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ABSTRACT
Background: Dental caries is a major health problem affecting children in all areas of the world. Less-invasive treatment 
modalities are gaining popularity to avoid the burden of more conventional treatments.

Aim: To provide a comprehensive and focused review of available evidence on non-invasive and minimally invasive caries 
management options in children.

Materials and Methods: Relevant scientific research papers were retrieved by searching numerous databases, including 
MEDLINE, EBASE, PubMed, and Cochrane Library. The search was conducted up to the end of December 2020 using both free 
text and controlled vocabulary (MeSH) terms. The following search terms were used “Non-Invasive Dentistry”, “Minimally 
Invasive Dentistry”, “Stepwise Caries Excavation”, “Selective Caries Excavation”, “Partial Caries Excavation”, “Fluoride 
Varnish”, “SDF”, ‘Pit and Fissure Sealant”, “Atraumatic Restorative Treatment”, ‘Resin Infiltration”, and “Hall Crowns”. Studies 
published in English language in the period between 2000 and 2020 were considered for review. Systematic reviews with 
meta-analysis references’ lists were searched manually for possible missed articles in the preliminary search. Studies in 
English, published in the period between 2000 and 2020 and investigating one or more of the non-invasive and minimally 
invasive carious management techniques in children in regard to its survival/success, cost-effectiveness, and acceptability 
were included.

Results: The preliminary search resulted in 225 articles with topics in the searched terms.  The Second filtering of the 
articles revealed 73 papers meeting the pre-specified criteria.

Conclusion: Success, cost-effectiveness, and acceptability of both non-invasive and minimally invasive treatments for 
children are supported by considerable evidence from randomized trials. Trials on broader scales and considering more 
than one aspect of caries management modalities in children will inform decision-making in pediatric dentistry.

Key words: Non-invasive dentistry, Minimally-invasive dentistry, Children, Caries, Management, Biological, Pediatric, Dentistry

Abbreviations: SDF: Silver Diamine Fluoride; NaF: Sodium fluoride varnish; FiCTION: Filling children’s teeth indicated 
or not?; HT: Hall Technique; PMC: Preformed Metal Crown; ART: Atraumatic Restorative Treatment; OHRQoL: Oral Health 
Related Quality of Life; mART: modified Atraumatic Restorative Treatment

HOW TO CITE THIS ARTICLE: Latifa Alhowaish, Non-invasive and Minimally Invasive Management of Carious Lesions in Children: A Scoping 
Review, J Res Med Dent Sci, 2021, 9(S1): 1-9.

Corresponding author: Latifa Alhowaish

e-mail: Lalhowaish@ksu.edu.sa

Received: 01/03/2021

Accepted: 1  /03/2021

INTRODUCTION

Dental caries is defined as a disease which requires 
the presence of biofilm and sugar, in an imbalanced 
ecological environment with frequent exposures to 
cariogenic attacks. This multifactorial disease remains 
very prevalent amongst children in diverse populations 
across the globe [1]. The management of children 
affected with dental caries is considered a challenge in 
the field of dentistry. The British dental journal published 
an interesting conference paper entitled (caring for 
children: little teeth, big challenges) [2]. In this paper 

the author had a critical statement focusing on the fact 
that in the current era, restoring carious children’s 
teeth remains a debatable and controversial issue [2]. 
The classical treatment for dental caries in children is 
mainly the so known “drill and fill” approach. The costs 
of this approach on both health systems economies 
and children’s dental tissues are very high [1]. Several 
previous and ongoing studies have compared the 
biological approach versus the traditional approach in 
managing carious lesions on different levels and aspects 
including longevity, behavior, acceptance, and costs [3-6].

One major national multi-center trial is the (FiCTION 
trial) that was conducted in the UK and their findings 
presented in 2020. This trial had very noteworthy 
outcomes. The three caries management approaches 
used in this trial were prevention only approach, 
traditional treatment in combination with prevention, 
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and biological treatment with prevention. The 
summarized conclusion of the trial is surprising to the 
pediatric dentistry community. There were no statistical 
or clinical differences in the three arms of the trial in 
terms of dental pain and/or infection episodes [6]. 

Minimally Invasive (MI) treatment can be defined as a 
conservative approach to control carious lesions with 
the aim of preserving as much as possible of dental 
tissues [7]. The MI techniques range over a spectrum of 
options starting with prevention of the caries process 
through management of caries disease process to the 
actual intervention in the resulting carious lesion using 
both surgical and non-surgical procedures [8]. In a 
detailed document of experts’ consensus statement, 
an excellent definition of various levels of invasiveness 
in the available carious lesions management options. 
Non-invasive, micro-invasive or minimally, and invasive 
strategies. The authors stated that all of the suggested 
caries categories can be managed in a minimally invasive 
manner [8]. 

The minimally invasive options of caries management 
are gaining popularity specifically in pediatric dentistry. 
The fact that this technique of management is less 
invasive when compared to conventional treatment, less 
costly, less time consuming, and maybe more appealing 
to children and easier to be accepted in pre cooperative 
and uncooperative groups of children, are the reasons 
behind the attention given lately to such techniques 
[4,9,10]. Agreement on terminology of carious tissue 
removal and management was published in 2016. The 
listed types of carious tissue removal are: Atraumatic 
Restorative Treatment (ART), fissure sealants (no 
tissue removal), Hall technique, prevention and non-
restorative cavity control, selective removal of carious 
tissue, stepwise removal of carious tissues, and finally 
the complete caries removal which is not under the 
umbrella of minimally invasive dentistry category [11]. 
Given the tremendous increase in interest toward as well 
as the debate on minimally invasive pediatric dentistry, 
the aim of the present review is to search and examine 
the available scientific evidence on the several suggested 
techniques used in pediatric dentistry.   

Research  uestion

What is the success, cost-effectiveness, and acceptability 
of different non-invasive and minimally-invasive carious 
lesion management techniques used on children?

Search Strategy
Relevant scientific research papers were retrieved by 
searching numerous databases, including MEDLINE, 
EMBASE, PubMed, and Cochrane Library. The search 
was conducted up to the end of December 2020 using 
both free text and controlled vocabulary (MeSH) terms. 
The following search terms were used “Non-Invasive 
Dentistry”, “Minimally Invasive Dentistry”, “Stepwise 
Caries Excavation”, “Selective Caries Excavation”, “Partial 

Caries Excavation”, “Fluoride Varnish”, “SDF”, ‘Pit and 
Fissure Sealant”, “Atraumatic Restorative Treatment”, 
‘Resin Infiltration”, and “Hall Crowns”. Studies published 
in English language in the period between 2000 and 2020 
were considered for review. Systematic reviews with 
meta-analysis references’ lists were searched manually 
for probable missed articles in the preliminary search. 
Studies in English, published in the period between 
2000 and 2020 and investigating one or more of the non-
invasive and minimally invasive carious management 
techniques in children in regard to its survival/success, 
cost-effectiveness, and acceptability were included.

DISCUSSION

The preliminary search resulted in 225 articles with 
topics in the searched terms. Second filtering of the 
articles revealed 73 papers meeting the pre-specified 
criteria.

Non and minimally invasive techniques with current 

scientific evidenceWhen an active but non-cavitated carious lesions 
are diagnosed, the clinician must first determine the 
caries-risk of the child and the extension of the disease. 
This is then followed by developing a patient-tailored 
preventive plan that focuses on arresting caries and 
prevention of progression [1,2]. The dentist can, and 
based on each individual case needs, choose one of the 
non-invasive techniques such as, fluoride vanish, SDF, 
resin infiltration, and pit and fissure sealants. Minimally-
invasive options might be required in cases of active 
cavitated lesions. The following section will discuss 
the evidence available for non-invasive and minimally-
invasive caries management techniques in pediatric 
dentistry.

Fluoride varnish
Fluoride varnishes are topical clinician-applied 
materials. It has been expansively used all over the 
world for more than three decades [12]. The caries-
inhibiting effects of fluoride varnish in both primary 
and permanent teeth have been proven in several trials 
[12]. Application of fluoride varnish is considered one of 
the non-invasive dental procedures that when applied 
regularly has the capability to prevent and/or arrest 
early childhood caries [13].

Recently, the advancement in fluoride products led 
to several comparisons between fluoride varnish 
(sodium fluoride), sliver nitrate and silver diamine 
fluoride. The effectiveness of the use of each separately 
or in combination has been a major area of fluorides 
research. The use of 5% NaF showed higher efficacy 
when combined with silver nitrate or silver diamine 
fluoride [14]. One in vitro study showed that both SDF 
solution and fluoride varnish demonstrate similar 
efficacy in preventing the demineralization and enamel 
loss of primary anterior teeth. The authors stated that 
no statistical or clinical significance between the two 
treatments could be detected in the studied sample [15]. 
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It has been shown in a randomized trial that over 30 
months, annual 38% SDF application was more effective 
than three-weekly application of 5% NaF varnish. The 
conclusion of this trial must be interpreted with caution. 
It is true that SDF arrested caries sooner than fluoride 
varnish, however at 30 months the caries arrest was 
similar in both groups [16]. Fluoride varnish remains an 
excellent modality of treatment to manage early caries 
lesion in children. Given the fact that SDF is not without 
drawbacks, it is the author’s opinion that fluoride varnish 
still has its uses in dentistry and distinct advantages.

Pit and fissure sealant is an extensively used technique 
to prevent occlusal pits and fissure caries and arrest the 
non-cavitated occlusal lesions [17]. Different materials 
have been introduced for the use as sealants and they are 
broadly categorized into either resin-based sealants and 
glass-ionomer sealants. The selection of which material 
to be used depends on the primary goal of placing the 
sealant and the level of cooperation by the child. Resin 
-based sealants has shown higher retention rates while 
glass-ionomer has the advantage of lower technique 
sensitivity and fluoride release [18]. This micro-invasive 
dental procedure is simple and widely accepted by 
young patients [19].

Additionally, it has been shown through systematic 
review that pit and fissure sealants are more effective 
in preventing and/or reversing caries process when 
compared to no intervention or intervention with 
fluoride varnish only [20].

On the other hand, a recent Cochrane review stated that 
when clinical trials comparing pit and fissure sealant 
to fluoride varnish efficiency, none of them is shown 
to be superior. The authors also reported that with low 
certainty, the combination of fluoride varnish and resin-
based sealants can give superior clinical effectiveness. 
Currently, 14 trials are going on which according to the 
review authors, will help determining which technique 
is better in preventing and arresting caries in occlusal 
surfaces of molars [21]. One study reported on the cost-
effectiveness of sealing primary molars. The authors 
reported that although sealing of primary molars versus 
non-sealing has a higher initial cost, however the future 
dental treatment needs for the non-sealing group is very 
high and thus they recommended the sealing of primary 
molars to minimize the need for future costly dental 
procedures [22].

Silver Diamine Fluoride (SDF)
Silver Diamine Fluoride is one of the non-invasive 
treatment modalities that is gaining considerable 
attention at the current time. SDF is an odourless and clear 
liquid that was originally indicated for hypersensitive 
teeth. The American Academy of Pediatric Dentistry 
has introduced a policy document and clinical practice 
guidelines on the use of SDF in children [14,23].

38% SDF is the formulation mostly studied and 
recommended for the purpose of caries arrest in children 

and special needs patients. The biannual use of 38% SDF 
has shown higher effectiveness when compared to 5% 
NaF varnish [23,24].

In the last two decades, a good number of clinical studies 
investigated the relatively new silver bullet (SDF) [24-
26]. The effects of SDF have been studied either alone 
or in comparison to other treatment modalities. One 
randomized trial compared the outcomes of SDF and 
ART in terms of oral health related quality of life in pre-
schoolers. The authors concluded that both SDF and 
ART equally and positively impacted the OHRQoL in the 
studied group of pre-schoolers [27].

Fluoride varnish is another treatment option that 
has been compared to 38% SDF in a clinical trial. The 
investigators reported higher effectiveness of 38% SDF 
in caries arrest compared to 5% NaF in high caries risk 
group of children in 12-months follow up when applied 
semi-annually [28]. Overall, 38% SDF when applied 
to arrest caries in primary teeth and when compared 
to fluoride varnish, placebo or no treatment is highly 
effective as reported in a meta-analysis [29].

A major drawback of the SDF is the unpleasant staining 
that is seen following its application [30]. Parents’ views 
on the aesthetic and black staining following the use of 
SDF have been investigated and many authors concluded 
that it was acceptable for most of caregivers. The simple 
and non-invasive nature of the treatment could be the 
reason of its acceptance; however, the black staining was 
a concern in some cases of anterior teeth treatment.

 It is important here to highlight that pre-treatment 
informed consent supplemented by photographs of how 
teeth might look like following treatment is very crucial 
[31,32]. 

It has been recently reported that the use of potassium 
iodide in combination with SDF has the advantage 
of minimizing the discolouration caused by SDF but 
unfortunately it has also reduced the caries arrest 
properties in the used silver diamine fluoride [33]. 

In addition to the anticaries effects of the SDF, it has 
been shown that it also contributes to reducing candida 
albicans adhesion to dentine and is therefore advocated 
to be used with the aim of inhibiting dental plaque 
caused by candida [34].

Dentists’ opinions were also investigated with regard to 
SDF. It was reported that, despite the surveyed dentists’ 
strong believes on the caries arresting potential of SDF 
and its practicality as well as cost-effectiveness, the 
discolouration drawback remains a major issue that 
needs to be resolved [35].

Cost-effectiveness is an important advantage of SDF. 
For any dental treatment modality, this feature has an 
influence on its acceptance among practitioners and 
patients. Providing SDF as a caries management strategy 
can reduce dental care expenditures by avoiding the 
costly caries treatments. The use of SDF might also 
minimize the need for the more invasive treatments that 
could require pharmacological management and general 
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anaesthesia in some cases. Given the many advantages 
of SDF, the use of 38% SDF should be considered by 
stakeholders and decision makers especially in high 
caries risk young children [36].

Silver Diamine Fluoride is one of the non-invasive 
treatment modalities that is gaining considerable 
attention at the current time. SDF is an odourless and clear 
liquid that was originally indicated for hypersensitive 
teeth. The American Academy of Pediatric Dentistry 
has introduced a policy document and clinical practice 
guidelines on the use of SDF in children [14,23].

38% SDF is the formulation mostly studied and 
recommended for the purpose of caries arrest in children 
and special needs patients. The biannual use of 38% SDF 
has shown higher effectiveness when compared to 5% 
NaF varnish [23,24].

In the last two decades, a good number of clinical studies 
investigated the relatively new silver bullet (SDF) [24-
26]. The effects of SDF have been studied either alone 
or in comparison to other treatment modalities. One 
randomized trial compared the outcomes of SDF and 
ART in terms of oral health related quality of life in pre-
schoolers. The authors concluded that both SDF and 
ART equally and positively impacted the OHRQoL in the 
studied group of pre-schoolers [27].

Fluoride varnish is another treatment option that 
has been compared to 38% SDF in a clinical trial. The 
investigators reported higher effectiveness of 38% SDF 
in caries arrest compared to 5% NaF in high caries risk 
group of children in 12-months follow up when applied 
semi-annually [28]. Overall, 38% SDF when applied 
to arrest caries in primary teeth and when compared 
to fluoride varnish, placebo or no treatment is highly 
effective as reported in a meta-analysis [29].

A major drawback of the SDF is the unpleasant staining 
that is seen following its application [30]. Parents’ views 
on the aesthetic and black staining following the use of 
SDF have been investigated and many authors concluded 
that it was acceptable for most of caregivers. The simple 
and non-invasive nature of the treatment could be the 
reason of its acceptance; however, the black staining 
was a concern in some cases of anterior teeth treatment. 
It is important here to highlight that pre-treatment 
informed consent supplemented by photographs of how 
teeth might look like following treatment is very crucial 
[31,32]. 

It has been recently reported that the use of potassium 
iodide in combination with SDF has the advantage 
of minimizing the discolouration caused by SDF but 
unfortunately it has also reduced the caries arrest 
properties in the used silver diamine fluoride [33]. 

In addition to the anticaries effects of the SDF, it has 
been shown that it also contributes to reducing candida 
albicans adhesion to dentine and is therefore advocated 
to be used with the aim of inhibiting dental plaque 
caused by candida [34]. Dentists’ opinions were also 
investigated with regard to SDF. It was reported that, 

despite the surveyed dentists’ strong believes on the 
caries arresting potential of SDF and its practicality as 
well as cost-effectiveness, the discolouration drawback 
remains a major issue that needs to be resolved [35].

Cost-effectiveness is an important advantage of SDF. 
For any dental treatment modality, this feature has an 
influence on its acceptance among practitioners and 
patients. Providing SDF as a caries management strategy 
can reduce dental care expenditures by avoiding the 
costly caries treatments. The use of SDF might also 
minimize the need for the more invasive treatments that 
could require pharmacological management and general 
anaesthesia in some cases. Given the many advantages 
of SDF, the use of 38% SDF should be considered by 
stakeholders and decision makers especially in high 
caries risk young children [36].

Resin infiltration

Resin infiltration is relatively a new innovative minimally 
invasive approach to manage the non-cavitated inter-
proximal carious lesion. It can be simply described as the 
use of low-viscosity resin to seal the lesions in a three-
dimensional manner [37].

A Cochrane review assessed the efficacy of resin 
infiltration as one of the micro-invasive techniques in 
interproximal lesions for both primary and permanent 
teeth. The included trials involved lesions that 
radiographically are limited to the dentine outer third. 
The review concluded that resin infiltration is supported 
by good evidence to suggest that they are more effective 
than prevention (fluoride application or advice to floss) 
in arresting non-cavitated proximal lesions [38].

A recent two-year randomized split mouth design trial 
showed that resin infiltrated inter-proximal lesions in 
primary molars had lower progression (54%) than the 
progression seen in the control non-infiltrated lesions 
(79%) [39].

In another clinical study, the researchers reported 
that children in their sample found resin infiltration as 
enjoyable and acceptable as fluoride varnish application 
which according to the authors is an additional positive 
point that can be added to its higher efficacy [40].

The aspect of cost-effectiveness of resin infiltration of 
primary molars has not been adequately investigated. 
Generally, the available evidence that looked at its 
radiographic caries progression arrest is encouraging. 
It is a good technique to be mastered and included in 
the minimally-invasive restorative choices in pediatric 
dentistry.

Atraumatic Restorative Treatment
The atraumatic restorative treatment has been known 
for many decades as a means for dental treatment for 
people living in remote areas with no access to structured 
dental clinics and electricity [41].  The ART has also 
been endorsed by the World Health Organization in 
1994 as a recognized approach for dental treatment 
in the underprivileged areas of the world [42,43]. The 
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technique requires no rotary instrumentation and relies 
only on hand excavation of soft carious lesion followed 
by glass ionomer cement restoration [41,44]. Later, the 
technique received some modification to reduce manual 
fatigue through using rotary high-speed handpieces in 
areas where access to dental units and electricity is not a 
problem and this is the modified ART (mART). The mART 
is also assumed to induce less patients’ discomfort [45].

Several clinical studies and trials examined the success 
of ART and mART in primary dentition [9,41,42,44-48]. 
High success rates (around 93%) have been reported 
in ART when used in cases of occlusal class I carious 
lesions. These success rates considerably drop to almost 
60% when it comes to multi-surface ART restoration 
[49,50].  The low success rates in class II ART have led 
researchers to further investigate other adhesive dental 
materials as well as different isolation options (rubber 
dam and cotton rolls) to improve the technique’s survival 
[41,44].  High viscosity glass ionomer cements class II 
ART shows better survival than regular glass ionomer 
cements. Additionally, their survival is comparable to 
conventional approach utilizing composite resins or 
amalgam in primary molars [44,51,52] The use of rubber 
dam did not improve the survival of ART restorations 
as compared to cotton roll solation approach and is 
therefore not advisable [41].

In a randomized trial that followed up the recruited 
sample for 4 years, ART showed excellent clinical outcome 
for early childhood caries in infants with age rang 18-36 
months [46].  When the class II ART is confronted against 
another minimally invasive treatment such as the Hall 
technique, its success is inferior to those reported with 
the use of Hall crowns [44]. From the reviewed studies, 
it became obvious that class I ART is highly successful 
while Hall crown is preferred when it comes to multi-
surface restorations. 

Cost-effectiveness is essential aspect to be considered 
when deciding which of the available treatment 
approaches to be used.  It has been shown that ART is 
cost-effective as it would help avoidance of the more 
expensive dental procedure such as sedation and general 
anaesthesia [4,53]. In another randomized clinical study, 
it was proven that ART is an efficient technique and 
would reduce the need for dental general anaesthesia 
in young children and thus reduce both the associated 
hazards and cost [3].

Furthermore, the oral health related quality of life has 
improved with the use of ART in school children [48]. 
Child patients present lower anxiety levels and low 
pain experience when treated using ART technique in 
comparison to conventional restorative procedures 
however, the difference was not statistically significant 
[54,55]. A meta-analysis had supported the above 
findings and concluded that ART does not significantly 
reduce the anxiety levels in pediatric dental patients 
[56].

To summarize, the literature has good evidence on both 
success rates and cost-effectiveness of class I occlusal 

restoration in pediatric patients. Other minimally 
invasive treatment options might be more successful 
when considering multi-surface carious lesions in 
children.

Hall Technique
In Scotland, UK, a novel technique of placing preformed 
metal crowns had started more than three decades ago. 
The novelty in the technique was that it is different 
than what is being practiced and taught as conventional 
crowns placements in pediatric dentistry. Dr. Norna Hall 
was a general dental practitioner who started using 
preformed metal crown in the 1980s differently on 
primary molars. No local anaesthetic is given and no 
tooth preparation is made. The dentist would choose 
the appropriate size of the PMC and cement it using 
glass ionomer cement through finger pressure or the 
patients’ biting force. Only while carrying out and audit, 
specialists noticed the technique being used by Dr. Norna 
Hall, which led them to further investigate the survival 
and clinical effectiveness of Hall crowns [57].

The main concept of Hall crowns is the use of Preformed 
Metal Crown (PMC) to seal over dental caries on 
primary molars and thus it is a minimally invasive and 
non-aerosol-generating treatment choice [58]. The 
online published manual on hall crowns states that 
teeth with no signs of irreversible pulpal involvement 
and with sufficient radiographic evidence of sound 
dentine separating the pulp from the carious lesion, 
can be crowned using this innovative technique [59]. In 
cases where tight inter-proximal contact might prevent 
sufficient seating of the PMC, placement of orthodontic 
separators is recommended for up to 5 days prior to the 
hall crown cementation [59].

The Hall technique has been widely studied over the 
last 20 years. Different aspects were looked at by 
investigators, namely its survival, cost, acceptability 
and any associated drawbacks such as occlusion 
discrepancies [4]. In a randomized parallel controlled 
clinical trial, Hall crowns showed very comparable 
outcomes to those obtained by standard PMCs. The 
authors concluded that in addition to its clinical 
effectiveness, the technique is simple, acceptable by 
caregivers and requires less time [44]. This trial had 
another significant finding indicating that Hall crowns 
have better clinical and radiographic outcomes when 
compared to atraumatic restorative treatment. Another 
5-year randomized controlled trial proved that when 
general dental practitioners are the treatment providers, 
Hall crowns outperform the standard direct restoration 
in primary molars [60]. In another well-designed study, 
the longevity of Hall crowns was better than that of the 
intra-coronal conventional restoration. Furthermore, 
signs and symptoms of pulpal pathology were less in the 
Hall technique group as reported by the trial team [61]. 
An interesting study in New Zealand looked at the 2-year 
clinical outcome of HT.

 The unique conclusion of this study is that Hall 
crowns can be as successful in the hand of therapist 
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when they get sufficient training [62].  A retrospective 
study investigated the outcomes of conventional 
dental treatment to the biological dental treatment 
(e.g., Hall crowns). The investigators concluded that 
both approached had equal success rates [5]. When 
performed in pediatric dentistry clinics, Hall crowns 
showed similar success to conventional PMCs however 
in a less invasive approach. In one study the investigators 
assessed the effect of modifying the Hall technique 
through the introduction of interproximal slicing prior 
to cementing a crown. The slicing technique did not 
have an influence on the success of the crown when 
compared to the standard Hall technique [63]. Several 
studies compared cost-effectiveness of Hall technique 
to other commonly used approaches [5,64,65] and all 
agreed that Hall crowns are very cost effective as they 
are retained longer and experience less complications 
at lower costs. In terms of Hall technique acceptability, 
both children and parents showed very high acceptance 
to this modality of treatment [66].

One of the most debatable aspects related to Hall crowns 
is the issue of possible occlusion discrepancy. It is 
claimed that the placement of PMCs without any tooth 
structure reduction will result in increased occlusal 
vertical dimension and negatively affects the muscular 
structures and can lead to Temporomandibular Disorders 
(TMD) [67,68].   A prospective clinical study found that 
any occlusion changes seen immediately following Hall 
crown placement will eventually normalize within 3-4 
weeks without any extrusion of teeth [67]. Additionally, 
the Hall approach did not result in any TMD signs or 
symptoms in the studied group [67].

Selective Caries Excavation (SE) and Stepwise Caries 
Excavation (SW)
Another minimally invasive procedures that can be used 
in dentistry for children, are selective or partial caries 
excavation and the stepwise caries excavation. When a 
deep dentine carious is faced in primary teeth with no 
evidence of pulpal inflammation, these procedures can be 
used with the aim of minimizing the need for extensive, 
avoidable dental procedures such as pulp therapy, 
extractions and space maintainers [69,70]. In selective/
partial caries removal, a layer of carious but firm dentine 
is left over the pulp and protected with a liner that is 
then covered by a final restorative material at the same 
treatment visit. It must be emphasized that lateral walls 
of the cavity must be completely caries-free [71,72]. The 
literature has reported success rates measured by caries 
arrestment of selective caries excavation reaching 78% 
in a 4-year follow-up in primary dentition [71].

On the other hand, stepwise excavation means the 
removal of carious tissue partially and over two steps. 
The caries is removed partially, soft carious dentin is left 
behind in deep parts of the pulpal floor to avoid pulp 
exposure.  This is followed by a temporary restoration 
that is kept for a period up to 12 months. The aim 
of this procedure is to inactivate the soft dentine to 
become hard and inactive. The tooth is then re-visited 

to remove the remanent caries in the pulpal floor and 
place a permanent restoration [73,74].  A randomized 
clinical trial has compared stepwise and selective caries 
removal in primary molars with a 2-year follow-up 
period. The authors reported that both techniques are 
equally successful, however, restorations in the selective 
excavation group showed more failures in respect to 
restoration integrity and staining. The researchers 
also highlighted that although stepwise excavation has 
similar success to selective excavation, it is less cost-
effective due to the fact that treatment is not completed 
in one treatment visit [75]. For a clinician to be able to 
accurately evaluate both techniques and decide which 
one possess higher chances of success in a specific case, 
randomized clinical trials with longer follow-up periods 
are needed.

CONCLUSION

A large body of scientific evidence exists to support non 
and minimally invasive caries management options in 
children. The advantages of these reviewed techniques 
cannot be overlooked especially when access to 
advanced pediatric dental care and costs of extensive 
treatments are barriers.

CONFLICT OF INTERESTS

The author declares no conflict of interests.

REFERENCES

1. Bagramian RA G-GF, Volpe AR. The global increase in 
dental caries. A pending   public health crisis. Am J Dent 
2009; 22:3-8. 

2. Rodd H. Caring for children: Little teeth, big challenges. 
British Dental Journal. 2012/04/01 2012; 212:347-348.

3. Arrow P, Forrest H. Atraumatic restorative treatments 
reduce the need for dental general anaesthesia: A non-
inferiority randomized,     controlled trial. Aust Dent J 
Jun 2020; 65:158-167. 

4. BaniHani A, Deery C, Toumba J, et al. Effectiveness, 
costs and patient acceptance of a conventional and a 
biological treatment approach for carious primary teeth 
in children. Caries Res 2019; 53:65-75. 

5. BaniHani A, Duggal M, Toumba J, et al. Outcomes of the 
conventional and biological treatment approaches for 
the management of caries in the primary dentition. Int J 
Paediatr Dent 2018; 28:12-22. 

6. Freeman R, Maguire A, Ryan V, et al. The fiction trial: 
Child oral health-related quality of life and dental anxiety 
across three treatment   strategies for managing caries 
in young children. Community Dent Oral Epidemiol 
2020; 48:328-337. 

7. Walsh LJ, Brostek AM. Minimum intervention dentistry 
principles and objectives. Aust Dent J  2013; 581:3-16.

8. Schwendicke F, Splieth C, Breschi L, et al. When to intervene 
in the caries process? An expert Delphi consensus 
statement. Clin Oral Investig    2019; 23:3691-3703.

Latifa Alhowaish 8

http://amjdent.com/Archive/2009/Bagramian - February 2009.pdf
http://amjdent.com/Archive/2009/Bagramian - February 2009.pdf
http://amjdent.com/Archive/2009/Bagramian - February 2009.pdf
https://www.nature.com/articles/sj.bdj.2012.266
https://www.nature.com/articles/sj.bdj.2012.266
https://onlinelibrary.wiley.com/doi/abs/10.1111/adj.12749
https://onlinelibrary.wiley.com/doi/abs/10.1111/adj.12749
https://onlinelibrary.wiley.com/doi/abs/10.1111/adj.12749
https://onlinelibrary.wiley.com/doi/abs/10.1111/adj.12749
https://pubmed.ncbi.nlm.nih.gov/29940580/
https://pubmed.ncbi.nlm.nih.gov/29940580/
https://pubmed.ncbi.nlm.nih.gov/29940580/
https://pubmed.ncbi.nlm.nih.gov/29940580/
https://onlinelibrary.wiley.com/doi/abs/10.1111/ipd.12314
https://onlinelibrary.wiley.com/doi/abs/10.1111/ipd.12314
https://onlinelibrary.wiley.com/doi/abs/10.1111/ipd.12314
https://onlinelibrary.wiley.com/doi/abs/10.1111/ipd.12314
https://onlinelibrary.wiley.com/doi/abs/10.1111/cdoe.12537
https://onlinelibrary.wiley.com/doi/abs/10.1111/cdoe.12537
https://onlinelibrary.wiley.com/doi/abs/10.1111/cdoe.12537
https://onlinelibrary.wiley.com/doi/abs/10.1111/cdoe.12537
https://onlinelibrary.wiley.com/doi/abs/10.1111/cdoe.12537
https://onlinelibrary.wiley.com/doi/full/10.1111/adj.12045
https://onlinelibrary.wiley.com/doi/full/10.1111/adj.12045
https://link.springer.com/article/10.1007/s00784-019-03058-w
https://link.springer.com/article/10.1007/s00784-019-03058-w
https://link.springer.com/article/10.1007/s00784-019-03058-w


Alhowaish L.

J Res Med Dent Sci, 2021, 9 (S1):1-

6Journal of Research in Medical and Dental Science | Vol. 9 | Issue S1 | February 2021

9. Lim SN, Kiang L, Manohara R, et al. Interim therapeutic 
restoration approach versus treatment under general 
anaesthesia approach. Int J Paediatr Dent.  2017; 
27:551-557. 

10. Santamaría RM, Innes NPT, Machiulskiene V, et al. 
Alternative caries management options for primary 
molars: 2.5-year outcomes of a randomised clinical trial. 
Caries Res 2018; 51:605-614.

11. Innes NP, Frencken JE, Bjørndal L, et al. Managing carious 
lesions: consensus recommendations on terminology. 
Adv Dent Res. May 2016; 28:49-57. 

12. Marinho VCC, Worthington HV, Walsh T, et al. Fluoride 
varnishes for preventing dental caries in children and 
adolescents. Cochrane Database of Systematic Reviews  
2013; 7. 

13. Schmoeckel J, Gorseta K, Splieth CH, et al. How to 
intervene in the caries process: early childhood caries - 
a systematic review. Caries Res 2020; 54:102-112. 

14. Gao SS, Duangthip D, Wong MCM, et al. Randomized trial 
of silver nitrate with sodium fluoride for caries arrest. 
JDR Clin Trans Res Apr 2019; 4:126-134.

15. Mohammadi N, Farahmand Far MH. Effect of fluoridated 
varnish and silver diamine fluoride on enamel 
demineralization resistance in primary dentition.  J 
Indian Soc Pedod Prev Dent 2018; 36:257-261.

16. Duangthip D, Wong MCM, Chu CH, et al. Caries arrest 
by topical fluorides in preschool children: 30-month 
results. J Dent  2018; 70:74-79.

17. Tagliaferro EP, Pardi V, Ambrosano GM, et al. Occlusal 
caries prevention in high and low risk schoolchildren. A 
clinical trial. Am J Dent 2011; 24:109-14. 

18. Colombo S, Beretta M. Dental Sealants Part 3: Which 
material? Efficiency and effectiveness. Eur J Paediatr 
Dent 2018; 19:247-249.

19. Morgan-Trimmer S, Chadwick BL, Hutchings S, et al. 
The acceptability of fluoride varnish and fissure sealant 
treatments in children aged 6-9 delivered in a school 
setting. Community Dent Health 2019; 36:33-38.

20. Wright JT, Tampi MP, Graham L, et al. Sealants for 
preventing and arresting pit-and-fissure occlusal 
caries in primary and permanent molars: A systematic 
review of randomized controlled trials-a report of 
the American Dental Association and the American 
Academy of Pediatric Dentistry. J Am Dent Assoc 2016; 
147:631-645.e18.

21. Kashbour W, Gupta P, Worthington HV, et al. Pit and 
fissure sealants versus fluoride varnishes for preventing 
dental decay in the permanent teeth of children 
and adolescents. Cochrane Database Syst Rev 2020; 
11:Cd003067.

22. Chi DL, van der Goes DN, Ney JP. Cost-effectiveness of 
pit-and-fissure sealants on primary molars in Medicaid-
enrolled children. Am J Public Health 2014; 104:555-61.

23. Crystal YO, Marghalani AA, Ureles SD, et al. Use of silver 
diamine fluoride for dental caries management in 
children and adolescents, including those with special 
health care needs. Pediatr Dent 2017; 39:135-145. 

24. Davis MR, Johnson EL, Meyer BD. Comparing dental 
treatment between children receiving and not receiving 
silver diamine fluoride. J Clin Pediatr Dent 2020; 
44:400-406.

25. Fung MHT, Duangthip D, Wong MCM, et al. Randomized 
clinical trial of 12% and 38% silver diamine fluoride 
treatment. J Dent Res. Feb 2018; 97:171-178.

26. Gao SS, Zhao IS, Hiraishi N, et al. Clinical trials of silver 
diamine fluoride in arresting caries among children: a 
systematic review. JDR Clin Trans Res  2016; 1:201-210.

27. Rodrigues GF, Costa TDC, Massa GDS, et al. Oral health-
related quality of life in preschool children after 
silver diamine fluoride versus atraumatic restorative 
treatments. Pediatr Dent  2020; 42:373-379. 

28. Mabangkhru S, Duangthip D, Chu CH, et al. A randomized 
clinical trial to arrest dentin caries in young children 
using silver diamine fluoride. J Dent  2020; 99:103375.

29. Oliveira BH, Rajendra A, Veitz-Keenan A, et al. The 
effect of silver diamine fluoride in preventing caries in 
the primary dentition: a systematic review and meta-
analysis. Caries Res 2019; 53:24-32. 

30. Huebner CE, Milgrom P, Cunha-Cruz J, et al. Parents' 
satisfaction with silver diamine fluoride treatment of 
carious lesions in children. J Dent Child (Chic)  2020; 
87:4-11. 

31. Kumar A, Cernigliaro D, Northridge ME, et al. A survey 
of caregiver acculturation and acceptance of silver 
diamine fluoride treatment for childhood caries. BMC 
Oral Health 2019; 19:228.

32. Kyoon-Achan G, Schroth RJ, Martin H, et al. Parents' views 
on silver diamine fluoride to manage early childhood 
caries. JDR Clin Trans Res 2020; 2380084420930690.

33. Turton B, Horn R, Durward C. Caries arrest and lesion 
appearance using two different silver fluoride therapies 
on primary teeth with and without potassium iodide: 
12-month results. Clin Exp Dent Res 2020.

34. Alshahni RZ, Alshahni MM, Hiraishi N, et al. Effect of silver 
diamine fluoride on reducing candida albicans adhesion 
on dentine. Mycopathologia 2020; 185:691-698.

35. Seifo N, Cassie H, Radford J, et al. "It's really no more 
difficult than putting on fluoride varnish": a qualitative 
exploration of dental professionals' views of silver 
diamine fluoride for the management of carious lesions 
in children. BMC Oral Health. 2020; 20:257.

36. Johhnson B, Serban N, Griffin PM, et al. Projecting the 
economic impact of silver diamine fluoride on caries 
treatment expenditures and outcomes in young U.S. 
children. J Public Health Dent 2019; 79:215-221.

37. Meyer-Lueckel H, Bitter K, Paris S. Randomized 
controlled clinical trial on proximal caries infiltration: 
three-year follow-up. Caries Res  2012; 46:544-548.

38. Dorri M, Dunne SM, Walsh T, et al. Micro-invasive 
interventions for managing proximal dental decay in 
primary and permanent teeth. Cochrane Database Syst 
Rev 2015; (11):Cd010431.

39. Sarti CS, Vizzotto MB, Filgueiras LV et al. Two-year 

Latifa Alhowaish 8

https://onlinelibrary.wiley.com/doi/abs/10.1111/ipd.12296
https://onlinelibrary.wiley.com/doi/abs/10.1111/ipd.12296
https://onlinelibrary.wiley.com/doi/abs/10.1111/ipd.12296
https://onlinelibrary.wiley.com/doi/abs/10.1111/ipd.12296
https://discovery.dundee.ac.uk/en/publications/alternative-caries-management-options-for-primary-molars-25-yr-ou
https://discovery.dundee.ac.uk/en/publications/alternative-caries-management-options-for-primary-molars-25-yr-ou
https://discovery.dundee.ac.uk/en/publications/alternative-caries-management-options-for-primary-molars-25-yr-ou
https://discovery.dundee.ac.uk/en/publications/alternative-caries-management-options-for-primary-molars-25-yr-ou
https://journals.sagepub.com/doi/10.1177/0022034516639276
https://journals.sagepub.com/doi/10.1177/0022034516639276
https://journals.sagepub.com/doi/10.1177/0022034516639276
https://www.cochranelibrary.com/cdsr/doi/10.1002/14651858.CD002279.pub2/full
https://www.cochranelibrary.com/cdsr/doi/10.1002/14651858.CD002279.pub2/full
https://www.cochranelibrary.com/cdsr/doi/10.1002/14651858.CD002279.pub2/full
https://www.cochranelibrary.com/cdsr/doi/10.1002/14651858.CD002279.pub2/full
https://journals.sagepub.com/doi/10.1177/2380084418818482
https://journals.sagepub.com/doi/10.1177/2380084418818482
https://journals.sagepub.com/doi/10.1177/2380084418818482
https://www.jisppd.com/article.asp?issn=0970-4388;year=2018;volume=36;issue=3;spage=257;epage=261;aulast=Mohammadi
https://www.jisppd.com/article.asp?issn=0970-4388;year=2018;volume=36;issue=3;spage=257;epage=261;aulast=Mohammadi
https://www.jisppd.com/article.asp?issn=0970-4388;year=2018;volume=36;issue=3;spage=257;epage=261;aulast=Mohammadi
https://www.jisppd.com/article.asp?issn=0970-4388;year=2018;volume=36;issue=3;spage=257;epage=261;aulast=Mohammadi
https://www.semanticscholar.org/paper/Occlusal-caries-prevention-in-high-and-low-risk-A-Tagliaferro-Pardi/ba3076fc664445dfc2fca03c838904d67364e192
https://www.semanticscholar.org/paper/Occlusal-caries-prevention-in-high-and-low-risk-A-Tagliaferro-Pardi/ba3076fc664445dfc2fca03c838904d67364e192
https://www.semanticscholar.org/paper/Occlusal-caries-prevention-in-high-and-low-risk-A-Tagliaferro-Pardi/ba3076fc664445dfc2fca03c838904d67364e192
https://ejpd.eu/EJPD_2018_19_3_15.pdf
https://ejpd.eu/EJPD_2018_19_3_15.pdf
https://ejpd.eu/EJPD_2018_19_3_15.pdf
https://jada.ada.org/article/S0002-8177(16)30475-5/fulltext
https://jada.ada.org/article/S0002-8177(16)30475-5/fulltext
https://jada.ada.org/article/S0002-8177(16)30475-5/fulltext
https://jada.ada.org/article/S0002-8177(16)30475-5/fulltext
https://jada.ada.org/article/S0002-8177(16)30475-5/fulltext
https://jada.ada.org/article/S0002-8177(16)30475-5/fulltext
https://jada.ada.org/article/S0002-8177(16)30475-5/fulltext
https://www.cochranelibrary.com/cdsr/doi/10.1002/14651858.CD003067.pub5/full
https://www.cochranelibrary.com/cdsr/doi/10.1002/14651858.CD003067.pub5/full
https://www.cochranelibrary.com/cdsr/doi/10.1002/14651858.CD003067.pub5/full
https://www.cochranelibrary.com/cdsr/doi/10.1002/14651858.CD003067.pub5/full
https://www.cochranelibrary.com/cdsr/doi/10.1002/14651858.CD003067.pub5/full
https://ajph.aphapublications.org/doi/10.2105/AJPH.2013.301588
https://ajph.aphapublications.org/doi/10.2105/AJPH.2013.301588
https://ajph.aphapublications.org/doi/10.2105/AJPH.2013.301588
https://www.aapd.org/media/policies_guidelines/g_sdf.pdf
https://www.aapd.org/media/policies_guidelines/g_sdf.pdf
https://www.aapd.org/media/policies_guidelines/g_sdf.pdf
https://www.aapd.org/media/policies_guidelines/g_sdf.pdf
https://meridian.allenpress.com/jcpd/article-abstract/44/6/423/450413/Measurement-of-the-Maximum-Occlusal-Bite-Force-and?redirectedFrom=fulltext
https://meridian.allenpress.com/jcpd/article-abstract/44/6/423/450413/Measurement-of-the-Maximum-Occlusal-Bite-Force-and?redirectedFrom=fulltext
https://meridian.allenpress.com/jcpd/article-abstract/44/6/423/450413/Measurement-of-the-Maximum-Occlusal-Bite-Force-and?redirectedFrom=fulltext
https://meridian.allenpress.com/jcpd/article-abstract/44/6/423/450413/Measurement-of-the-Maximum-Occlusal-Bite-Force-and?redirectedFrom=fulltext
https://journals.sagepub.com/doi/10.1177/0022034517728496
https://journals.sagepub.com/doi/10.1177/0022034517728496
https://journals.sagepub.com/doi/10.1177/0022034517728496
https://journals.sagepub.com/doi/10.1177/2380084416661474
https://journals.sagepub.com/doi/10.1177/2380084416661474
https://journals.sagepub.com/doi/10.1177/2380084416661474
https://www.sciencedirect.com/science/article/abs/pii/S0300571218305682?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0300571218305682?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0300571218305682?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0300571218305682?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0300571220301214
https://www.sciencedirect.com/science/article/abs/pii/S0300571220301214
https://www.sciencedirect.com/science/article/abs/pii/S0300571220301214
https://europepmc.org/article/med/32151304
https://europepmc.org/article/med/32151304
https://europepmc.org/article/med/32151304
https://europepmc.org/article/med/32151304
https://bmcoralhealth.biomedcentral.com/articles/10.1186/s12903-019-0915-1
https://bmcoralhealth.biomedcentral.com/articles/10.1186/s12903-019-0915-1
https://bmcoralhealth.biomedcentral.com/articles/10.1186/s12903-019-0915-1
https://bmcoralhealth.biomedcentral.com/articles/10.1186/s12903-019-0915-1
https://journals.sagepub.com/doi/abs/10.1177/2380084420930690
https://journals.sagepub.com/doi/abs/10.1177/2380084420930690
https://journals.sagepub.com/doi/abs/10.1177/2380084420930690
https://onlinelibrary.wiley.com/doi/full/10.1002/cre2.367
https://onlinelibrary.wiley.com/doi/full/10.1002/cre2.367
https://onlinelibrary.wiley.com/doi/full/10.1002/cre2.367
https://onlinelibrary.wiley.com/doi/full/10.1002/cre2.367
https://doi.org/10.1007/s11046-020-00473-6
https://doi.org/10.1007/s11046-020-00473-6
https://doi.org/10.1007/s11046-020-00473-6
https://bmcoralhealth.biomedcentral.com/articles/10.1186/s12903-020-01243-y
https://bmcoralhealth.biomedcentral.com/articles/10.1186/s12903-020-01243-y
https://bmcoralhealth.biomedcentral.com/articles/10.1186/s12903-020-01243-y
https://bmcoralhealth.biomedcentral.com/articles/10.1186/s12903-020-01243-y
https://bmcoralhealth.biomedcentral.com/articles/10.1186/s12903-020-01243-y
https://onlinelibrary.wiley.com/doi/abs/10.1111/jphd.12312
https://onlinelibrary.wiley.com/doi/abs/10.1111/jphd.12312
https://onlinelibrary.wiley.com/doi/abs/10.1111/jphd.12312
https://onlinelibrary.wiley.com/doi/abs/10.1111/jphd.12312
https://europepmc.org/article/MED/22922306
https://europepmc.org/article/MED/22922306
https://europepmc.org/article/MED/22922306
https://www.cochranelibrary.com/cdsr/doi/10.1002/14651858.CD010431.pub2/full
https://www.cochranelibrary.com/cdsr/doi/10.1002/14651858.CD010431.pub2/full
https://www.cochranelibrary.com/cdsr/doi/10.1002/14651858.CD010431.pub2/full
https://www.cochranelibrary.com/cdsr/doi/10.1002/14651858.CD010431.pub2/full


Alhowaish L.
J Res Med Dent Sci, 2021, 9 (S1):1-

7Journal of Research in Medical and Dental Science | Vol. 9 | Issue S1 | February 2021

split-mouth randomized controlled clinical trial on the 
progression of proximal carious lesions on primary 
molars after resin infiltration. Pediatr Dent 2020; 
42:110-115. 

40. Foster Page LA, Beckett D, Ahmadi R, et al. Resin 
infiltration of caries in primary molars in a community 
setting: 24-month randomized controlled trial findings. 
JDR Clin Trans Res 2017; 2:287-294.

41. Carvalho TS, Sampaio FC, Diniz A, et al. Two years 
survival rate of Class II ART restorations in primary 
molars using two ways to avoid saliva contamination. 
Int J Paediatr Dent 2010; 20:419-25.

42. de França Lopes CMC, Schubert EW, Martins AS, et al. 
Randomized clinical trial of art class ii restorations 
using two glass ionomer cements: one-year follow-up. 
Pediatr Dent 2018; 40:98-104. 

43. Tedesco TK, Calvo AF, Lenzi TL, et al. ART is an alternative 
for restoring occlusoproximal cavities in primary teeth - 
evidence from an updated systematic review and meta-
analysis. Int J Paediatr Dent 2017; 27:201-209.

44. Ebrahimi M, Shirazi AS, Afshari E. Success and behavior 
during atraumatic restorative treatment, the hall 
technique, and the stainless steel crown technique for 
primary molar teeth. Pediatr Dent 2020; 42:187-192. 

45. Santamaria RM, Innes NP, Machiulskiene V, et al. 
Caries management strategies for primary molars: 
1-yr randomized control trial results. J Dent Res 2014; 
93:1062-9.

46. Faustino-Silva DD, Figueiredo MC. (ART) Atraumatic 
restorative treatment in early childhood caries in 
babies: 4 years of randomized clinical trial. Clin Oral 
Investig 2019; 23:3721-3729.

47. Luengas-Quintero E, Frencken JE, Muñúzuri-Hernández 
JA, et al. The (ART) Atraumatic restorative treatment 
strategy in Mexico: two-years follow up of ART sealants 
and restorations. BMC Oral Health 2013; 13:42.

48. Paula JS, Tôrres LH, Ambrosano GM, et al. Association 
between oral health-related quality of life and 
atraumatic restorative treatment in school children: an 
exploratory study. Indian J Dent Res 2012; 23:738-41.

49. de Amorim RG, Frencken JE, Raggio DP, et al. Survival 
percentages of atraumatic restorative treatment (ART) 
restorations and sealants in posterior teeth: an updated 
systematic review and meta-analysis. Clin Oral Investig 
2018; 22:2703-2725.

50. de Amorim RG, Leal SC, Frencken JE. Survival of 
(ART) Atraumatic restorative treatment sealants and 
restorations: a meta-analysis. Clin Oral Investig 2012; 
16:429-41.

51. Raggio DP, Hesse D, Lenzi TL, et al. Is Atraumatic 
restorative treatment an option for restoring 
occlusoproximal caries lesions in primary teeth? A 
systematic review and meta-analysis. Int J Paediatr Dent 
2013; 23:435-43.

52. Olegário IC, Hesse D, Bönecker M, et al. Effectiveness of 
conventional treatment using bulk-fill composite resin 
versus  atraumatic restorative treatments in primary 

and permanent dentition: a pragmatic randomized 
clinical trial. BMC Oral Health 2016; 17:34.

53. Tonmukayakul U, Arrow P. Cost-effectiveness analysis of 
the atraumatic restorative treatment-based approach to 
managing early childhood caries. Community Dent Oral 
Epidemiol 2017; 45:92-100.

54. Mickenautsch S, Frencken JE, van't HM. Atraumatic 
restorative treatment and dental anxiety in outpatients 
attending public oral health clinics in South Africa. J 
Public Health Dent  Summer 2007; 67:179-84.

55. de Menezes Abreu DM, Leal SC, Mulder J, et al. Pain 
experience after conventional, atraumatic, and 
ultraconservative restorative treatments in 6- to 7-yr-
old children. Eur J Oral Sci 2011; 119:163-8.

56. Simon AK, Bhumika TV, Nair NS. Does atraumatic 
restorative treatment reduce dental anxiety in children? 
A systematic review and meta-analysis. Eur J Dent 2015; 
9:304-309.

57. Innes NP, Stirrups DR, Evans DJ, et al. A novel technique 
using preformed metal crowns for managing carious 
primary molars in general practice - a retrospective 
analysis. Br Dent J 2006; 200:451-4; discussion 444. 

58. Ludwig KH, Fontana M, Vinson LA, et al. The success of 
stainless steel crowns placed with the Hall technique: a 
retrospective study. J Am Dent Assoc 2014; 145:1248-53.

59. I nnes N, Evans D, Keightley A, et al. The Hall Technique 
Guide V4. 2015.

60. Innes N, Stewart M, Souster G, et al. The Hall Technique; 
retrospective case-note follow-up of 5-year RCT. Br Dent 
J 2015; 219:395-400.

61. Innes NP, Evans DJ, Stirrups DR. The Hall Technique; a 
randomized controlled clinical trial of a novel method 
of managing carious primary molars in general dental 
practice: acceptability of the technique and outcomes at 
23 months. BMC Oral Health 2007; 7:18.

62. Boyd DH, Page LF, Thomson WM. The Hall Technique 
and conventional restorative treatment in New Zealand 
children's primary oral health care - clinical outcomes at 
two years. Int J Paediatr Dent 2018; 28:180-188.

63. Midani R, Splieth CH, Mustafa Ali M, et al. Success rates 
of preformed metal crowns placed with the modified 
and standard hall technique in a paediatric dentistry 
setting. Int J Paediatr Dent  2019; 29:550-556.

64. Schwendicke F, Krois J, Robertson M, et al. Cost-
effectiveness of the hall technique in a randomized trial. 
J Dent Res  2019; 98:61-67.

65. Elamin F, Abdelazeem N, Salah I, et al. A randomized 
clinical trial comparing Hall vs. conventional technique 
in placing preformed metal crowns from Sudan. PLoS 
One  2019; 14:e0217740.

66. Page LA, Boyd DH, Davidson SE, et al. Acceptability of 
the Hall Technique to parents and children. N Z Dent J  
2014; 110:12-7. 

67. Joseph RM, Rao AP, Srikant N, et al. Evaluation of changes 
in the occlusion and occlusal vertical dimension in 
children following the placement of preformed metal 

Latifa Alhowaish 8

file:///\\cpu-0348\E\Shyamala\Saudi arabia Regarding Q1\Saudi arabia article 2\10.1177\2380084417699400
file:///\\cpu-0348\E\Shyamala\Saudi arabia Regarding Q1\Saudi arabia article 2\10.1177\2380084417699400
file:///\\cpu-0348\E\Shyamala\Saudi arabia Regarding Q1\Saudi arabia article 2\10.1177\2380084417699400
file:///\\cpu-0348\E\Shyamala\Saudi arabia Regarding Q1\Saudi arabia article 2\10.1177\2380084417699400
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1365-263X.2010.01060.x
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1365-263X.2010.01060.x
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1365-263X.2010.01060.x
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1365-263X.2010.01060.x
https://europepmc.org/article/med/29663908
https://europepmc.org/article/med/29663908
https://europepmc.org/article/med/29663908
https://europepmc.org/article/med/29663908
https://onlinelibrary.wiley.com/doi/abs/10.1111/ipd.12252
https://onlinelibrary.wiley.com/doi/abs/10.1111/ipd.12252
https://onlinelibrary.wiley.com/doi/abs/10.1111/ipd.12252
https://onlinelibrary.wiley.com/doi/abs/10.1111/ipd.12252
https://www.cochranelibrary.com/central/doi/10.1002/central/CN-02123817/full?highlightAbstract=success%7Catraumat%7Cbehaviour%7Catraumatic%7Cduring%7Cdure%7Cbehavior
https://www.cochranelibrary.com/central/doi/10.1002/central/CN-02123817/full?highlightAbstract=success%7Catraumat%7Cbehaviour%7Catraumatic%7Cduring%7Cdure%7Cbehavior
https://www.cochranelibrary.com/central/doi/10.1002/central/CN-02123817/full?highlightAbstract=success%7Catraumat%7Cbehaviour%7Catraumatic%7Cduring%7Cdure%7Cbehavior
https://www.cochranelibrary.com/central/doi/10.1002/central/CN-02123817/full?highlightAbstract=success%7Catraumat%7Cbehaviour%7Catraumatic%7Cduring%7Cdure%7Cbehavior
https://journals.sagepub.com/doi/10.1177/0022034514550717
https://journals.sagepub.com/doi/10.1177/0022034514550717
https://journals.sagepub.com/doi/10.1177/0022034514550717
https://journals.sagepub.com/doi/10.1177/0022034514550717
https://link.springer.com/article/10.1007%2Fs00784-019-02800-8
https://link.springer.com/article/10.1007%2Fs00784-019-02800-8
https://link.springer.com/article/10.1007%2Fs00784-019-02800-8
https://link.springer.com/article/10.1007%2Fs00784-019-02800-8
https://bmcoralhealth.biomedcentral.com/articles/10.1186/1472-6831-13-42
https://bmcoralhealth.biomedcentral.com/articles/10.1186/1472-6831-13-42
https://bmcoralhealth.biomedcentral.com/articles/10.1186/1472-6831-13-42
https://bmcoralhealth.biomedcentral.com/articles/10.1186/1472-6831-13-42
https://www.ijdr.in/article.asp?issn=0970-9290;year=2012;volume=23;issue=6;spage=738;epage=741;aulast=Paula
https://www.ijdr.in/article.asp?issn=0970-9290;year=2012;volume=23;issue=6;spage=738;epage=741;aulast=Paula
https://www.ijdr.in/article.asp?issn=0970-9290;year=2012;volume=23;issue=6;spage=738;epage=741;aulast=Paula
https://www.ijdr.in/article.asp?issn=0970-9290;year=2012;volume=23;issue=6;spage=738;epage=741;aulast=Paula
https://link.springer.com/article/10.1007%2Fs00784-018-2625-5
https://link.springer.com/article/10.1007%2Fs00784-018-2625-5
https://link.springer.com/article/10.1007%2Fs00784-018-2625-5
https://link.springer.com/article/10.1007%2Fs00784-018-2625-5
https://link.springer.com/article/10.1007%2Fs00784-018-2625-5
https://link.springer.com/article/10.1007/s00784-011-0513-3
https://link.springer.com/article/10.1007/s00784-011-0513-3
https://link.springer.com/article/10.1007/s00784-011-0513-3
https://link.springer.com/article/10.1007/s00784-011-0513-3
https://onlinelibrary.wiley.com/doi/abs/10.1111/ipd.12013
https://onlinelibrary.wiley.com/doi/abs/10.1111/ipd.12013
https://onlinelibrary.wiley.com/doi/abs/10.1111/ipd.12013
https://onlinelibrary.wiley.com/doi/abs/10.1111/ipd.12013
https://onlinelibrary.wiley.com/doi/abs/10.1111/ipd.12013
https://bmcoralhealth.biomedcentral.com/articles/10.1186/s12903-016-0260-6
https://bmcoralhealth.biomedcentral.com/articles/10.1186/s12903-016-0260-6
https://bmcoralhealth.biomedcentral.com/articles/10.1186/s12903-016-0260-6
https://bmcoralhealth.biomedcentral.com/articles/10.1186/s12903-016-0260-6
https://bmcoralhealth.biomedcentral.com/articles/10.1186/s12903-016-0260-6
https://onlinelibrary.wiley.com/doi/abs/10.1111/cdoe.12265
https://onlinelibrary.wiley.com/doi/abs/10.1111/cdoe.12265
https://onlinelibrary.wiley.com/doi/abs/10.1111/cdoe.12265
https://onlinelibrary.wiley.com/doi/abs/10.1111/cdoe.12265
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1752-7325.2007.00017.x
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1752-7325.2007.00017.x
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1752-7325.2007.00017.x
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1752-7325.2007.00017.x
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1600-0722.2011.00806.x
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1600-0722.2011.00806.x
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1600-0722.2011.00806.x
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1600-0722.2011.00806.x
https://www.thieme-connect.de/products/ejournals/abstract/10.4103/1305-7456.156841
https://www.thieme-connect.de/products/ejournals/abstract/10.4103/1305-7456.156841
https://www.thieme-connect.de/products/ejournals/abstract/10.4103/1305-7456.156841
https://www.thieme-connect.de/products/ejournals/abstract/10.4103/1305-7456.156841
https://www.nature.com/articles/4813466
https://www.nature.com/articles/4813466
https://www.nature.com/articles/4813466
https://www.nature.com/articles/4813466
https://jada.ada.org/article/S0002-8177(14)60297-X/fulltext
https://jada.ada.org/article/S0002-8177(14)60297-X/fulltext
https://jada.ada.org/article/S0002-8177(14)60297-X/fulltext
https://upload.wikimedia.org/wikipedia/commons/9/91/HallTechGuide_V4.pdf
https://upload.wikimedia.org/wikipedia/commons/9/91/HallTechGuide_V4.pdf
https://www.nature.com/articles/sj.bdj.2015.816
https://www.nature.com/articles/sj.bdj.2015.816
https://www.nature.com/articles/sj.bdj.2015.816
https://bmcoralhealth.biomedcentral.com/articles/10.1186/1472-6831-7-18
https://bmcoralhealth.biomedcentral.com/articles/10.1186/1472-6831-7-18
https://bmcoralhealth.biomedcentral.com/articles/10.1186/1472-6831-7-18
https://bmcoralhealth.biomedcentral.com/articles/10.1186/1472-6831-7-18
https://bmcoralhealth.biomedcentral.com/articles/10.1186/1472-6831-7-18
https://onlinelibrary.wiley.com/doi/abs/10.1111/ipd.12324
https://onlinelibrary.wiley.com/doi/abs/10.1111/ipd.12324
https://onlinelibrary.wiley.com/doi/abs/10.1111/ipd.12324
https://onlinelibrary.wiley.com/doi/abs/10.1111/ipd.12324
https://onlinelibrary.wiley.com/doi/abs/10.1111/ipd.12495
https://onlinelibrary.wiley.com/doi/abs/10.1111/ipd.12495
https://onlinelibrary.wiley.com/doi/abs/10.1111/ipd.12495
https://onlinelibrary.wiley.com/doi/abs/10.1111/ipd.12495
https://journals.sagepub.com/doi/full/10.1177/0022034518799742
https://journals.sagepub.com/doi/full/10.1177/0022034518799742
https://journals.sagepub.com/doi/full/10.1177/0022034518799742
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0217740
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0217740
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0217740
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0217740
https://www.jioh.org/article.asp?issn=0976-7428;year=2020;volume=12;issue=2;spage=95;epage=101;aulast=Jesmin
https://www.jioh.org/article.asp?issn=0976-7428;year=2020;volume=12;issue=2;spage=95;epage=101;aulast=Jesmin
https://www.jioh.org/article.asp?issn=0976-7428;year=2020;volume=12;issue=2;spage=95;epage=101;aulast=Jesmin
https://meridian.allenpress.com/jcpd/article-abstract/44/2/130/433428/Evaluation-of-Changes-in-the-Occlusion-and?redirectedFrom=fulltext
https://meridian.allenpress.com/jcpd/article-abstract/44/2/130/433428/Evaluation-of-Changes-in-the-Occlusion-and?redirectedFrom=fulltext
https://meridian.allenpress.com/jcpd/article-abstract/44/2/130/433428/Evaluation-of-Changes-in-the-Occlusion-and?redirectedFrom=fulltext


Alhowaish L.

J Res Med Dent Sci, 2021, 9 (S1):1-

8Journal of Research in Medical and Dental Science | Vol. 9 | Issue S1 | February 2021

crowns using the hall technique. J Clin Pediatr Dent 
2020; 44:130-134.

68. Kaya MS, Kınay Taran P, Bakkal M. Temporomandibular 
dysfunction assessment in children treated with the 
Hall Technique: A pilot study. Int J Paediatr Dent 2020; 
30:429-435.

69. Li T, Zhai X, Song F, Zhu H. Selective versus non-selective 
removal for dental caries: a systematic review and meta-
analysis. Acta Odontol Scand 2018; 76:135-140.

70. Ricketts DN, Kidd EA, Innes N, et al. Complete or 
ultraconservative removal of decayed tissue in unfilled 
teeth. Cochrane Database Syst Rev 2006; Cd003808.

71. Casagrande L, Bento LW, Dalpian DM, et al. Indirect pulp 
treatment in primary teeth: 4-year results. Am J Dent  
2010; 23:34-8. 

72. Maltz M, Oliveira EF, Fontanella V, et al. Deep caries lesions 
after incomplete dentine caries removal: 40-month 
follow-up study. Caries Res 2007; 41:493-496. 

73. Bjørndal L. Indirect pulp therapy and stepwise 
excavation. Pediatr Dent 2008; 30:225-9. 

74. Bjørndal L, Reit C, Bruun G, et al. Treatment of deep 
caries lesions in adults: randomized clinical trials 
comparing stepwise vs. direct complete excavation, and 
direct pulp capping vs. partial pulpotomy. Eur J Oral Sci 
2010; 118:290-7.

75. Elhennawy K, Finke C, Paris S, et al. Selective vs stepwise 
removal of deep carious lesions in primary molars: 24 
months follow-up from a randomized controlled trial. 
Clin Oral Investig  2021; 25:645-652.

Latifa Alhowaish

8

8

https://meridian.allenpress.com/jcpd/article-abstract/44/2/130/433428/Evaluation-of-Changes-in-the-Occlusion-and?redirectedFrom=fulltext
https://meridian.allenpress.com/jcpd/article-abstract/44/2/130/433428/Evaluation-of-Changes-in-the-Occlusion-and?redirectedFrom=fulltext
https://onlinelibrary.wiley.com/doi/abs/10.1111/ipd.12620
https://onlinelibrary.wiley.com/doi/abs/10.1111/ipd.12620
https://onlinelibrary.wiley.com/doi/abs/10.1111/ipd.12620
https://onlinelibrary.wiley.com/doi/abs/10.1111/ipd.12620
https://www.tandfonline.com/doi/abs/10.1080/00016357.2017.1392602?journalCode=iode20
https://www.tandfonline.com/doi/abs/10.1080/00016357.2017.1392602?journalCode=iode20
https://www.tandfonline.com/doi/abs/10.1080/00016357.2017.1392602?journalCode=iode20
https://www.cochranelibrary.com/cdsr/doi/10.1002/14651858.CD003808.pub2/full
https://www.cochranelibrary.com/cdsr/doi/10.1002/14651858.CD003808.pub2/full
https://www.cochranelibrary.com/cdsr/doi/10.1002/14651858.CD003808.pub2/full
https://www.amjdent.com/Archive/2010/February PDFs/CASAGRANDE - Indirect pulp treatment in primary teeth%20- 4 year results.pdf
https://www.amjdent.com/Archive/2010/February PDFs/CASAGRANDE - Indirect pulp treatment in primary teeth%20- 4 year results.pdf
https://www.amjdent.com/Archive/2010/February PDFs/CASAGRANDE - Indirect pulp treatment in primary teeth%20- 4 year results.pdf
https://europepmc.org/article/med/17921671
https://europepmc.org/article/med/17921671
https://europepmc.org/article/med/17921671
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1600-0722.2010.00731.x
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1600-0722.2010.00731.x
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1600-0722.2010.00731.x
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1600-0722.2010.00731.x
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1600-0722.2010.00731.x
https://link.springer.com/article/10.1007%2Fs00784-020-03536-6
https://link.springer.com/article/10.1007%2Fs00784-020-03536-6
https://link.springer.com/article/10.1007%2Fs00784-020-03536-6
https://link.springer.com/article/10.1007%2Fs00784-020-03536-6



