H. M. Grande, A. D. Loguercio,
and A. Reis, “Effectiveness of sealing active proximal caries
lesions with an adhesive system: 1-year clinical evaluation,”
Brazilian Oral Research, vol. 24, no. 3, pp. 361-367, 2010.

[62] B.C.D.Borges,]. de Souza Borges, R. Braz, M. A.]. R. Montes,
and 1. V. de Assuncao Pinheiro, “Arrest of non-cavitated
dentinal occlusal caries by sealing pits and fissures: a 36-
month, randomised controlled clinical trial,” International
Dental Journal, vol. 62, no. 5, pp. 251-255, 2012.

[63] C. Anauate-Netto, L. Borelli Neto, R. Amore, V. Di Hipolito,
and P. H. P. D’alpino, “Caries progression in non-cavitated
fissures after infiltrant application: a 3-year follow-up of
arandomized controlled clinical trial,” Journal of Applied Oral
Science, vol. 25, no. 4, pp. 442-454, 2017.

[64] J.Krois, G. Gostemeyer, S. Reda, and F. Schwendicke, “Sealing
or infiltrating proximal carious lesions,” Journal of Dentistry,
vol. 74, pp. 15-22, 2018.

[65] M. Abdelaziz, A. Lodi-Rizzini, T. Bortolotto, F. Garcia-

Godoy, A. J. Feilzer, and I. Krejci, “Non-invasive proximal

adhesive restoration (NIPAR) compared to resin infiltration

for treating initial proximal carious lesions,” American

Journal of Dentistry, vol. 31, no. 5, pp. 255-260, 2018.

P. Ortega-Verdugo, J. J. Warren, J. L. Kolker, K. D. Carter,

S. Guzman-Armstrong, and M. R Gomez, “Retrospective

analysis of factors associated with the success of stepwise

excavation procedure in deep carious lesions,” The Journal of

the American Dental Association, vol. 149, no. 6, pp. 442-450,

2018.

L. Bjorndal and A. Thylstrup, “A practice-based study on

stepwise excavation of deep carious lesions in permanent

teeth: a 1-year follow-up study,” Community Dentistry and

Oral Epidemiology, vol. 26, no. 2, pp. 122-128, 1998.

[68] V. T. Thompson, R. G. Craig, F. A. Curro, W. S. Green, and

J. A. Ship, “Treatment of deep carious lesions by complete

excavation or partial removal: a critical review,” Journal of The

American Dental Association, vol. 139, no. 6, pp. 705-712,

2008.

M. Maltz, E. F. Oliveira, V. Fontanella, and G. Carminatti,

“Deep caries lesions after incomplete dentine caries removal:

40-month follow-up study,” Caries Research, vol. 41, no. 6,

pp. 493-496, 2007.

[70] J. R. Kim, A. Nosrat, and A. F. Fouad, “Interfacial charac-
teristics of Biodentine and MTA with dentine in simulated
body fluid,” Journal of Dentistry, vol. 43, no. 2, pp. 241-247,
2015.

[71] M. Kunert and M. Lukomska-Szymanska, “Bio-inductive
materials in direct and indirect pulp capping-A review arti-
cle,” Materials, vol. 13, no. 5, p. E1204, 2020.

[72] “The glossary of prosthodontic terms: ninth edition,” The
Journal of Prosthetic Dentistry, vol. 117, pp. el-e105.

[73] N. A. Taha, I. About, C. M. Sedgley, and H. H. Messer,
“Conservative management of mature permanent teeth with
carious pulp exposure,” Journal of Endodontics, vol. 46, no. 9,
pp. $33-841, 2020

[74] J. E. Frencken and C. J. Holmgren, “ART: a minimal in-
tervention approach to manage dental caries,” Dental Update,
vol. 31, no. 5, pp- 295-301, 2004.

[75] M. Dorri, M. J. Martinez-Zapata, T. Walsh, V. C. Marinho,
A. Sheiham Deceased, and C. Zaror, “Atraumatic restorative
treatment versus conventional restorative treatment for
managing dental caries,” Cochrane Database of Systematic
Reviews, vol. 12, Article ID CD008072, 2017.

[66

(67

[69

15

[76] R.]. Simonsen, “Preventive resin restorations and sealants in
light of current evidence,” Dental Clinics of North America,
vii, vol 49, , pp. 815-823, 2005.

[77] J. Zou, Q. Du, L. Ge et al, “Expert consensus on early
childhood caries management,” International Journal of Oral
Science, vol. 14, no. 1, p. 35, 2022.

[78] W. Duki¢, M. Maji¢, N. Prica, and I. Oreski, “Clinical eval-
uation of flowable composite materials in permanent molars
small class I restorations: 3-year double blind clinical study,”
Materials, vol. 14, no. 15, p. 4283, 2021.

[79] A.V. Assaf, M. de Castro Meneghim, L. Zanin, C. Tengan, and
A. C. Pereira, “Effect of different diagnostic thresholds on
dental caries calibration - a 12 month evaluation,” Community
Dentistry and Oral Epidemiology, vol. 34, no. 3, pp. 213-219,
2006.

[80] A. de Almeida Neves, E. Coutinho, M. V. Cardoso,
P. Lambrechts, and B. Van Meerbeek, “Current concepts and
techniques for caries excavation and adhesion to residual
dentin,” The Journal of Adhesive Dentistry, vol. 13, no. 1,
pp. 7-22, 2011.





