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Abstract

Minimally invasive pediatric dentistry represents a new paradigm in managing children's oral health with disease
prevention and early detection along with treatment that preserves the natural structure of teeth. Atraumatic
restorative treatment, Hall crown technique, and cryosurgery are few techniques where comfort and psychological
well-being for patients, particularly children with dental anxiety, have been kept as the most important objectives.
Advanced technologies for better diagnostics and interventions include laser fluorescence, silver diamine fluoride,
or 3D imaging in giving an exact diagnosis, hence less chances of invasive procedures. Behavior management has
ensured a more optimistic and cooperative dental experience using the Tell-Show-Do method and virtual reality-
based distraction. MIPD also incorporates caregiver involvement to reinforce oral health education and preventive
practices at home. The new innovations will embody Al-assisted diagnostics and nanotechnology; thus, patients can
expect to receive more targeted, more efficient treatments. Regenerative therapies will be capable of minimally
invasive repair of tissues by restoration. Potential at MIPD is increasing despite challenges such as poor access to
training, and access to advanced materials. The future directions include integrating emerging technologies,
widening accessibility, and refining treatment protocols to improve the quality of life for pediatric patients. This
paper examines the principles, techniques, innovations, and future trends in MIPD, highlighting its transformative
role in pediatric dental care.
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1. Introduction

This is an approach in evolution, and it is designed to maintain health while retaining healthy tooth
structure with diseases such as caries in effective management. This approach was founded based on the
understanding that dental caries is an infectious disease that could be intercepted early enough, allowing the use of
therapies that would minimize the amount of tissue loss and respect biological integrity (Showkat et al., 2020; Leal
et al., 2022). One specific application of MID is significantly prominent in pediatric dentistry in a manner that
addresses the exclusive needs of children, because children might be more apprehensive of dental anxiety and
subsequent reactions to invasive procedures. Some common strategies in pediatric dentistry involved MID using
some techniques and materials focused upon early detection and intervention, particularly on the utilization of silver
diamine fluoride as an emerging minimally invasive practice in caries management. SDF not only arrests the
progression of carious lesions but also promotes remineralization, which makes it a great treatment for children,
especially those with special health care needs (Soni et al., 2021). Also, CAD/CAM systems have made it possible
to provide restorations that are accurate, esthetic, and functional, which further enhances the minimally invasive
approach (Reston et al., 2023).

The management of dental trauma in children also reflects the principles of MID. For instance, the restorative
protocols for crown fractures in young patients can make use of minimally invasive techniques that are both
conserving of tooth structure and give the best aesthetic outcomes (Reston et al., 2023). This is vital in pediatric
dentistry where psychological effects of dental aesthetics may significantly affect a child's self-esteem and social
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interaction (Gunda & Varma, 2013). More than that, the idea of minimum intervention dentistry that closely
resembles MID emphasizes preventive philosophy, incorporating caries control into minimal operative intervention
(Leal et al., 2022; Leme et al., 2022). It is very suitable in pediatric care where it targets education for the children
and parents to have better oral hygiene and diet which may avoid the caries at first stage of their occurrence (Gunda
& Varma, 2013). This helps pediatric dentists to reduce the number of more invasive treatments needed later.

2. Minimally Invasive Dentistry

It is a critical concept in pediatric dentistry, especially when it comes to children's oral health care. MID refers to the
smallest change that a patient would notice in his or her treatment outcome, is relevant when considering
interventions for children that cannot clearly verbalize what they experience and serves as a very important
approach to assess the impact of oral health treatments on children's quality of life. This helps in clinical decision-
making. This is because MID enables the measuring of the impact of dental treatments on the quality of life of
children and their families. Researchers have demonstrated that ECC, for example, can highly influence the Oryol of
children (Martins-Janior et al., 2012). For instance, ECC is shown to affect negatively the Oryol of children, and this
can also impact their parents, where oral health and family welfare go hand in hand with one another (Clementino et
al., 2015). Using the MID, a practitioner can conclude if a treatment has led to a significant change in the quality of
life of a child, not statistically (Ruff et al., 2016).

Further, patient-centered care is applied as per the MID in pediatric dentistry. Although children are entirely
different from adult patients when considering their needs and responses, approaches that are often used in pediatric
dentistry usually focus on the development stages and emotional response (Innes & Manton, 2017). For instance, the
conservative interventions of MID like selective caries removal and preventive measures help in preserving tooth
structure and pulp vitality important for long-term oral health of children (Igna et al., 2022; Alsaleh et al., 2020). A
shift toward the minimally invasive approach results in healthier trajectories in children over time and better
immediate outcomes of dental interventions. The role of caregivers in the oral health practices of children cannot be
ignored. It has been observed that the knowledge and attitudes of caregivers have a great influence on the oral
hygiene behaviors of children (Qiu et al., 2014). Through implementing MID in caregiver educational programs,
they will be empowered to make decisions that can improve their children's oral health. It is significantly essential in
populations requiring special health care needs and where applied preventive strategies significantly improve their
oral health (Sireerat &Samnieng, 2018).

3. Principles of Minimally Invasive Dentistry in Pediatrics

A new paradigm for pediatric dentistry, coined Minimum Intervention Dentistry (MID), has concentrated its efforts
on preventive care and early intervention with the management of dental caries. It aims to remove as little tooth
structure as possible while performing just enough restorative interventions in an effort to minimize treatment
burden on young patients while maximizing the amount of health that can be achieved.

3.1. Recognition

This principle suggests the identification of caries risk factors at an early stage, which can be carried out with a
detailed assessment in terms of lifestyle analysis, saliva test, and diagnostic test on plaque. This concept helps
recognize caries risk factors so that appropriate preventive strategy tailoring can be done (Innes & Manton, 2017;
Walsh & Brostek, 2013). It is at the early stages that interventions can be introduced in order to prevent the disease
progression of the carious lesions.

3.2. Reorientation

This principle emphasizes changing lifestyle factors that lead to dental caries. It educates patients and their families
on the role of diet, oral hygiene practices, and regular dental visits. In this way, the dentist can influence lifestyle
choices that minimize the risk of caries (Innes & Manton, 2017; Walsh & Brostek, 2013).

3.3. Remineralization

MID encourages topical agents, which include fluoride and casein phosphopeptides-amorphous calcium phosphates
(CPP-ACP), in facilitating the remineralization of early carious lesions. It has been demonstrated that most carious
lesions can be reversed when captured early enough, hence preventing more aggressive restorative interventions.
Walsh & Brostek, 2013; Hefnawy, 2023, made this observation. The approach to remineralization resonates with the
treatment philosophy of caries as a dynamic process rather than a static condition.

3.4. Repair

However, when the carious lesion penetrates to the point where the integrity is broken and cavitation appears, MID
suggests conservative restorations that aim at taking care of the maximum preserved tooth structure. These
treatments consist of selective carious tissue removal and the application of bioactive materials to contribute with
self-curative processes of the remaining healthy tooth structure (Walsh & Brostek, 2013; Hefnawy, 2023). This
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approach aims at doing damage control on the damaged dentition while preserving the amount of natural tooth
structure feasible.

3.5. Review

The last principle is monitoring the child's oral health and progress of interventions. Regular follow up ensures that
the care plan is adjusted periodically to ensure that the child has good oral health (Innes & Manton, 2017; Walsh &
Brostek, 2013). This principle is indicative of a long-term commitment to maintaining oral health rather than
something done once. Specifically, primary and mixed dentition management brings unique challenges to
orthodontics that call for customized management. Some of the techniques that have turned out to be very effective
have been the Mixed Dentition (MID) approaches of addressing the challenges as posed by developmental stages of

dentition and related malocclusions.
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Figure 1. This figure demonstrates the five fundamental principles of MIPD recognition, reorientation,
remineralization, repair, and review. Every principle is related to a particular application that includes the early
detection of caries, education on oral hygiene, use of demineralizing agents like fluoride, conservative restorative
approaches, and periodic follow-up to ensure long-term oral health.

It is difficult in the treatment of mixed dentition as malocclusion drastically affects dental and facial development of
the child. Studies have indicated that early treatment in the mixed dentition is likely to result in a good success.
Some examples include an 84-100% success in correcting crossbites in the mixed dentition using the Hexa Helix
appliance (Yaseen & Acharya, 2012). These results improve aesthetics and functionality while reducing the
propensity for being teased by the peers. Besides, the early treatments of orthodontics tend to be brief and
nonsurgical, which is considerably significant for getting cooperation of young patients and their parents toward the
treatment (Zhou et al., 2017). The Tanaka-Johnston and Moyers techniques of mixed dentition space analysis are
unavoidable for correct diagnosis and designing of treatment since they help calculate the mesiodistal width of the
teeth along with predicting the future occlusal disturbances (Abirami et al., 2022).

The techniques of MID not only target malocclusions but also timing and type of intervention. For instance,
maxillary protraction therapy has been shown to be more effective if done in the primary dentition stage rather than
at a later stage of treatment (Miao et al., 2021). This indicates that early intervention can result in marked skeletal
improvement, which is especially advantageous for managing Class 11l malocclusions. It is further argued that the
least invasive technique, such as 'M' spring for the midline diastema correction, has been under discussion as being
efficient and saving treatment time, thus it should be done during the mixed dentition period (Suresh, 2023). It
further enhances children, with unique anatomical and physiological characteristics, for the employment of MID
techniques. Occlusal relationships of a child's primary dentition significantly predict the permanent dentitions, and
therefore, correct assessments and interventions are warranted immediately if potential malocclusions are on the
horizon (Jafarzadeh et al., 2021).

The association of anomalies both within and during the transition between primary to permanent dentition justifies
thorough monitoring and intervention plans prior to the progression of developing anomalies into permanent
dentition as undesirable malocclusions (Mukhopadhyay & Mitra, 2014). In addition to the characteristics of the
malocclusion, the experience of the orthodontist can further determine the chosen treatment modalities. Indeed, most
orthodontists begin the treatment when the dental age has reached late mixed or early permanent dentition stages,
such as with Class Il malocclusions, although successfully treatable at that stage, as for instance, illustrated by such
studies as Chaparro et al. (2022). This highlights the particularity of a case-by-case treatment, depending on, among
many factors, the child's age for developmental stages, with which the malocclusion will present.

2066



Latest Approaches to Minimally Invasive Pediatric Dentistry: AI-Assisted Diagnostics Techniques, Behaviors Management, Preventive Interventions,
Challenges and Limitations

4. Latest Minimally Invasive Techniques in Pediatric Dentistry

4.1. Caries Management

Recent progress in caries detection technology has greatly improved the ability of identifying dental caries in
different stages, especially regarding early detection and assessment of non-cavitated lesions. The most prominent
technology is laser fluorescence, digital radiography, and intraoral scanners equipped with advanced imaging
techniques. One of the most common methods for the detection of dental caries is with laser fluorescence, which has
been well known for proximal caries detection. DIAGNOdent uses a laser technology to stimulate the bacterial
porphyrin fluorescence, which indicates the depth of demineralization. Several studies indicate that laser
fluorescence has high sensitivity in the detection of carious lesions, in some cases even exceeding radiography's
diagnostic capabilities. For instance, the diagnosis of early lesions is significantly facilitated by traditional bitewing
radiography compared to laser fluorescence, among other things (Litzenburger et al., 2021; "Near-Infrared
Transillumination Compared to Digital Bitewing Radiography for Proximal Caries Detection", 2023).

Another innovation is the integration of fluorescence technology in intraoral scanners, such as Trios 4 and 5, which
can be useful in the distinction between carious and healthy structures within a tooth, thereby helping to enhance the
diagnostic sensitivity (Lin, 2023; Schlenz et al., 2022).This modality remains a valuable tool in caries detection
since it can radiographically depict carious lesions, but it has numerous disadvantages especially when used in the
early detection of enamel lesions where the percentage needed to make such a detection is at least 30%
demineralization (AbdELKkader, 2024). In comparison of new technologies like NIRI or NI Imaging near infrared
with traditional systems such as digital radiography, it showed that even both techniques would be able to see
dentinal-penetration lesions; however, it showed that NIRI might prove sensitive enough to detect proximal early
caries better than the other method ("Near-Infrared Transillumination Compared to Digital Bitewing Radiography
for Proximal Caries Detection", 2023; Siew, 2024). This therefore points towards a complementary role for these
technologies in that NIRI can complement traditional radiography.

Artificial intelligence is also advancing in caries detection; algorithms have reached an agreement of more than 90%
in caries diagnosis from standardized images (Kihnisch et al., 2021). Al can analyze large data sets, which can
improve the diagnostic accuracy and efficiency and may even reduce the variability associated with human
examiners. Teledentistry applications using Al have shown much potential in early caries detection, especially in
remote assessments (Abdat, 2024). Among non-invasive treatments, significant interest in pediatric dentistry has
recently been in silver diamine fluoride (SDF) to arrest dental caries in children. SDF is an unpigmented solution of
silver ions with fluoride that has been demonstrated to inhibit the advancement of existing lesions of dental caries
and prevent their occurrence. The double effect makes SDF more important than other caries preventive agents in
communities with less access to dental services and is therefore one important asset in managing dental caries in
children ("Microtensile Bond Strength of Resin Modified Glass lonomer Restoration in Carious Primary Molars
Pretreated with Silver Diamine Fluoride", 2022; Zheng et al., 2022).

Several clinical studies have demonstrated the efficacy of SDF in arresting carious lesions in the primary teeth and
the root surfaces of permanent teeth. A systematic review demonstrated that there was a considerable reduction in
caries in preschool children with SDF treatment, suggesting its effectiveness as an economical intervention to
control early childhood caries (Chu et al., 2011; Nuvvula & Mallineni, 2019). Moreover, SDF remineralization
effects have been compared favorably with other treatments, such as sodium fluoride varnish, which means that SDF
can obtain similar or better results in remineralizing early enamel caries (Gao et al., 2016; Soud et al., 2020). The
mechanism behind effectiveness relates to the protective layer formed at the surface of the teeth to prevent bacterial
growth and favors dentin remineralization for the affected dentin. Elasser et al. published it in the year 2022 like
Firouzmandi et al. did in 2019.That is an important economic side aspect of SDF: non-invasive treatments such as
that would delay more invasive restorations, which are a bit more expensive and will even require repeated visits to
the dental clinic. Especially for high-risk populations that have a disproportionately high burden of dental caries
compared to others (Schwendicke et al., 2014; Nuvvula & Mallineni, 2019). The help of SDF can allow dental
practitioners to provide a relatively straightforward and practical intervention that reduces the need for multiple
treatments, therefore diminishing health care costs (Schwendicke et al., 2014).

However, there are issues associated with SDF. Some of the problems include Treated teeth appear brown, which is
aesthetically problematic for a few patients and their families. Still, at present, researchers are conducting studies to
eradicate this possible problem by merging SDF with other agents like potassium iodide to evade the brown
appearance while it is active against caries (Hussein et al., 2021).Further, the adoption of non-invasive treatments
varies across patients because they may have had experience or may believe in other traditional methods of invasive
nature (Chen et al., 2020; Srisomboon et al., 2022).
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4.2. Restorative Techniques

Atraumatic restorative techniques (ART) are one of the least invasive forms of dental treatment and are very helpful
in pediatric dentistry. It was first developed in the mid-1980s that was a response to the requirement for effective
dental treatment of underprivileged populations. This focused on the preservation of tooth structure and to reduce
patient discomfort and anxiety to the minimum. Sharma et al. (2021), Holmgren et al. (2013). The technique
involves hand excavation of carious tissue followed by restoring the cavity with adhesive fluoride-releasing glass
ionomer cement, thus inducing remineralization (Ahmad et al., 2022). Such a procedure is specifically excellent for
children as it is very useful in avoiding anesthesia and pain from the traditional restorative treatment itself
("Atraumatic Restorative Treatment for Managing Dental Caries - A Review", 2020).

The ART procedure has been proven to make the patient much more compliant and less anxious when used in
pediatric care. According to studies, almost 93% of children stated that they experienced no discomfort from the
ART procedures, and a lot of them would readily come for similar treatments in future (Carvalho et al., 2009).
Acceptance is essential for pediatrics because the pediatrician must handle not only the behavior but also anxiety in
children. Use of nonpharmacological techniques of behavior management by a dentist, often alongside the ART,
increases compliance of the child patients (Kateeb et al., 2013). Furthermore, parental acceptability of ART is also
high, where the benefits of the procedure are well communicated; however, it is established that involving parents in
treatment planning is important (Kateeb et al., 2013). Within the last decades, inclusion of silver diamine fluoride
(SDF) within the ART protocol resulted in the development of a modified atraumatic restorative treatment technique
with the term SMART. This approach addresses not only carious lesions but also improves the antibacterial
properties of the treatment, which is very useful for children with multiple carious lesions or those who are hard to
manage (Mohapatra, 2024; Hegde, 2024; Montecino, 2023).

The promising results of the preservation of tooth vitality and caries progression control have been shown through
SDF application followed by GIC restoration (Mohapatra, 2024; Hegde, 2024). In a nutshell, ART and all its
variants, including SMART, are a patient-friendly, effective, and economical approach for caries management in
children. The technique is predicated on minimal intervention dentistry with its principles consisting of conservation
of healthy tooth structure and preventive care approaches (Holmgren et al., 2013; Zanata et al., 2010). The more the
world embraces the ART, then the more there will be insistence that this be part of pediatrics dental services
especially in societies where more routine dental care access may not be easily made (Ahmad et al., 2022).

Table 1. Techniques and Their Applications in Minimally Invasive Pediatrics Dentistry.

Technique Application Advantages In-text Citations
Atraumatic Restorative | Management of dental | No anesthesia, preserves | Arrow & Forrest, 2020;
Treatment (ART) caries in primary teeth structure, cost-effective Holmgren et al., 2013
Hall Crown Technique Sealing carious lesions Preserves tooth  structure, | Alsaleh et al, 2020;
reduces aerosol exposure Nguyen et al., 2021
Cryosurgery Treatment of oral lesions Minimal discomfort, avoids | Rezende et al., 2014
local anesthesia
Silver Diamine Fluoride | Arresting caries | Non-invasive, remineralizes | Gao et al,  2016;
(SDF) progression enamel, cost-effective Schwendicke et al., 2014
CAD/CAM Systems High-precision restorative | Customization, enhanced | Reston et al., 2023; Rech
treatments aesthetics et al., 2022

GICs are a family of adhesive restorative materials with greatly improved outcomes for minimally invasive
restorations. They possess a distinct combination of properties that are highly useful, such as chemical adhesion to
tooth structures, release of fluoride, and biocompatibility, making these restorative materials even more effective at
preserving the integrity of teeth while reducing the depth of cavity preparation. One of the main advantages of GICs
is their chemical bonding to both enamel and dentin, which decreases microleakage and increases the longevity of
restorations. This property is of special value in minimally invasive dentistry, where one seeks to preserve as much
healthy tooth structure as possible while achieving effective restoration. GICs are also characterized by very low
shrinkage stress when set that supports its application in minimum invasive approaches (Ngo & Vital, 2014;
Yamada, 2018). Inclusion of resin-modified glass ionomer cements further improves the mechanical properties of
such materials that has helped suit them to diverse clinical settings, especially to treat carious lesions which may
penetrate deep into the teeth as well as for multi-surface restorations (Nujella et al., 2012; Singh et al., 2023).
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Furthermore, the ability of the GICs to gradually release fluoride plays a prominent role in caries prevention and
remineralization of other tooth structures adjacent to the sites. This characteristic of GICs not only aids in the
management of carious lesions but also helps the tooth to be healthier as it prevents bacterial accumulation and
favors remineralization (Khere et al., 2019; Mohamed et al., 2016). Studies have demonstrated the potential of GICs
to easily facilitate remineralization of enamel and dentin, which is very useful in pediatric dental care as each
preserved primary tooth is valuable in terms of growth and aesthetics (Amorim et al., 2011).Research has supported
the clinical success of GICs, indicating that this restorative material can attain outcomes comparable to those
established for amalgam in different dental applications (Amorim et al., 2011; Pires et al., 2018). For example, the
atraumatic restorative treatment method that employs high-viscosity GICs has been effectively utilized for the
management of caries in children, therefore becoming a proof of the material efficiency in the minimally invasive
approach (Barbosa et al., 2016). Further, the development of giomers has combined the benefits of glass ionomers
with the aesthetic properties of composite resins to provide a versatile option for clinicians (Hodisan et al., 2017;
Usha & John, 2014).
4.3. Behavior Management
In minimally invasive pediatric dentistry, behavior management becomes crucial because it makes a positive dental
experience for the children and reduces their anxiety by helping them to cooperate with the dental procedures.
Among all these techniques of behavior management, BMTs are most important in pediatric dental care as the
children will react to treatment in varied manners depending upon their age, previous experience, and temperament
(Aldhelai, 2023; Shindova, 2020). One of the main purposes of behavior management is to reduce fear, which is one
of the major challenges to successful treatment in children. Distraction, positive reinforcement, and the Tell-Show-
Do method have been established as effective approaches for reducing anxiety and increasing cooperation in young
patients (Alowi & Baghlaf, 2023; Riba et al., 2018; Pedrotti et al., 2015). For example, auditory distraction
techniques have been used in pediatric dental patients to lower their anxiety levels, but often they are most effective
in combination with other non-pharmacological interventions (Challa & Moses, 2022). Furthermore, studies reveal
that informational techniques are better tolerated by parents than aversive methods, which is the importance of
parental involvement and acceptance in selecting behavior management strategies (Aldhelai, 2023; Pedrotti et al.,
2015).

Table 2. Behavior Management Strategies in MIPD.

Technique Description Application Example In-text Citations

Tell-Show-Do Gradual  exposure  to | Explaining steps to reduce anxiety Alowi & Baghlaf,
procedures 2023

Virtual Reality (VR) | Immersive distraction Reducing fear during procedures like | Wong et al., 2020

venipuncture

Positive Rewarding  cooperative | Verbal praise or small gifts post- | Ribaetal., 2018

Reinforcement behavior procedure

Music Therapy Soothing auditory | Reduces anxiety during dental | Agliatietal., 2018
environment treatments

Animal-assisted Interaction with therapy | Reduces fear and emotional stress Lo6pez-Ferndndez,

Therapy animals 2023

Behavior management techniques applied are not only good for the child but are also important for the dentist.
Pediatric dentists must therefore have a library of BMTs to be in apposition with the needs as presented by anxious
or resisting children. As cited by Slaven et al., 2019; Kawia et al., 2015, majority pediatric dentists feel that there is
inadequate preparation with these approaches. This underlines that more comprehensive training and educational
requirements on behavior management through dental curricula are highly recommended for future practitioners in
the complexities associated with pediatric care (Zalan, 2022). It would not be wise to ignore parental acceptance in
the management of behaviors. The perception of parents concerning different techniques of behavior management
has been highly found to influence their willingness to have their children undergo dental procedures (Aldhelai,
2023; Pedrotti et al., 2015). The relationship, therefore, highlights the importance of proper communication with the
parents about the benefits and appropriateness of the chosen BMTs to elicit a collaborative approach toward
pediatric dental care.

5. Orthodontic and Preventive Interventions

Early orthodontic interventions on children have been taken with minimally invasive approaches as they can
potentially improve outcomes in treatment, reduce the level of discomfort, and the period before recovery. The
methods are well applicable during the mixed dentition stage where early interventions would play a significant role
in influencing dental and skeletal development. One of them is piezocision, which involves the induction of
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microincisions in the buccal gingiva and promoting fast movement of teeth through decortication of alveolar bone.
This enhances the rate of alveolar bone turnover that leads to anabolic and catabolic activities that allow for rapid
movements during orthodontics (Hou et al., 2019). Piezocision is one of the minimally invasive methods that can be
followed by grafting in case it is required. Thus, it is pretty flexible to be applied by orthodontic practitioners (Hou
et al., 2019). Besides, a comparative study has revealed that piezocision can be combined with other more
conservative methods such as laser-assisted flapless corticotomy to make the tooth movement even faster (Alfawal
et al., 2018). Micro-osteoperforations is yet another novel technique where controlled small holes are created on the
alveolar bone. This provokes localized bone remodeling, thus improving the mobility of teeth and shortening the
time of treatment in general (Sinha, 2024).

MOPs have also been shown to minimize patient compliance as the results can be obtained sooner and with lesser
discomfort than in the case of traditional methods (Sinha, 2024). The benefit of MOPs is that they are non-invasive,
and orthodontists and patients prefer it over more invasive surgical interventions (Onyeaso, 2024). Interceptive
orthodontics is also an important component of early intervention. This treatment can prevent the establishment of
more complex orthodontic conditions. Such severe anteroposterior crossbites, ectopic molars, and discrepancies in
arch length are well-treated if the intervention is made timely (Sandhu, 2024; Inchingolo et al., 2022). Studies have
proven that early intervention is more effective as studies have revealed that children treated early have a better
prognosis than those treated late (Sandhu, 2024). Besides, latest advances in 3D printing technology have allowed
developing computer-assisted guides for surgical interventions. This makes the minimally invasive orthodontic
procedures more accurate and efficient (Hou et al., 2019). All these technological breakthroughs increase not only
the accuracy of interventions but also comfort and satisfaction of a patient.

6. Role of Technology and Innovation
Digital technologies revolutionize minimal invasive pediatric dentistry, especially with the introduction of intraoral
scanners and 3D printing. This will make the patient feel more comfortable and improve diagnostics along with
treatment, leading to a better clinical result when dealing with young patients.Intraoral scanners became an
important tool for dentists working with pediatric patients, replacing traditional methods like impression techniques
that are normally uncomfy and anxiety-evoking for children. 10S enables the capture of extremely accurate digital
impressions, without impression materials like alginate or polyvinyl siloxane, which are quite offensive to young
patients (Bellapukonda, 2024; Saini, 2024). Digital impressions captured using 10S are established to be similar in
their accuracy to conventional impressions, but with a significantly improved efficiency and comfort in the
workflow and for the patient (Ting-shu& Sun, 2014; Alkadi, 2023; Panwar et al., 2023). The quick acquisition of
digital models makes possible the immediate preparation of treatment and increases communication among dental
practitioners and patients, and the overall experience becomes less terrifying for children (Sfondrini et al., 2018;
Mangano et al., 2017).
Thirdly, 3D printing is modifying the treatment alternatives in pediatric dentistry. This technology enables the
fabrication of patient-specific dental appliances, including orthodontic devices and surgical guides, tailored to the
unique anatomical needs of pediatric patients (Tyagi, 2024). The rapid production of these appliances minimizes the
time children spend in treatment and reduces the number of appointments required, which is very helpful for young
patients who cannot tolerate long dental visits (Khurshid, 2023). Patient-specific models are also possible for
production through 3D printing, which is applied for pre-surgical planning and increased accuracy of interventions
with less invasiveness of procedures (Rotaru, 2023).

Table 3. Technologies in Minimally Invasive pediatric Dentistry.

Technology Functionality Benefits In-text Citations
Laser Fluorescence | Detects early caries High sensitivity, non-invasive Litzenburger et al.,
2021

Al-assisted Image analysis, caries | Improved accuracy, remote access Kihnisch et al., 2021

Diagnostics detection

3D Printing Customized dental | Patient-specific, fewer visits Tyagi, 2024; Khurshid,
appliances 2023

Digital Radiography | Imaging for caries | High-resolution imaging, reduced | Siew, 2024; Lin, 2023
detection radiation

Intraoral Scanners Digital impressions Accurate, reduces anxiety from | Sfondrinietal., 2018

traditional molds

Digital technologies also influence educational aspects in pediatric dentistry. These advanced tools that dentist
professionals will use will give them the opportunity to introduce the new generation of the patients on how to carry
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out oral hygiene using diagrams and interactivity in the demo models (Bellapukonda, 2024; Poduval, 2021). This
introduction shall form a foundation for healthy perspectives of proper oral hygiene during early childhood, which
shall finally manifest in better health conditions after several years (Khurshid, 2023). As the mainstreaming of Al
continues, especially with the treatment of children through minimally invasive interventions, the final aim is
optimizing decision-making processes as a way of improving patient outcomes and tailored treatments. All these are
done through the application of Al in various healthcare ways ranging from surgical planning, patient monitoring, to
post-operative care.

Develop Clinical Decision Support Systems, using algorithms from the field of machine learning. These algorithms
are supposed to further aid the clinical information analyzing and processing abilities. For instance, through these
decisions, while at work, healthcare providers shall be accorded insight, in the real time, into what applies
concerning patients plus evidence-based clinical guidelines established at any time (Olorunsogo, 2024; Ramirez,
2024). For instance, with minimal invasive surgeries, Al may be utilized in the preoperative planning phase to
forecast complications and then adapt the surgical techniques based on a specific patient's anatomy (Kuemmerli et
al., 2023). The predictability in children is crucial because the anatomical variations will highly influence the
surgical results.Al technologies also hold promise in enhancing the precision of minimally invasive procedures. For
example, the integration of Al with imaging technologies enhances the ability to identify and interpret images, a
very important feature in advising surgeons on operating procedures (Kuemmerli et al., 2023). This is true,
particularly in pediatric surgery, where the margins for errors are almost negligible and accuracy matters. The
minimally invasive procedures have been demonstrated by numerous studies to be associated with improved
recovery and short hospital stays in comparison to traditional surgeries, and Al-based approaches can further
optimize these outcomes (Tan et al., 2021).

Another major importance of Al is that in postoperative care and rehabilitation, the patient can be constantly
monitored. Continuous monitoring by health professionals with Al can track how recovery is happening and can
thus diagnose complications early, with the provision for timely intervention (Mennella et al., 2023). Pediatric
patients do not always report their discomfort or complications, so this can be important. Additionally, Al can assist
in tailoring rehabilitation protocols to the needs of each child, which makes recovery efficient and effective
(Mennella et al., 2023). There cannot be omitted ethical considerations regarding the Al within the decision-making
framework for health-related matters, especially concerning children. However, Al could be integrated for a more
favorable decision-making process and evokes concerns related to algorithm-based transparency and biases involved
in the recommendations themselves (Biller-Andorno et al., 2021;, Rolfes et al., 2023). Clinicians, as well as the
involved families, may question uncertainty when their dependency upon such Al systems exists, regarding the
medical recommendations and reliability of these. Accordingly, the Al should be designed by taking into
consideration human values and ethics that ensure openness and accountability of their prescriptions (Olorunsogo,
2024).

7. Benefits of Minimally Invasive Dentistry in Pediatrics

The management of treatment-related anxiety and fear in the pediatric patient is a highly significant component of
pediatric healthcare. Different interventions have been reviewed for their ability to alleviate the emotional responses,
and the level of evidence supporting the effect of non-pharmacologic interventions is substantial. There is a
prominent method used,; it is therapeutic play, along with play therapy that significantly reduces the level of anxiety
in hospitalized children. For example, a study by Zengin et al. proved that the therapeutic play did not only reduce
anxiety and fear levels in children after liver transplantation but also had positive impacts on parental anxiety levels,
suggesting that such interventions have a more general benefit (Zengin et al., 2021). Other studies have also
supported the use of therapeutic play in pediatric oncology environments where this was shown to reduce anxiety
and pain during procedures such as catheterization (Zengin et al., 2021).

Another novel application in pediatric care is virtual reality-based interventions, which are recently on the rise.
Wong et al. documented the advantages of VR in pain and anxiety relief in children with cancer during procedures
such as venipuncture (Wong et al., 2020). This is supported by the systematic review, which established the efficacy
of VR in reducing anxiety during a range of medical procedures, including wound care for burn patients (Shiferaw et
al., 2022). The immersive nature of VR seems to distract the patient from his or her immediate fears and discomfort,
thereby offering a more positive treatment experience. Music therapy is another non-invasive approach that has been
promising in reducing anxiety in medical procedures. Agliati et al. performed an integrative review that
demonstrated music's ability to greatly reduce anxiety and fear in dental care, indicating that auditory stimuli can be
used to create a soothing environment for pediatric patients (Agliati et al., 2018). This is especially relevant in
environments where children may be fearful of the sounds involved in medical treatments.

Other research have also been conducted on the use of mobile applications that educate and prepare children for
medical procedures to reduce preoperative anxiety. Wantanakorn et al. showed that mobile applications could be
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used to reduce anxiety levels in pediatric patients undergoing bone marrow aspirations, emphasizing the need for
age-appropriate educational tools in anxiety management (Wantanakorn et al., 2018). The findings further suggest
that necessary information regarding applications can be accessible and engaging for children, thus reducing fear
associated with aspects of medical procedures that are unknown. Apart from these, animal-assisted therapy, as a
helpful approach, has been designed in pediatric care. According to research by Lopez-Fernandez, interaction with
therapy animals was able to diminish pain, fear, and anxiety of hospitalized children to an appreciable extent, and,
therefore, it may help decrease emotional stress and comfort when medical procedures are stressful (Lopez-
Fernandez, 2023).

8. Challenges and Limitations

Limitations associated with minimally invasive approaches to dentistry, especially those associated with advanced
caries or more complex cases, are critical in understanding their effective clinical applications. The limitations can
be considered in terms of challenges arising around clinical practice, knowledge deficiency of the professionals, and
technical limitations inherently associated with the techniques.

8.1. Limitation

The dentist has preference and knowledge about the minimal invasive approach. A study suggested that most
dentists tend to remove caries completely, probably because they are not aware of the minimally invasive techniques
like stepwise excavation or chemo mechanical caries removal (CMCR) (Alnahwi et al., 2018). This tendency results
in the underutilization of the minimally invasive approaches, even though they can save the tooth structure and
minimize the patient's discomfort (Reddy et al., 2015). However, lack of training in the application of such
techniques has been experienced, resulting in fewer practices in the clinics (Alnahwi et al., 2018; Almahdy et al.,
2017). One of the gaps education and training can fill is in knowledge about the effectiveness and application of
minimally invasive dentistry (Showkat et al., 2020).

Technical challenges from the application of minimally invasive techniques limit these efforts. Methods like laser
ablation and CMCR are particularly designed to remove the carious tissue while preserving the healthy dentin;
however, how efficient such methods are can significantly depend on the severity of carious lesions and the nature
of the tooth involved (Garcia-Contreras et al., 2014; Raveendran et al., 2020). For example, in deep caries,
remaining dentin often has poor microhardness and may also be contaminated by bacteria; thus, results from these
treatments can be hard to achieve (Anwar et al., 2017; Villat et al., 2016). Patientspecific factors like the risk for
their caries and also the adherence of the patient to preventive practices plays a key role in ensuring the success of
these treatments (Desai et al., 2021; Giacaman et al., 2018). This variability demands a more personalized treatment
approach, which may involve time and, at specific times, is not actually feasible in real practice. Moreover,
dependence on some materials and methodologies may also create problems. For example, agents like
chemomechanical agents, Papacarie, and Carisolv promise in the selective removal of caries with variable efficacies
for different types of soft tissues of decay (Reddy et al., 2015; Garcia-Contreras et al., 2014). Minimally invasive
treatments often depend on the availability of good materials and skilled professionals while applying them that is a
great variation between practice settings (Pozos-Guillén et al., 2021).

9. Case Studies and Success Stories

Minimally invasive techniques have been adopted with a great degree of acceptance in pediatric dentistry due to
their efficacy in maintaining tooth structure along with the necessary treatment of dental caries and other oral
diseases. All of these, namely ART, HCT, and cryosurgery, are excellent examples, with unique clinical applications
for each one. Among all these minimally invasive procedures applied clinically by removing decay without using a
local anesthetic by employing hand instruments, one should mention Atraumatic Restorative Treatment, or briefly
ART. This technique, indeed, has well shown and proven to be highly efficacious in enhancing the quality of
children's oral health life and thereby reduced the referral of patients toward specialists for the management of
young patients' caries cases. Arrow & Forrest (2020). ART is ideal for treating cavities in primary teeth because it
allows for effective restoration with minimal discomfort and anxiety in children (Gomes et al., 2022). The technique
has been validated in most of the clinical trials, which confirm its success and acceptance by children and their
parents (Arrow & Forrest, 2020; Arrow et al., 2020). It is also an inexpensive method and thus practicable for the
poor, who comprise children, among others, particularly in most places where children have been found to find it
hard to access dental care services (Gomes et al., 2022).

9.1. Hall Crown Technique

Hall Crown Technique is another minimally invasive technique, caries sealing with a stainless-steel crown, without
any preparation or removal of caries from the tooth. This also follows the guidelines of the International Caries
Classification and Management System (ICCMS) and was deemed effective for the management of carious lesions
with the preservation of the tooth structure (Nguyen et al., 2021). It has been more useful for community dental
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settings wherein it is observed that this approach seriously reduces the requirement for a more invasive procedure
(Nguyen et al., 2021). The technique is also especially relevant nowadays in terms of the COVID-19 pandemic,
wherein infection control becomes of the utmost essence. For this purpose, the technique can also reduce aerosol
generation in treatment (Alsaleh et al., 2020).

Cryosurgery is another one of the latest minimally invasive techniques adopted to effectively manage the oral lesion
of children. This procedure is well-tolerated by a child without any requirement of local anesthesia. Hence, this is
good for those fearful patients (Rezende et al., 2014). Multiple lesions can be simultaneously treated. With the lowest
complication ratio, this enhances the appeal to the pediatric practice (Rezende et al., 2014).

Furthermore, the use of advanced technologies in restorative protocols, such as CAD/CAM systems, has made it
easier to execute minimally invasive techniques. These technologies allow for high-precision restorations with
minimal preparation of the natural dental tissue (Reston et al., 2023; RECH et al., 2022). The use of biomimetic and
adhesive restorative materials has also been changed to address caries at the microscopic level, which is a mainstay
of minimally invasive dentistry (Showkat et al., 2020).

10. Future Directions and Research Priorities

Nanotechnology and regenerative therapies are at the threshold of revolutionizing pediatric dental care, through
innovation in the prevention, diagnosis, and treatment of dental conditions. The integration of these technologies can
make the treatments more effective with reduced invasiveness, and is especially useful in pediatric patients, who are
easily frightened during dental procedures. At one time referred to as nano dentistry, nanotechnology remains a
concept of the last few years which utilizes material of nanoscale and also tools of such dimension to gain improved
results in dentistry. By taking an example, application in the field of restorative dentistry, of nanomaterial resulted in
discovery of biomimetic which seems identical in texture in order to offer characteristics nearer than one natural
way (Chokkattu et al., 2023). These materials can also be engineered to have specific properties such as enhanced
biocompatibility and controlled drug release, which are important for effective treatment in children (Polini et al.,
2013; Agrawal, 2023). Nanotechnology also enables the building of nanoscale drug delivery systems targeted to
specific sites in the oral cavity, thus allowing a more targeted treatment of dental caries and periodontal disease
(Dave, 2023; Neel et al., 2015).

Regenerative therapies with emphasis on stem cell are very promising for the management of most pediatric dental
conditions like congenital anomalies and trauma to the teeth. The plasticity of dental stem cells allows them to
differentiate into many types of cells that are needed for tissue reconstruction, which could be one of the least
invasive treatments other than the conventional treatments (Aldomyati, 2023; Tatullo et al., 2020). For example,
using regenerative techniques, loss or destruction of dental tissue can be replaced and hence is less likely to require
more invasive forms of surgical treatment (Zimta et al., 2019). Furthermore, tissue engineering and bioactive
materials are more likely to enhance the regeneration of periodontal tissues hence becoming a more viable remedy
for conditions that involve the supportive structures of the teeth (Gallo et al., 2022; Larsson et al., 2015).
Furthermore, the combination of nanotechnology and regenerative therapies often results in synergistic effects that
enhance treatment outcomes. In this regard, silver nanoparticles mixed with fluoride varnishes have been discovered
to promote the remineralization of primary teeth, which thereby prevents early signs of dental caries among children
(Girdn et al., 2017). This heals existing dental conditions and prevents future decay.

Conclusion

Minimally invasive pediatric dentistry has emerged as one of the cornerstones of contemporary treatment, providing
an interface in which effective treatment does not compromise the preservation of any natural structures and the
psychological comfort. Techniques such as ART, Hall crown technique, and cryosurgery have managed dental
caries and lesions with minimal discomfort and highly acceptable among patients. The use of technologies in the
form of laser fluorescence and Al-assisted diagnostics has enhanced the diagnostic accuracy and treatment planning
as well as 3D printing with its customized and efficient intervention in orthodontic treatment. Maturity has ensured
that behavior management is still a core element where the comfort and cooperation with treatment are ensured in
the case of pediatric patients. In fact, positive reinforcement with distractions using virtual reality has remarkably
reduced anxiety levels, enabling treatment outcomes to be improved from their general levels. Even prevention by
the caregivers will promote further long-term benefits by MIPD. The limitations of MIPD, including resource
constraints and variability in practitioner expertise, call for further education and research. New fields, such as
nanotechnology and regenerative therapies, hold immense promise for advancing MIPD by providing minimally
invasive solutions for tissue repair and caries prevention. As the science progresses, the inclusion of latest
technologies with patient-centered care will establish MIPD's place in revolutionizing pediatric dental health. MIPD
ensures a comprehensive care that focuses on both the clinical and psychosocial aspects, hence giving it a strong
basis for a lifelong oral health.

2073



Yahya Abdullah Jubran Maashi, ShrogAwid Matar Alharthi,Yahya Ali Moraya Sharahili, Jamelah Nasser A Alamrani, Areej Odah Alhawiti, Salwa
Sumaidan Salem Aljohani, Faizah Nasser A Alamrani, Rahaf Mohammed Saud Alshammari, Munif Marzouq Rasheed Albalawi, Faisal Salem Alatwi,
Khader Rasheed Al Balawi, Amro Ammar MAlsufyani, Ateyah Abdualkreem A Alharthi, Ibrahim Mohammed Dassan Alenazi, Yasir Magbul
Abdulmawla Almohammadi

Acknowledgement

The authors are thankful to open access articles and Library on different data base like PubMed, Medline,
Embase, Google Scholar, Cochrane Library, BMJ Clinical Evidence and DOAJ and, as well as national dental
association.

Conflict of Interest

The authors declare they don’t have any conflict of interest in the form of finance or other things.

Author contributions

All Co-authors were participated in data collection, manuscript editing, reviewing, table and figure creating. The
original manuscript draft was creating by first author, and cross ponding was supervisor the manuscript and all
authors given the final approval for manuscript submission to journal for publication.

Ethical Approval

Not Applicable

Funding

No funding received

Reference

Gunda, S. and Varma, N. (2013). Minimal intervention in pediatric dentistry. Journal of Orofacial Research, 3, 28-
33. https://doi.org/10.5005/jp-journals-10026-1059

Leal, S., Damé-Teixeira, N., Barbosa, C., Kominami, P., Raposo, F., Takeshita, E., ... & Banerjee, A. (2022).
Minimum intervention oral care: defining the future of caries management. Brazilian Oral Research, 36.
https://doi.org/10.1590/1807-3107bor-2022.vol36.0135

Leme, R., Lamarque, G., Bastos, L., Arnez, M., & Paula-Silva, F. (2022). Minimal intervention dentistry:
biocompatibility and mechanism of action of products for chemical-mechanical removal of carious tissue. Frontiers
in Dental Medicine, 3. https://doi.org/10.3389/fdmed.2022.851331

Reston, E., Kramer, P., Kamanski, D., Tavares, J., Weber, J., Feldens, C., ... & Cunha, P. (2023). Crown fracture of
an unerupted incisor in a young child: case report and restorative protocol. International Journal of Clinical Pediatric
Dentistry, 15(5), 636-641. https://doi.org/10.5005/jp-journals-10005-2437

Showkat, N., Singh, G., Singla, K., Sareen, K., Chowdhury, C., & Jindal, L. (2020). Minimal invasive dentistry:
literature review. Journal of Current Medical Research and Opinion, 3(09). https://doi.org/10.15520/jcmro.v3i09.340
Soni, A., Paul, S., & Sachdeva, P. (2021). Silver diamine fluoride as a minimally invasive and aerosol free approach
in pediatric dentistry: an extensive case series. Contemporary Pediatric Dentistry, 2(2), 42-54.
https://doi.org/10.51463/cpd.2021.51

Alsaleh, M., Sabbarini, J., Al-Batayneh, O., & Khader, Y. (2020). Changes in behavior management and treatment
modalities in pediatric dentistry during covid-19 pandemic. International Journal of Clinical Pediatric Dentistry,
13(S1), S125-S131. https://doi.org/10.5005/jp-journals-10005-1885

Clementino, M., Gomes, M., Pinto-Sarmento, T., Martins, C., Granville-Garcia, A., & Paiva, S. (2015). Perceived
impact of dental pain on the quality of life of preschool children and their families. Plos One, 10(6), e0130602.
https://doi.org/10.1371/journal.pone.0130602

Igna, A., Mircioaga, D., Boariu, M., &Stratul, S. (2022). A diagnostic insight of dental pulp testing methods in
pediatric dentistry. Medicina, 58(5), 665. https://doi.org/10.3390/medicina58050665

Innes, N. and Manton, D. (2017). Minimum intervention children's dentistry — the starting point for a lifetime of oral
health. BDJ, 223(3), 205-213. https://doi.org/10.1038/sj.bd}.2017.671

Martins-Janior, P., Vieira-Andrade, R., Corréa-Faria, P., Oliveira-Ferreira, F., Marques, L., & Ramos-Jorge, M.
(2012). Impact of early childhood caries on the oral health-related quality of life of preschool children and their
parents. Caries Research, 47(3), 211-218. https://doi.org/10.1159/000345534

Qiu, R., Lo, E., Zhi, Q., Zhou, Y., Tao, Y., & Lin, H. (2014). Factors related to children’s caries: a structural
equation modeling approach. BMC Public Health, 14(1). https://doi.org/10.1186/1471-2458-14-1071

Ruff, R., Sischo, L., & Broder, H. (2016). Minimally important difference of the child oral health impact profile for
children with orofacial anomalies. Health and Quality of Life Outcomes, 14(1). https://doi.org/10.1186/s12955-016-
0544-1

Sireerat, K. and Samnieng, P. (2018). Preventive oral health care in a school for children with special health care
needs.. https://doi.org/10.2991/idsm-17.2018.13

Hefnawy, M. (2023). Silver diamine fluoride and its applications in pediatric dentistry: a review article. Advanced
Dental Journal, 5(4), 840-850. https://doi.org/10.21608/adjc.2023.210450.1312

Walsh, L. and Brostek, A. (2013). Minimum intervention dentistry principles and objectives. Australian Dental
Journal, 58(s1), 3-16. https://doi.org/10.1111/adj.12045

2074



Latest Approaches to Minimally Invasive Pediatric Dentistry: AI-Assisted Diagnostics Techniques, Behaviors Management, Preventive Interventions,
Challenges and Limitations

Abirami, S., Jain, R., & Dinesh, S. (2022). Reliability evaluation of 3-d models when compared with plaster models
for mixed dentition analysis. International Journal of  Health Sciences, 3983-3993
https://doi.org/10.53730/ijhs.v6ns6.11559

Chaparro, J., Plaza-Ruiz, S., Gonzalez, E., Rios, L., Barreto, L., & Garcia-Rojas, E. (2022). Orthodontists’
preferences in the use and timing of appliances for the correction of malocclusions in growing patients. Journal of
Oral Research, 11(1), 1-14. https://doi.org/10.17126/joralres.2022.002

Jafarzadeh, M., Ehteshami, A., Shanaghi, A., marzoughi, S., & Salari-Moghaddam, R. (2021). A cross sectional
study on frequency of malocclusion in 3 to 5- year-old children in isfahan, iran. Journal of Research in Dental and
Maxillofacial Sciences, 6(3), 1-7. https://doi.org/10.52547/jrdms.6.3.1

Miao, W., Zhou, D, Li, C., Chen, L., Guan, M., Yan, P., ... & Li, M. (2021). Dental developmental stage affects the
treatment outcome of maxillary protraction in skeletal class iii children: a systematic review and meta-analysis.
Australasian Orthodontic Journal, 37(1), 37-49. https://doi.org/10.21307/a0j-2021-004

Mukhopadhyay, S. and Mitra, S. (2014). Anomalies in primary dentition: their distribution and correlation with
permanent dentition. Journal of Natural Science Biology and Medicine, 5(1), 139. https://doi.org/10.4103/0976-
9668.127313

Suresh, P. (2023). ‘m’ mechanics for midline diastema correction in mixed dentition. BMJ Case Reports, 16(9),
€256179. https://doi.org/10.1136/bcr-2023-256179

Yaseen, S. and Acharya, R. (2012). Hexa helix: modified quad helix appliance to correct anterior and posterior
crosshites in mixed dentition. Case Reports in Dentistry, 2012, 1-5. https://doi.org/10.1155/2012/860385

Zhou, X., Zhang, Y., Wang, Y., Zhang, H., Chen, L., & Liu, Y. (2017). Prevalence of malocclusion in 3- to 5-year-
old children in shanghai, china. International Journal of Environmental Research and Public Health, 14(3), 328.
https://doi.org/10.3390/ijerph14030328

(2023). Near-infrared transillumination compared to digital bitewing radiography for proximal caries detection.
Journal of Imab - Annual Proceeding (Scientific Papers), 29(4), 5282-5285.
https://doi.org/10.5272/jimab.2023294.5282

AbdELKkader, A. (2024). Reliability of impedance spectroscopy versus digital radiograph and icdas-ii in occlusal
caries detection: a prospective clinical trial. Scientific Reports, 14(1). https://doi.org/10.1038/s41598-024-66627-4
Abdat, M. (2024). Detection of caries and determination of treatment needs using dentmateledentistry: a deep
learning approach. Dental Journal (MajalahKedokteran Gigi), 57(1), 62-67.
https://doi.org/10.20473/j.djmkg.v57.i1.p62-67

Kihnisch, J., Meyer, O., Hesenius, M., Hickel, R., & Gruhn, V. (2021). Caries detection on intraoral images using
artificial intelligence. Journal of Dental Research, 101(2), 158-165. https://doi.org/10.1177/00220345211032524
Lin, W. (2023). Performance of the caries diagnosis feature of intraoral scanners and near-infrared imaging
technology—a narrative review. Journal of Prosthodontics, 32(S2), 114-124. https://doi.org/10.1111/jopr.13770
Litzenburger, F., Heck, K., Kaisarly, D., &Kunzelmann, K. (2021). Diagnostic validity of early proximal caries
detection using near-infrared imaging technology on 3d range data of posterior teeth. Clinical Oral Investigations,
26(1), 543-553. https://doi.org/10.1007/s00784-021-04032-1

Schlenz, M., Schupp, B., Schmidt, A., Wostmann, B., Baresel, 1., Kramer, N., ... & Schulz-Weidner, N. (2022).
New caries diagnostic tools in intraoral scanners: a comparative in vitro study to established methods in permanent
and primary teeth. Sensors, 22(6), 2156. https://doi.org/10.3390/s22062156

Siew, B. (2024). Case report on caries assessment using intraoral scanner compared with bitewing radiographs.
European Journal of Dentistry, 18(03), 957-962. https://doi.org/10.1055/s-0044-1782192

(2022). Microtensile bond strength of resin modified glass ionomer restoration in carious primary molars pretreated
with silver diamine fluoride. Mansoura Journal of Dentistry, 9(2), 52-56. https://doi.org/10.21608/mjd.2022.241152
Chen, Y., Chen, D., & Lin, H. (2020). Infiltration and sealing for managing non-cavitated proximal lesions: a
systematic review and meta-analysis.. https://doi.org/10.21203/rs.3.rs-55900/v2

Chu, C., Mei, M., & Seneviratne, C. (2011). Effects of silver diamine fluoride on dentine carious lesions induced by
streptococcus mutans and actinomyces naeslundii biofilms. International Journal of Paediatric Dentistry, 22(1), 2-10.
https://doi.org/10.1111/j.1365-263x.2011.01149.x

Elasser, D., Niazy, M., jamil, W., Elsharkawy, D., & Anani, H. (2022). Evaluation of the remineralizing effect of
natural versus synthetic materials on deep carious dentin. Al-Azhar Dental Journal for Girls, 9(4), 581-591.
https://doi.org/10.21608/adjg.2022.100631.1417

Firouzmandi, M., Shafiei, F., Jowkar, Z., & Nazemi, F. (2019). Effect of silver diamine fluoride and
proanthocyanidin on mechanical properties of caries-affected dentin. European Journal of Dentistry, 13(02), 255-
260. https://doi.org/10.1055/s-0039-1693237

2075



Yahya Abdullah Jubran Maashi, ShrogAwid Matar Alharthi,Yahya Ali Moraya Sharahili, Jamelah Nasser A Alamrani, Areej Odah Alhawiti, Salwa
Sumaidan Salem Aljohani, Faizah Nasser A Alamrani, Rahaf Mohammed Saud Alshammari, Munif Marzouq Rasheed Albalawi, Faisal Salem Alatwi,
Khader Rasheed Al Balawi, Amro Ammar MAlsufyani, Ateyah Abdualkreem A Alharthi, Ibrahim Mohammed Dassan Alenazi, Yasir Magbul
Abdulmawla Almohammadi

Gao, S., Zhang, S., Mei, M., & Lo, E. (2016). Caries remineralisation and arresting effect in children by
professionally applied fluoride treatment — a systematic review. BMC Oral Health, 16(1).
https://doi.org/10.1186/s12903-016-0171-6

Hussein, F., Hashem, S., & El-Sayed, S. (2021). The synergetic effect of silver diamine fluoride with potassium
iodide and grape seed extract on dentin remineralization. Al-Azhar Dental Journal for Girls, 8(1), 71-80.
https://doi.org/10.21608/adjg.2021.43369.1296

Nuvvula, S. and Mallineni, S. (2019). Silver diamine fluoride in pediatric dentistry. Journal of South Asian
Association of Pediatric Dentistry, 2(2), 73-80. https://doi.org/10.5005/jp-journals-10077-3024

Schwendicke, F., Meyer-Lueckel, H., Stolpe, M., Dorfer, C., & Paris, S. (2014). Costs and effectiveness of treatment
alternatives for proximal caries lesions. Plos One, 9(1), €86992. https://doi.org/10.1371/journal.pone.0086992

Soud, A., Elsaied, H., & Omar, S. (2020). Comparative evaluation of the effects of silver diamine fluoride
(commercial and lab prepared) versus nano silver fluoride on demineralized human enamel surfaces (in vitro study).
Egyptian Dental Journal, 66(1), 153-163. https://doi.org/10.21608/edj.2020.77529

Srisomboon, S., Kettratad, M., Pakawanit, P., Rojviriya, C., Patntirapong, S., &Panpisut, P. (2022). Effects of silver
diamine nitrate and silver diamine fluoride on dentin remineralization and cytotoxicity to dental pulp cells: an in
vitro study. Journal of Functional Biomaterials, 13(1), 16. https://doi.org/10.3390/jfb13010016

Zheng, F., Yan, ., Duangthip, D., Gao, S., Lo, E., & Chu, C. (2022). Silver diamine fluoride therapy for dental care.
Japanese Dental Science Review, 58, 249-257. https://doi.org/10.1016/j.jdsr.2022.08.001

(2020). Atraumatic restorative treatment for managing dental caries - a review. Indian Journal of Forensic Medicine
& Toxicology. https://doi.org/10.37506/ijfmt.v14i4.12381

Ahmad, M., khattab, N., & Ishag, M. (2022). Parental satisfaction assessment of silver modified atraumatic
restorative technique in comparison to atraumatic restorative technique. Minia Journal of Medical Research, 33(2),
12-17. https://doi.org/10.21608/mjmr.2022.249859

Carvalho, T., Ribeiro, T., Bonecker, M., Pinheiro, E., & Colares, V. (2009). The atraumatic restorative treatment
approach: an atraumatic alternative. Medicina Oral Patologia Oral Y Cirugia Bucal, e668-e673.
https://doi.org/10.4317/medoral.14.e668

Hegde, D. (2024). Silver modified atraumatic restorative treatment: a paradigm shift in dental caries management.
Primary Dental Journal, 13(2), 29-35. https://doi.org/10.1177/20501684241249545

Holmgren, C., Roux, D., &Doméjean, S. (2013). Minimal intervention dentistry: part 5. atraumatic restorative
treatment (art) — a minimum intervention and minimally invasive approach for the management of dental caries.
BDJ, 214(1), 11-18. https://doi.org/10.1038/sj.bdj.2012.1175

Kateeb, E., Warren, J., Damiano, P., Momany, E., Kanellis, M., Weber-Gasparoni, K., ... & Ansley, T. (2013).
Teaching atraumatic restorative treatment in u.s. dental schools: a survey of predoctoral pediatric dentistry program
directors. Journal of Dental Education, 77(10), 1306-1314. https://doi.org/10.1002/j.0022-
0337.2013.77.10.tb05604.x

Mohapatra, S. (2024). Clinical outcome success of silver-modified atraumatic restorative treatment (smart) in
treating children with dental caries in primary teeth: a systematic review. Journal of Health and Allied Sciences Nu.
https://doi.org/10.1055/s-0044-1788659

Montecino, M. (2023). Silver-modified atraumatic restorative technique (smart) in early childhood caries.
OdontolPediatr. https://doi.org/10.20960/odontolpediatr.00005

Sharma, S., Raghu, R., & Shetty, A. (2021). Current status of atraumatic restorative treatment in restorative dentistry.
JRDE, 1, 9-16. https://doi.org/10.25259/jrde_8 2020

Zanata, R., Fagundes, T., Freitas, M., Lauris, J., & Navarro, M. (2010). Ten-year survival of art restorations in
permanent posterior teeth. Clinical Oral Investigations, 15(2), 265-271. https://doi.org/10.1007/s00784-009-0378-x
Amorim, R., Leal, S., & Frencken, J. (2011). Survival of atraumatic restorative treatment (art) sealants and
restorations: a meta-analysis. Clinical Oral Investigations, 16(2), 429-441. https://doi.org/10.1007/s00784-011-0513-
3

Barbosa, P., Lopes, A., Lima, L., Lima, M., Brandim, A., & Gongalves, A. (2016). Surface hardness of glass
ionomer cements used in atraumatic restorative treatment. Pesquisa Brasileira Em Odontopediatria E
Clinicalntegrada, 16(1), 449-455. https://doi.org/10.4034/pboci.2016.161.47

Hodisan, 1., Prejmerean, C., Petean, 1., Prodan, D., Buruiana, T., Colceriu, L., ... &Tomoaia-Cotisel, M. (2017).
Synthesis and characterization of novel giomers for dental applications. Studia Universitatis Babes-Bolyai Chemia,
62(4), 143-154. https://doi.org/10.24193/subbchem.2017.4.12

2076



Latest Approaches to Minimally Invasive Pediatric Dentistry: AI-Assisted Diagnostics Techniques, Behaviors Management, Preventive Interventions,
Challenges and Limitations

Khere, C., Hiremath, H., Nagarajappa, S., Misar, P., & Gorie, N. (2019). Evaluation of antibacterial activity of three
different glass ionomer cements on streptococcus mutans: an in-vitro antimicrobial study.. Medicine and Pharmacy
Reports. https://doi.org/10.15386/mpr-1113

Mohamed, E., Shoreibah, E., EImasry, E., Niazy, M., & Mostafa, M. (2016). A clinical and laboratory evaluation of
different remineralizing agents used for treatment of carious posterior teeth. Al-Azhar Dental Journal for Girls, 3(3),
215-222. https://doi.org/10.21608/adjg.2016.5090

Ngo, H. and Vital, S. (2014). Minimal intervention dentistry ii: part 7. minimal intervention in cariology: the role of
glass-ionomer cements in the preservation of tooth structures against caries. BDJ, 216(10), 561-565.
https://doi.org/10.1038/sj.bdj.2014.398

Nujella, B., Choudary, M., Reddy, S., Kumar, M., & Gopal, T. (2012). Comparison of shear bond strength of
aesthetic restorative materials. Contemporary Clinical Dentistry, 3(1), 22. https://doi.org/10.4103/0976-237x.94541
Pires, C., Pedrotti, D., Lenzi, T., Soares, F., Ziegelmann, P., & Rocha, R. (2018). Is there a best conventional
material for restoring posterior primary teeth? a network meta-analysis. Brazilian Oral Research, 32(0).
https://doi.org/10.1590/1807-3107bor-2018.vol32.0010

Singh, A., Jaurha, S., Pannu, H., & Kaur, A. (2023). Comparative evaluation of microleakage and shear bond
strength of glass ionomer cement, composite, resin modified glass ionomer cement restorative material: an in vitro
study. Svoa Dentistry, 4(3). https://doi.org/10.58624/svoade.2023.04.0132

Usha, C. and John, B. (2014). Nanotechnology in adhesive restorative biomaterials. Annals of SBV, 3(2), 46-50.
https://doi.org/10.5005/jp-journals-10085-3208

Yamada, Y. (2018). A short review: effectiveness combination with glass ionomer cements and chemo-mechanical
caries removal.. oral-health, 02(01). https://doi.org/10.35841/oral-health.2.1.9-12

Aldhelai, T. (2023). Parental acceptance of behavior management techniques for pediatric dental visits in gassim,
saudiarabia: a cross-sectional study. The Open Dentistry Journal, 17(1).
https://doi.org/10.2174/0118742106271451230922113920

Alowi, W. and Baghlaf, K. (2023). Behavioral and dental management of a pediatric patient diagnosed with
autoimmune encephalitis: a case report. International Journal of Clinical Pediatric Dentistry, 16(2), 416-419.
https://doi.org/10.5005/jp-journals-10005-2532

Challa, R. and Moses, J. (2022). Audio distraction technique in management of anxious pediatric dental patients.
International Journal of Pedodontic Rehabilitation, 7(1), 28-34. https://doi.org/10.56501/intjpedorehab.v7i1.182
Kawia, H., Mbawalla, H., &Kahabuka, F. (2015). Application of behavior management techniques for paediatric
dental patients by tanzanian dental practitioners. The Open Dentistry Journal, 9(1), 455-461.
https://doi.org/10.2174/1874210601509010455

Pedrotti, B., Mucha, C., Turchiello, R., Pereira, K., Dotto, P., & Santos, B. (2015). Anxiety in the pediatric dental
clinic: use of informative and aversive behavior management techniques. Pesquisa Brasileira Em Odontopediatria E
Clinicalntegrada, 15(1), 327-335. https://doi.org/10.4034/pboci.2015.151.35

Riba, H., Alshahrani, A., Al-Ghutaimel, H., Al-Otaibi, A., & Al-Kahtani, S. (2018). Parental presence/absence in the
dental operatory as a behavior management technique: a review and modified view. The Journal of Contemporary
Dental Practice, 19(2), 237-241. https://doi.org/10.5005/jp-journals-10024-2243

Shindova, M. (2020). Use of behavior management techniques by dental practitioners during the treatment of
pediatric  patients  from  different age groups. Euras Journal of Health, 2(1), 49-60.
https://doi.org/10.17932/ejoh.2020.022/ejoh_v02i1004

Slaven, C., Wells, M., DeSchepper, E., Dormois, L., Vinall, C., & Douglas, K. (2019). Effectiveness of and dental
student satisfaction with three teaching methods for behavior guidance techniques in pediatric dentistry. Journal of
Dental Education, 83(8), 966-972. https://doi.org/10.21815/jde.019.091

Zalan, A. (2022). Attitude and practice of general dental practitioners and other dental specialties towards pediatric
dentistry in pakistan. Journal of the Pakistan Dental Association, 31(01), 11-15.

Alfawal, A., Hajeer, M., Ajaj, M., Hamadah, O., & Brad, B. (2018). Evaluation of piezocision and laser-assisted
flapless corticotomy in the acceleration of canine retraction: a randomized controlled trial. Head & Face Medicine,
14(1). https://doi.org/10.1186/s13005-018-0161-9

Hou, H., Li, C., Chen, M., Lin, P., Liu, W., Tsai, Y., ... & Huang, R. (2019). A novel 3d-printed computer-assisted
piezocision guide for surgically facilitated orthodontics. American Journal of Orthodontics and Dentofacial
Orthopedics, 155(4), 584-591. https://doi.org/10.1016/j.ajodo0.2018.11.010

Inchingolo, A., Patano, A., Coloccia, G., Ceci, S., Inchingolo, A., Marinelli, G., ... &Inchingolo, F. (2022). The
efficacy of a new amcop® elastodontic protocol for orthodontic interceptive treatment: a case series and literature
overview. International Journal of Environmental Research and Public Health, 19(2), 988.
https://doi.org/10.3390/ijerph19020988

2077



Yahya Abdullah Jubran Maashi, ShrogAwid Matar Alharthi,Yahya Ali Moraya Sharahili, Jamelah Nasser A Alamrani, Areej Odah Alhawiti, Salwa
Sumaidan Salem Aljohani, Faizah Nasser A Alamrani, Rahaf Mohammed Saud Alshammari, Munif Marzouq Rasheed Albalawi, Faisal Salem Alatwi,
Khader Rasheed Al Balawi, Amro Ammar MAlsufyani, Ateyah Abdualkreem A Alharthi, Ibrahim Mohammed Dassan Alenazi, Yasir Magbul
Abdulmawla Almohammadi

Onyeaso, C. (2024). Nigerian orthodontic patients’ satisfaction with duration of conventional treatment, their
perception and attitude towards accelerated orthodontics in a university teaching hospital. Asian Journal of Medicine
and Health, 22(7), 221-235. https://doi.org/10.9734/ajmah/2024/v22i71063

Sandhu, A. (2024). The impact of early orthodontic intervention on dental and skeletal development in children with
mixed dentition. Journal of Pharmacy and Bioallied Sciences, 16(Suppl 1), S818-S820.
https://doi.org/10.4103/jpbs.jpbs_1035 23

Sinha, A. (2024). Accelarated orthodontic treatment using microosteoperforations: a comparative study. Journal of
Pharmacy and Bioallied Sciences, 16(Suppl 2), S1805-S1807. https://doi.org/10.4103/jpbs.jpbs_1168 23

Alkadi, L. (2023). A comprehensive review of factors that influence the accuracy of intraoral scanners. Diagnostics,
13(21), 3291. https://doi.org/10.3390/diagnostics13213291

Bellapukonda, D. (2024). Digitalization of pediatric dentistry: a review. Academia Journal of Medicine, 7(1), 6-10.
https://doi.org/10.62245/ajm.v7.i1.2

Khurshid, Z. (2023). Digital dentistry: transformation of oral health and dental education with technology. European
Journal of Dentistry, 17(04), 943-944. https://doi.org/10.1055/s-0043-1772674

Mangano, F., Gandolfi, A., Luongo, G., & Logozzo, S. (2017). Intraoral scanners in dentistry: a review of the
current literature. BMC Oral Health, 17(1). https://doi.org/10.1186/s12903-017-0442-x

Panwar, M., Gupta, S., Singh, U., Das, A., & Isha, S. (2023). Role of intraoral scanners in pediatric dentistry.
International Journal of Medical and Dental Sciences, 2071-2076. https://doi.org/10.18311/ijmds/2023/646

Poduval, S. (2021). Digital dentistry: current concepts and future prospects. Journal of Dental Specialities, 9(1), 1-2.
https://doi.org/10.18231/j.jds.2021.001

Rotaru, C. (2023). Three-dimensional scanning accuracy of intraoral scanners for dental implant scan bodies—an
original study. Medicina, 59(11), 2037. https://doi.org/10.3390/medicina59112037

Saini, R. (2024). Text mining analysis of scientific literature on digital intraoral scanners in dentistry: bibliometric
analysis. Digital Health, 10. https://doi.org/10.1177/20552076241260837

Sfondrini, M., Gandini, P., Malfatto, M., Corato, F., Trovati, F., &Scribante, A. (2018). Computerized casts for
orthodontic purpose using powder-free intraoral scanners: accuracy, execution time, and patient feedback. Biomed
Research International, 2018, 1-8. https://doi.org/10.1155/2018/4103232

Ting-shu, S. and Sun, J. (2014). Intraoral digital impression technique: a review. Journal of Prosthodontics, 24(4),
313-321. https://doi.org/10.1111/jopr.12218

Tyagi, R. (2024). Three-dimensional printing technology: patient-friendly and time-saving approach for space
management in an autistic child in covid-19 times. International Journal of Clinical Pediatric Dentistry, 16(S3),
$321-S326. https://doi.org/10.5005/jp-journals-10005-2702

Biller-Andorno, N., Ferrario, A., Jobges, S., Krones, T., Massini, F., Barth, P., ... & Krauthammer, M. (2021). Ai
support for ethical decision-making around resuscitation: proceed with care. Journal of Medical Ethics, 48(3), 175-
183. https://doi.org/10.1136/medethics-2020-106786

Kuemmerli, C., Rossler, F., Berchtold, C., Frey, M., Studier-Fischer, A., Cizmic, A., ... & Miiller, P. (2023).
Acrtificial intelligence in pancreatic surgery: current applications. Journal of Pancreatology, 6(2), 74-81.
https://doi.org/10.1097/jp9.0000000000000129

Mennella, C., Maniscalco, U., Pietro, G., & Esposito, M. (2023). The role of artificial intelligence in future
rehabilitation  services: a  systematic  literature  review. leee  Access, 11, 11024-11043.
https://doi.org/10.1109/access.2023.3236084

Olorunsogo, T. (2024). Ethical considerations in ai-enhanced medical decision support systems: a review. World
Journal of Advanced Engineering Technology and Sciences, 11(1), 329-336
https://doi.org/10.30574/wjaets.2024.11.1.0061

Ramirez, J. (2024). Ai in healthcare: revolutionizing patient care with predictive analytics and decision support
systems. JAIGS, 1(1), 31-37. https://doi.org/10.60087/jaigs.v1il.p37

Rolfes, V., Bittner, U., Gerhards, H., Kriissel, J., Fehm, T., Ranisch, R., ... &Fangerau, H. (2023). Artificial
intelligence in reproductive medicine — an ethical perspective. Geburtshilfe Und Frauenheilkunde, 83(01), 106-115.
https://doi.org/10.1055/a-1866-2792

Tan, H., Huang, E., Deng, X., Li, D., & Ouyang, S. (2021). Effects of minimally invasive and traditional surgeries
on the quality of life of children with congenital heart disease: a retrospective propensity score-matched study. BMC
Pediatrics, 21(1). https://doi.org/10.1186/s12887-021-02978-5

Agliati, D., Borba, P., Cruz, R., Brew, M., Moura, F., &Bavaresco, C. (2018). The effect of music on parameters of
fear, pain and anxiety during dental care: an integrative review. RevistaOdontoCiéncia, 33(1), 70.
https://doi.org/10.15448/1980-6523.2018.1.29240

2078



Latest Approaches to Minimally Invasive Pediatric Dentistry: AI-Assisted Diagnostics Techniques, Behaviors Management, Preventive Interventions,
Challenges and Limitations

Lopez-Fernandez, E. (2023). Implementation feasibility of animal-assisted therapy in a pediatric intensive care unit:
effectiveness on reduction of pain, fear, and anxiety. European Journal of Pediatrics, 183(2), 843-851.
https://doi.org/10.1007/s00431-023-05284-7

Shiferaw, A., Mola, S., Gashaw, A., &Sintayhu, A. (2022). Evidence-based practical guideline for procedural pain
management and sedation for burn pediatrics patients undergoing wound care procedures. Annals of Medicine and
Surgery, 83. https://doi.org/10.1016/j.amsu.2022.104756

Wantanakorn, P., Harintajinda, S., Chuthapisith, J., Anurathapan, U., &Rattanatamrong, P. (2018). A new mobile
application to reduce anxiety in pediatric patients before bone marrow aspiration procedures. Hospital Pediatrics,
8(10), 643-650. https://doi.org/10.1542/hpeds.2018-0073

Wong, C., Li, C., Chan, C., Choi, K., Chen, J., Yeung, M., ... & Chan, O. (2020). Virtual reality intervention
targeting pain and anxiety among pediatric cancer patients undergoing peripheral intravenous cannulation. Cancer
Nursing, 44(6), 435-442. https://doi.org/10.1097/ncc.0000000000000844

Zengin, M., Yayan, E., &Diken, M. (2021). The effects of a therapeutic play/play therapy program on the fear and
anxiety levels of hospitalized children after liver transplantation. Journal of Perianesthesia Nursing, 36(1), 81-85.
https://doi.org/10.1016/j.jopan.2020.07.006

Almahdy, A., AlShamrani, M., &Kathery, M. (2017). The concepts of minimally invasive dentistry and its impact
on clinical practice: a survey with a group of dentists in saudiarabia. International Journal of Medical Science and
Clinical Invention. https://doi.org/10.18535/ijmsci/v4il.21

Alnahwi, T., Alhamad, M., Majeed, A., & Nazir, M. (2018). Management preferences of deep caries in permanent
teeth among dentists in  saudiarabia.  European  Journal of  Dentistry, 12(02), 300-304.
https://doi.org/10.4103/ejd.ejd_397_17

Anwar, A., Kumar, R., Rao, V., Reddy, N., & Reshma, V. (2017). Evaluation of microhardness of residual dentin in
primary molars following caries removal with conventional and chemomechanical techniques: an in vitro study.
Journal of Pharmacy and Bioallied Sciences, 9(5), 166. https://doi.org/10.4103/jpbs.jpbs_148_17

Desai, H., Stewart, C., & Finer, Y. (2021). Minimally invasive therapies for the management of dental caries—a
literature review. Dentistry Journal, 9(12), 147. https://doi.org/10.3390/dj9120147

Garcia-Contreras, R., Vilchis, R., Contreras-Bulnes, R., Sakagami, H., Morales-Luckie, R., & Nakajima, H. (2014).
A comparative in vitro efficacy of conventional rotatory and chemomechanical caries removal: influence on
cariogenic flora, microhardness, and residual composition. Journal of Conservative Dentistry, 17(6), 536.
https://doi.org/10.4103/0972-0707.144588

Giacaman, R., Mufioz-Sandoval, C., Neuhaus, K., Fontana, M., &Chatas, R. (2018). Evidence-based strategies for
the minimally invasive treatment of carious lesions: review of the literature. Advances in Clinical and Experimental
Medicine, 27(7), 1009-1016. https://doi.org/10.17219/acem/77022

Pozos-Guillén, A., Molina, G., Soviero, V., Arthur, R., Chavarria-Bolafios, D., & Acevedo, A. (2021). Management
of dental caries lesions in latinamerican and caribbean countries. Brazilian Oral Research, 35(suppl 1).
https://doi.org/10.1590/1807-3107bor-2021.vol35.0055

Raveendran, A., Nagar, P., Urs, P, Janani, J., & Smitha, S. (2020). Comparing the efficacy of three minimally
invasive techniques on demineralized dentin in primary teeth and evaluating its residual dentin and microhardness
levels: an in vitro study. International Journal of Clinical Pediatric Dentistry, 13(6), 585-589.
https://doi.org/10.5005/jp-journals-10005-1815

Reddy, M., Shankar, A., Pentakota, V., Kolli, H., Ganta, H., & Katari, P. (2015). Efficacy of antimicrobial property
of two commercially available chemomechanical caries removal agents (carisolv and papacarie): an ex vivo study.
Journal of International Society of Preventive and Community Dentistry, 5(3), 183. https://doi.org/10.4103/2231-
0762.159955

Villat, C., Attal, J., Brulat, N., Decup, F., Doméjean, S., Dursun, E., ... &Grosgogeat, B. (2016). One-step partial or
complete caries removal and bonding with antibacterial or traditional self-etch adhesives: study protocol for a
randomized controlled trial. Trials, 17(1). https://doi.org/10.1186/s13063-016-1484-0

Arrow, P. and Forrest, H. (2020). Atraumatic restorative treatments improve child oral health-related quality of life:
a noninferiority randomized controlled trial. Community Dentistry and Oral Epidemiology, 48(4), 349-356.
https://doi.org/10.1111/cdoe.12539

Arrow, P., Piggott, S., Carter, S., McPhee, R., Atkinson, D., Mackean, T., ... & Jamieson, L. (2020). Atraumatic
restorative treatments in australian aboriginal communities: a cluster-randomized trial. JDR Clinical & Translational
Research, 6(4), 430-439. https://doi.org/10.1177/2380084420963949

Gomes, H., Silveira, A., Rodrigues, R., Martins, A., & Anabuki, A. (2022). Atraumatic restorative treatment as a
minimum invasive approach in pediatric dentistry - a literature review. Journal of Dental Health Oral Disorders and
Therapy, 13(3), 48-52. https://doi.org/10.15406/jdhodt.2022.13.00571

2079



Yahya Abdullah Jubran Maashi, ShrogAwid Matar Alharthi,Yahya Ali Moraya Sharahili, Jamelah Nasser A Alamrani, Areej Odah Alhawiti, Salwa
Sumaidan Salem Aljohani, Faizah Nasser A Alamrani, Rahaf Mohammed Saud Alshammari, Munif Marzouq Rasheed Albalawi, Faisal Salem Alatwi,
Khader Rasheed Al Balawi, Amro Ammar MAlsufyani, Ateyah Abdualkreem A Alharthi, Ibrahim Mohammed Dassan Alenazi, Yasir Magbul
Abdulmawla Almohammadi

Nguyen, T., Tonmukayakul, U., &Calache, H. (2021). Evaluation of an intervention to promote minimally invasive
dentistry (mid) in an australian community dental agency—a pilot study. International Journal of Dental Hygiene,
20(4), 627-634. https://doi.org/10.1111/idh.12523

RECH, A., OLBERTTZ, M., PAIVA, D., RIBEIRO, A., Gimenez, T., & Imparato, J. (2022). Aesthetic-functional
rehabilitation of deciduous anterior teeth without removal of carious tissue: series of clinical cases. Rgo -
RevistaGalcha De Odontologia, 70. https://doi.org/10.1590/1981-863720200005920200206

Rezende, K., Moraes, P., Oliveira, L., Thomaz, L., Junqueira, J., &Bdnecker, M. (2014). Cryosurgery as an effective
alternative for treatment of oral lesions in children. Brazilian Dental Journal, 25(4), 352-356
https://doi.org/10.1590/0103-6440201302254

Agrawal, R. (2023). Clinical implications of nanosciences in dentistry and periodontics: a narrative review. Cureus.
https://doi.org/10.7759/cureus.48593

Aldomyati, R. (2023). Dental stem cells and their applications in pediatric dentistry. International Journal of
Community Medicine and Public Health, 10(12), 5026-5030. https://doi.org/10.18203/2394-6040.ijcmph20233550
Chokkattu, J., Neeharika, S., &Rameshkrishnan, M. (2023). Applications of nanomaterials in dentistry: a review.
Journal  of International  Society of Preventive and Community Dentistry, 13(1), 32-41.
https://doi.org/10.4103/jispcd.jispcd_175 22

Dave, R. (2023). Scaling down for better periodontal health: the role of nanotechnology. Ip International Journal of
Periodontology and Implantology, 8(1), 56-58. https://doi.org/10.18231/j.ijpi.2023.011

Gallo, S., Pascadopoli, M., Pellegrini, M., Pulicari, F., Manfredini, M., Zampetti, P., ... &Scribante, A. (2022).
Latest findings of the regenerative materials application in periodontal and peri-implant surgery: a scoping review.
Bioengineering, 9(10), 594. https://doi.org/10.3390/bioengineering9100594

Giron, C., Mariel-Cardenas, J., Pierdant-Pérez, M., Hernandez-Sierra, J., Morales-Sanchez, J., & Ruiz, F. (2017).
Effectiveness of a combined silver nanoparticles/fluoride varnish in dental remineralization in children: in vivo
study. Superficies Y Vacio, 30(2), 21-24. https://doi.org/10.47566/2017_syv30_1-020021

Larsson, L., Decker, A., Nibali, L., Pilipchuk, S., Berglundh, T., & Giannobile, W. (2015). Regenerative medicine
for periodontal and peri-implant  diseases. Journal of Dental Research, 95(3), 255-266.
https://doi.org/10.1177/0022034515618887

Neel, E., Bozec, L., Pérez, R., Kim, H., & Knowles, J. (2015). Nanotechnology in dentistry: prevention, diagnosis,
and therapy. International Journal of Nanomedicine, 6371. https://doi.org/10.2147/ijn.s86033

Polini, A., Bai, H., &Tomsia, A. (2013). Dental applications of nanostructured bioactive glass and its composites.
Wiley Interdisciplinary Reviews Nanomedicine and Nanobiotechnology, 5(4), 399-410.
https://doi.org/10.1002/wnan.1224

Tatullo, M., Marrelli, B., Palmieri, F., Amantea, M., Nuzzolese, M., Valletta, R., ... & Vito, D. (2020). Promising
scaffold-free approaches in translational dentistry. International Journal of Environmental Research and Public
Health, 17(9), 3001. https://doi.org/10.3390/ijerph17093001

Zimta, A., Baru, O., Badea, M., &Buduru, S. (2019). The role of angiogenesis and pro-angiogenic exosomes in
regenerative dentistry. International Journal of Molecular Sciences, 20(2), 406
https://doi.org/10.3390/ijms20020406

2080



