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Abstract: Restorative dentistry aims to create a favorable environment to arrest caries with minimal
operative intervention. The Hall technique (HT) involves the seating and cementation of stainless steel
crowns (SSC) on primary molars without any tooth preparation, caries removal, or local anesthesia.
In this manner, it entombs bacteria and arrests caries’ progress. We compared bacterial distribution
and quantity among primary molars affected with caries and restored with SSC using the HT (n = 10),
the conventional technique (CT; n = 10), or not restored at all (control; n = 10). The teeth were
contaminated with Enterococcus faecalis to mimic the clinical situation in the oral cavity and then
incubated for 21 days. They were then cut mesiodistally and evaluated with confocal laser scanning
microscopy. Total bacterial load (live + dead) in the mesial and distal areas of the crown showed no
significant difference between the groups (p = 0.711), but there were significantly more dead than live
bacteria in the CT and control groups versus the HT group (p = 0.0274 and p = 0.0483, respectively).
Inside the pulp chamber and the crown area, the total bacterial load was significantly higher in the HT
compared to the CT group (p < 0.001). Significantly more dead than live bacteria were observed in all
tooth areas treated with the HT (p = 0.0169). Bacterial penetration depth was significantly correlated
with bacterial load (p = 0.0167). In conclusion, although more bacteria were present in teeth that had
undergone the HT versus those treated with the CT, they were mainly unviable. Additionally, the CT
and the HT showed a similar performance in terms of marginal leakage, indicating that complete
caries removal is not essential to achieve good sealing.

Keywords: bacterial load; caries; children; crown; Hall technique; microleakage; restoration

1. Introduction

Since their introduction in 1950 [1], preformed metal crowns, commonly called stain-
less steel crowns (SSC), have been used for restorations of compromised primary dentition.
SSCs are recommended by the American Academy of Pediatric Dentistry (AAPD) for
treating primary and young permanent teeth with pulp therapy, multi-surface caries, and
developmental defects [2]. Although they are considered durable and clinically successful,
many clinicians find them difficult to fit due to a lack of patient cooperation, prolonged
chair time, and the need to administer local anesthesia to a pediatric patient [3].

The Hall technique (HT) is a method for entombing caries in primary molars where
the crown is placed without local anesthesia, caries removal, or tooth preparation [4]. The
technique was developed in the 1980s by Dr. Norna Hall and was first reported in the
literature in 2006. Dr. Hall worked in an area of Scotland with a high prevalence of caries
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and low treatment acceptance. To answer to the demand for a treatment that did not involve
local anesthesia and had a higher acceptance level among patients and their parents, she
gradually adapted conventional crown placement to this technique [5]. In this method, the
operator fits the crown of the appropriate size to cover all the crown margins and loads it
with glass ionomer cement. Then, the crown is seated over the affected tooth by either the
dentist’s finger pressure or the child’s biting force [5]. When the HT is used, as with other
non-, or minimally invasive, caries therapy modalities, the superficial plaque layer—the
essential layer in the biofilm for caries progression [6]—is sealed along with the carious
lesion and cut off from external nutrients in the oral cavity. Subsequently, the plaque biofilm
composition changes to less cariogenic flora. Therefore, this technique may arrest or slow
caries progression in primary teeth [7]. Case selection is critical for achieving the maximal
success rate when applying the HT. Indications include cavitated or non-cavitated teeth
with proximal or occlusal lesions in children who cannot accept selective caries removal.
Contraindications include teeth with signs or symptoms of irreversible pulpitis, dental
infection, clinical or radiographic signs of pulpal exposure, periradicular pathology, and
unrestorable teeth with conventional techniques [6].

The HT aims to increase the child’s compliance due to the elimination of local anesthe-
sia, noise, and other possible irritating factors. As utilization of the HT is less traumatic to
young children undergoing dental treatments, it may also contribute to the cooperation of
children during later dental treatments [8]. As the procedure is simpler and demands less
chair time, the HT may also increase the operator’s acceptance.

Use of the HT during the COVID-19 pandemic was advantageous because it does not
create an aerosol. Moreover, children’s increased compliance with the technique reduced
the burden on clinics [9].

Studies that have evaluated the HT reported high success rates (i.e., no pain or infec-
tion) of 99–100% after one year, 93–98% after two years, and 97% after five years [5,7,10].
Despite all the advantages mentioned above, the use of the HT for carious primary molars
remains unpopular and controversial. Despite being recognized, it is not used among pedi-
atric dentists worldwide due to a lack of training, its perception as substandard dentistry,
and a perceived lack of evidence [11].

One of the most critical factors for the survival of a crown is its marginal seal [12].
The clinically undetectable passage of bacterial toxins and oral fluids may lead to com-
plications and failure within a few years [13]. Therefore, it is essential to assess the
influence of different clinical tooth restoration methods with SSCs to understand how
these parameters might affect microleakage and, thus, the survival and success rate of
the restoration.

Previous studies that evaluated the effectiveness of various restorative techniques
comprehensively assessed the microleakage of SSCs using various laboratory and clinical
methods. These included the dye penetration test, in which a dye is applied to the tooth,
and the depth of dye penetration is measured to evaluate microleakage; high-power elec-
tron microscopy to observe the interface between the tooth and the restoration; the fluoride
leakage test which uses a solution containing fluoride to measure the amount of fluoride
leaking from the restoration; and the radioisotope leakage test, in which radioactive mate-
rial is placed on the restoration and the amount of radioactivity leaking from the tooth is
measured [14]. Several other microscopic techniques have been used to assess the bacterial
colonization of dentin, including stereomicroscopy, scanning electron microscopy, and
transmission electron microscopy; however, these methods serve mainly for descriptive
purposes as they are indirect, not qualitative, and cannot evaluate the viability of bacte-
ria [15–17]. Confocal laser scanning microscopy (CLSM) has been used in several studies
to evaluate and trace the penetration of bacteria into the dentinal tubules histologically,
using dead/live staining. This method was also used to assess bacterial viability inside the
dentinal tubules [15–17].

No study has histologically traced bacteria’s actual paths and viability following the
use of the HT in carious primary teeth using CLSM or other modern histological techniques.
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Therefore, in this study, we used CLSM and a bacterial viability kit to evaluate and compare
bacterial colonization and proliferation in primary molars restored with SSCs that were
placed using the conventional technique (CT) and the HT. Our null hypothesis was that
there would be no difference between the total bacterial load and the viability between
teeth treated using the HT and the CT.

2. Materials and Methods
2.1. Experimental Groups

Thirty mandibular second primary molars that were freshly extracted for orthodon-
tic reasons were collected for this study. All selected teeth were affected with carious
lesions located at the proximal and occlusal areas, and graded six according to the In-
ternational Caries Detection and Assessment System (ICDAS) [18]. Radiologically there
were no signs of pulp penetration, and the strip of 1 mm of sound dentin was present
between the carious lesion and the pulp. The teeth were stored in sterile saline until
the experiments.

The teeth were divided into three groups:
Group 1 (n = 10): the teeth were restored using the conventional technique (CT). The

mesiodistal dimension of the teeth was determined using a periodontal probe before the
most appropriate SSC was selected. The occlusal surface was reduced by 1.0 to 1.5 mm
using a K2 diamond bur (Strauss & Co, Ra’anana, Israel) with a high-speed handpiece.
The caries was removed with a large, round no. 8 carbide bur (Komet Dental, Lemgo,
Germany) using a low-speed handpiece. The proximal reduction was accomplished with
a thin, tapered diamond bur (E1, Strauss & Co). All line angles were rounded using
the side of the bur. The occluso-buccal and occluso-lingual line angles were rounded by
holding the bur at a 30- to 45-degree angle to the occlusal surface and sweeping it in a
mesiodistal direction. A pre-contoured and pretrimmed SSC (3M ESPE Stainless Steel
Crowns, Minneapolis, MN, USA) was fitted and crimped using 800-417 pliers (3M ESPE
Stainless Steel Crowns). A crown was placed on the prepared teeth using finger pressure
and cemented using glass ionomer cement. (FUJI1 GC Europe, Leuven, Belgium), followed
by bacterial contamination.

Group 2 (n = 10): The HT was performed without caries removal. The teeth were
not prepared and the SSCs were not pre-crimped. The smallest possible pre-contoured
and pretrimmed SSC (3M ESPE Stainless Steel Crowns) covering all crown margins was
selected and fitted on each tooth according to its dimensions. The crown was placed on the
prepared teeth using finger pressure and cemented using glass ionomer cement (FUJI1 GC
Europe), followed by bacterial contamination.

Group 3 (n = 10) served as control: caries was removed with a large, round no. 8 carbide
bur (Komet Dental) using a low-speed handpiece without SSC placement followed by
bacterial contamination.

2.2. Experimental Model

All roots were mounted using a model as described previously [15–17]. Briefly, each tooth
was placed in a 1.5 mL Eppendorf plastic tube (Sigma-Aldrich Co., St. Louis, MO, USA) and
then inserted into a 20 mL disposable glass scintillation vial (Sigma-Aldrich Co) through
the opening of the rubber cap, so that the plastic tube fitted tightly inside the glass vial.
The junctions between the teeth, the Eppendorf tube, and the rubber cap were sealed with
a cyanoacrylate adhesive (Krazy Glue, Colombus, OH, USA) (Figure 1). The system was
then sterilized overnight using an ethylene oxide gas [19].
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Figure 1. Experimental model. Each tooth was placed in a 1.5 mL Eppendorf plastic tube and then
inserted into a 20 mL disposable glass scintillation vial through the opening of the rubber cap so that
the plastic tube fitted tightly inside the glass vial. The junctions between the teeth, the Eppendorf
tube, and the rubber cap were sealed with a cyanoacrylate adhesive. The system was then sterilized
overnight using ethylene oxide gas.

2.3. Simulation of Enterococcus faecalis Bacterial Infection

A growth medium for streptomycin-resistant T2-strain Enterococcus faecalis (E. faecalis)
(ATCC® 29212™, ATCC, Manassas, VA, USA) was prepared and autoclaved. To prevent
contamination by additional bacterial species, 0.5 mg/mL streptomycin sulfate (Sigma-
Aldrich Co.) was added, as E. faecalis is resistant to this concentration of streptomycin
sulfate. Each tooth specimen was filled from the coronal part of the root canal with the
freshly prepared bacterial suspension and then incubated at 37 ◦C and 100% humidity. The
bacterial suspension was replaced with a fresh preparation every 24 h for 21 days.

2.4. Preparation of Samples for Evaluation

After 21 days of incubation, the tooth specimens were embedded in a self-cure acrylic
repair material (Triad VLC resin; Dentsply, Int., York, PA, USA), and 0.2 mm mesiodistal
coronal plane cuts were performed through the SCC and root area of each specimen with
a diamond saw rotating at 500 rpm (Isomet, Buehler Ltd., Lake Bluff, IL, USA), under
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water cooling (Figure 2). The samples were stained using a LIVE/DEAD BacLight Bacterial
Viability Kit L-7012 (Molecular Probes, Eugene, OR, USA) containing separate vials of the
two-component dyes (SYTO 9 and propidium iodide in 1:1 mixture) for the staining of the
biofilm. These dyes’ excitation/emission maxima are 480–500 nm for the SYTO 9 stain and
490–635 nm for propidium iodide.
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Figure 2. Preparation of teeth for confocal laser scanning microscopy. Mesiodistal coronal plane cuts
were performed, and the teeth were stained with a LIVE/DEAD BacLight Bacterial Viability Kit.

2.5. Confocal Laser Scanning Microscopy

Immediately after the staining procedure, fluorescence from the stained bacteria
was observed under a confocal laser scanning microscope (CLSM; Leica TCS SP5, Leica
Microsystems CMS GmbH, Wetzlar, Germany). Single-channel imaging and simultaneous
dual-channel imaging were used to display green and red fluorescence (Figure 3).
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Figure 3. (A–F): Confocal laser scanning microscopy images of bacterial colonization. The infected
dentin was stained with a LIVE (green)/DEAD (red) BacLight Bacterial Viability Kit and analyzed
using the LAS AF software. (A–C) Conventional technique, (D–F) Hall technique.

The mesial, distal, pulp chamber, and crown areas of the specimens were evaluated by
the software as follows:

1. The extent of fluorescent staining within the evaluated areas was calculated.
2. The vitality of the colonized bacteria was calculated as the proportion of live vs.

dead bacteria.
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3. The distance between the bacterial load in the crown area and the pulp chamber
was measured.

2.6. Statistical Analysis

The variables are presented as the median and interquartile range and compared
among all groups with Kruskal–Wallis tests. Post hoc Nemenyi tests were conducted
on variables for which differences were found. Multivariate generalized linear models
were used for comparing bacteria by status (alive versus dead) and group. A Spearman
correlation assessed the association between distance and bacteria in the pulp chamber.

3. Results

Bacterial colonization of the infected teeth in each experimental group is shown in
Figure 3.

The quantification of bacterial colonization in the experimental groups is depicted in
Figure 4. There was a significantly higher total bacterial load in the HT group compared
with the CT group (p < 0.001) and a higher total bacterial load in the control group compared
with CT (p = 0.0053). There were significantly more live bacteria in the HT compared with
the CT group (p = 0.04). In the HT group, there were significantly more dead than live
bacteria in all areas (p = 0.0169).
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Figure 4. Total bacterial load of live and dead bacteria in the experimental groups. Abbreviations:
CT, conventional technique; HT, Hall technique.

Analysis of bacterial load by tooth anatomy (Figure 5) showed no significant differ-
ences between groups in the total (live + dead) bacterial load at the mesial and distal areas
of the SSC (p = 0.711). There were significantly more dead than live bacteria in the CT
group (p = 0.0274).

Significantly more bacteria (live and dead) were observed inside the pulp chamber of
the HT group compared to the CT group (p < 0.001). There were significantly more dead
bacteria than live in the pulp chamber of the HT group (p = 0.0099).

There was a significant association between the bacterial load in the crown area and
the penetration distance to the pulp chamber (p = 0.0167) (Figure 6).
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Figure 6. Distance (mm) between the bacterial load in the crown area and the pulp chamber.
p = 0.0167. Abbreviations: CT, conventional technique HT, Hall technique; M + D, mesial and distal.

4. Discussion

Dental caries is a multifactorial disease that results from an ecologic shift within the
dental biofilm to acidogenic and aciduric bacterial species, influenced by host factors such
as saliva quality and quantity, diet, and others. The loss of equilibrium between demineral-
ization and remineralization processes leads, given enough time, to tooth substance loss
and clinically visible decay.

Bacterial colonization of dentin tubules is an active process mediated by cell division
and availability of nutrients [20]; therefore, the main goal of restorative treatment is to
prevent the invasion of bacteria and their by-products in the oral cavity. The paradigm of
early accepted approaches, where carious tissue was removed and restoration was placed,
has shifted to more biological methods with minimal invasive interventions [10]. This
approach focuses on arresting lesions and disturbing or modifying plaque by placing an
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adequate restoration that seals the cavity without jeopardizing pulpal vitality, rather than
removing caries [21].

An ideal restoration should prevent the subsequent leakage of bacterial by-products
into the pulp and peri-radicular tissues [22]. Prior studies have shown that the number of
viable bacteria in the carious dentin beneath a restoration decreases over time and “dries
out”, suggesting lesion arrest. This may be explained by the restriction of an exogenous
nutrient supply, which isolates the caries process from the oral cavity, and the observed
shift toward less cariogenic microflora [23,24].

To understand the mechanism of bacterial behavior following the restorative process,
an experimental model should be capable of assessing the effectiveness of sealing with
the chosen restorative method, and tracking and quantifying the routes and extent of
bacterial colonization. E. faecalis was chosen because this species exist in the normal oral
flora in humans, is frequently found in mixed infections with other aerobes and facultative
anaerobes, and does not form endospores [25,26]. E. faecalis also plays an essential role in
bacterial biofilm formation and therefore is considered an appropriate model for testing
novel treatments [14,27–30].

In the current study, the actual routes of microbial colonization were histologically
traced using CLSM, and positive and negative histological controls were used to confirm
the adequacy of the experimental model. CLSM can be a valuable tool for dental research.
It provides high-resolution, three-dimensional images of tooth structure and restorative
materials, which can help researchers better understand the structure–function relationship
in teeth and how various restorative materials interact with the tooth structure. CLSM has
been used in multiple dental research studies, including caries detection, microleakage
evaluation, and evaluation of the bonding effectiveness of dental adhesives. Additionally,
CLSM can visualize living cells and tissues in real time, providing valuable information
for research on biological processes in the oral cavity, such as tooth development, wound
healing, and disease progression. Overall, CLSM has the potential to enhance the under-
standing of dental biology and material science significantly, making it a valuable tool for
dental research [7–19]. In our study, CLSM provided direct and quantifiable information
about the presence and distribution of live and dead E. faecalis bacteria inside the dentinal
tubules [31].

We observed microleakage in all groups, but no significant differences were observed
between groups in the total (live + dead) bacterial load at the mesial and distal areas of
the SSC. Furthermore, the viability of the colonized bacteria was affected by the way the
crown was treated: more live and dead bacteria were found in the HT in comparison with
the CT group, and there was a significant association between the bacterial load and the
penetration distance, probably because the degree of microleakage is greater in dentin than
in enamel [32]. In addition, cavity preparations on progressively decayed teeth may result
in stressed pulp [33]. Further placement of restorations with inadequate seals could worsen
the tooth condition leading to ‘major’ failures.

Our finding that the bacterial load following HT was higher than the bacterial load
after CT is in concordance with the findings of other studies [34], as more microorganisms
were detected in teeth submitted to partial caries removal compared with complete caries
removal. However, the number of viable bacteria and their pathogenicity decreases over
time [35]. In the current study, the observations were limited to one month, and a more
extended follow-up period is needed for a more accurate evaluation.

Luting materials and the technique significantly affected SSC microleakage. Glass
ionomers have been shown to be relatively insoluble, biocompatible, and bacteriostatic,
minimizing microleakage [36,37]. Therefore, they can be considered a contributing factor to
defense against bacteria and bacterial leakage [38]. Cement thickness does not negatively
affect the marginal seal [39], but this variable deserves further research. Occlusal load stress,
which occurs typically under in vivo conditions, is another variable that was not tested in
the current study and should be considered when the marginal leakage of cemented crowns
is tested. Restorative dentistry aims to create a favorable environment to arrest caries with
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minimal operative intervention. Our findings indicate that removing the excavation of
all carious tooth material from cavitated lesions may not be essential to controlling caries
progression and management.

The present study is a part of increasing evidence-based findings on pragmatic clinical
trials that shows HT is a fast and non-invasive procedure that does not require tooth
preparation and reports a high success rate for treating carious, vital, symptomless primary
molar teeth [5,40–43]. This technique is advantageous for behavior management in children
with a history of negative dental experience, fear, and dental anxiety. Treatment should
be chosen based on a patient’s risk levels, age, and compliance. Proper case selection will
confer successful outcomes of sealing carious primary molars. The HT is designed to help
children cooperate and be more comfortable during treatment without general anesthesia.
However, it is essential to note that the HT may not be appropriate for every child and
every situation.

As the experimental conditions in the current study did not fully mimic the clinical sit-
uation, the extent of microleakage following the utilization of the HT should be established
in long-term clinical trials.

5. Conclusions

This work used different techniques to shed light on the actual paths of bacterial
infection in dental tubules during SSC placement on primary molars. More bacteria were
present in teeth that had undergone the HT compared to the CT, although they were mainly
unviable. Additionally, CT and HT showed a similar performance in terms of marginal
leakage, indicating that complete caries removal is not essential to achieve good sealing.

Author Contributions: Conceptualization, S.B.; Data curation, S.E., B.P. and S.B.; Formal analysis,
S.A. and H.A.; Funding acquisition, S.E.; Investigation, S.A., H.A. and S.B.; Methodology, S.E. and
S.B.; Project administration, S.B.; Resources, S.E.; Software, B.P. and S.B.; Supervision, O.M. and S.B.;
Validation, S.E., S.A. and H.A.; Visualization, O.M.; Writing—original draft, S.B.; Writing—review
and editing, S.E., B.P. and O.M. All authors have read and agreed to the published version of
the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki and approved by the Ethics Committee of Tel Aviv University (protocol code 0002712-1,
approval date 9 February 2021).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: The data supporting the results are available from the corresponding
authors upon reasonable request.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Humphrey, W.P. Use of chrome steel in children’s dentistry. Dent. Surv. 1950, 26, 945–949.
2. American Academy of Pediatric Dentistry. Guideline on Pediatric Restorative Dentistry; American Academy of Pediatric Dentistry:

Itasca, IL, USA, 2022.
3. Threlfall, A.G.; Pilkington, L.; Milsom, K.M.; Blinkhorn, A.S.; Tickle, M. General dental practitioners’ views on the use of stainless

steel crowns to restore primary molars. Br. Dent. J. 2005, 199, 453–455. [CrossRef] [PubMed]
4. Innes, N.; Evans, D. The Hall technique as a new method for managing caries in primary molars: Is it really a revolution? In

Revolutions in Pediatric Dentistry; Splieth, C., Ed.; Quintessence Publishing Co: Hanover Park, IL, USA, 2011; pp. 152–162.
5. Innes, N.P.; Evans, D.J.; Stirrups, D.R. Sealing caries in primary molars: Randomized control trial, 5-year results. J. Dent. Res.

2011, 90, 1405–1410. [CrossRef] [PubMed]
6. Kidd, E.A. How ‘clean’ must a cavity be before restoration? Caries Res. 2004, 38, 305–313. [CrossRef] [PubMed]
7. Innes, N.P.; Stirrups, D.R.; Evans, D.J.; Hall, N.; Leggate, M. A novel technique using preformed metal crowns for managing

carious primary molars in general practice—A retrospective analysis. Br. Dent. J. 2006, 200, 451–454. [CrossRef]
8. Liddell, A.; Locker, D. Changes in levels of dental anxiety as a function of dental experience. Behav. Modif. 2000, 24, 57–68.

[CrossRef]

http://doi.org/10.1038/sj.bdj.4812746
http://www.ncbi.nlm.nih.gov/pubmed/16215580
http://doi.org/10.1177/0022034511422064
http://www.ncbi.nlm.nih.gov/pubmed/21921249
http://doi.org/10.1159/000077770
http://www.ncbi.nlm.nih.gov/pubmed/15153704
http://doi.org/10.1038/sj.bdj.4813466
http://doi.org/10.1177/0145445500241003


Children 2023, 10, 457 10 of 11

9. Casamassimo, P.S.; Townsend, J.A.; Litch, C.S. Pediatric Dentistry During and After COVID-19. Pediatr. Dent. 2020, 42, 87–90.
10. Santamaria, R.M.; Innes, N.P.; Machiulskiene, V.; Evans, D.J.; Splieth, C.H. Caries management strategies for primary molars: 1-yr

randomized control trial results. J. Dent. Res. 2014, 93, 1062–1069. [CrossRef]
11. Hussein, I.; Al Halabi, M.; Kowash, M.; Salami, A.; Ouatik, N.; Yang, Y.M.; Duggal, M.; Chandwani, N.; Nazzal, H.; Albadri, S.;

et al. Use of the Hall technique by specialist paediatric dentists: A global perspective. Br. Dent. J. 2020, 228, 33–38. [CrossRef]
12. Ettinger, R.L.; Kambhu, P.P.; Asmussen, C.M.; Damiano, P.C. An in vitro evaluation of the integrity of stainless steel crown

margins cemented with different luting agents. Spec. Care Dent. 1998, 18, 78–83. [CrossRef]
13. Murray, P.E.; About, I.; Franquin, J.C.; Remusat, M.; Smith, A.J. Restorative pulpal and repair responses. J. Am. Dent. Assoc.

2001, 132, 482–491. [CrossRef]
14. Elbahary, S.; Bercovich, R.; Azzam, N.A.; Haj-Yahya, S.; Shemesh, H.; Tsesis, I.; Rosen, E. The Effect of Pulpotomy Base Material

on Bacterial Penetration and Proliferation for Pulpotomized Primary Molar Teeth: A Confocal Laser Scanning Microscopy Study.
J. Clin. Pediatr. Dent. 2020, 44, 84–89. [CrossRef]

15. Elbahary, S.; Haj-Yahya, S.; Khawalid, M.; Tsesis, I.; Rosen, E.; Habashi, W.; Pokhojaev, A.; Sarig, R. Effects of different irrigation
protocols on dentin surfaces as revealed through quantitative 3D surface texture analysis. Sci. Rep. 2020, 10, 22073. [CrossRef]

16. Elbahary, S.; Gitit, Z.; Flaisher-Salem, N.; Azem, H.; Shemsesh, H.; Rosen, E.; Tsesis, I. Influence of Irrigation Protocol on Peroxide
Penetration into Dentinal Tubules Following Internal Bleaching: A Confocal Laser Scanning Microscopy Study. J. Clin. Pediatr.
Dent. 2021, 45, 253–258. [CrossRef]

17. Tsesis, I.; Elbahary, S.; Venezia, N.B.; Rosen, E. Bacterial colonization in the apical part of extracted human teeth following
root-end resection and filling: A confocal laser scanning microscopy study. Clin. Oral Investig. 2018, 22, 267–274. [CrossRef]

18. Pitts, N.B. “ICDAS”—An international system for caries detection and assessment being developed to facilitate caries epidemiol-
ogy, research and appropriate clinical management. Community Dent. Health 2004, 10, 193–198.

19. Brosco, V.H.; Bernardineli, N.; Torres, S.A.; Consolaro, A.; Bramante, C.M.; de Moraes, I.G.; Ordinola-Zapata, R.; Garcia, R.B.
Bacterial leakage in obturated root canals-part 2: A comparative histologic and microbiologic analyses. Oral Surg. Oral. Med. Oral.
Pathol. Oral. Radiol. Endod. 2010, 109, 788–794. [CrossRef]

20. Chivatxaranukul, P.; Dashper, S.G.; Messer, H.H. Dentinal tubule invasion and adherence by Enterococcus faecalis. Int. Endod. J.
2008, 41, 873–882. [CrossRef]

21. De Amorim, R.G.; Frencken, J.E.; Raggio, D.P.; Chen, X.; Hu, X.; Leal, S.C. 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. [CrossRef]

22. Gartner, A.H.; Dorn, S.O. Advances in endodontic surgery. Dent. Clin. N. Am. 1992, 36, 357–378. [CrossRef]
23. Bowden, G.H.; Hamilton, I.R. Survival of oral bacteria. Crit. Rev. Oral Biol. Med. 1998, 9, 54–85. [CrossRef] [PubMed]
24. Kidd, E.A. Clinical threshold for carious tissue removal. Dent. Clin. N. Am. 2010, 54, 541–549. [CrossRef] [PubMed]
25. Baumgartner, J.C.; Falkler, W.A., Jr. Bacteria in the apical 5 mm of infected root canals. J. Endod. 1991, 17, 380–383. [CrossRef]

[PubMed]
26. Schleifer, K.H.; Kilpper-Bälz, R. Transfer of Streptococcus faecalis and Streptococcus faecium to the Genus Enterococcus nom. rev. as

Enterococcus faecalis comb. nov. and Enterococcus faecium comb. nov. Int. J. Syst. Evol. Microbiol. 1984, 34, 31–34. [CrossRef]
27. Meire, M.A.; Coenye, T.; Nelis, H.J.; De Moor, R.J. Evaluation of Nd:YAG and Er:YAG irradiation, antibacterial photodynamic

therapy and sodium hypochlorite treatment on Enterococcus faecalis biofilms. Int. Endod. J. 2012, 45, 482–491. [CrossRef]
28. Shlezinger, M.; Khalifa, L.; Houri-Haddad, Y.; Coppenhagen-Glazer, S.; Resch, G.; Que, Y.A.; Beyth, S.; Dorfman, E.; Hazan, R.;

Beyth, N. Phage Therapy: A New Horizon in the Antibacterial Treatment of Oral Pathogens. Curr. Top. Med. Chem. 2017, 17,
1199–1211. [CrossRef]

29. Tay, C.X.; Quah, S.Y.; Lui, J.N.; Yu, V.S.; Tan, K.S. Matrix Metalloproteinase Inhibitor as an Antimicrobial Agent to Eradicate
Enterococcus faecalis Biofilm. J. Endod. 2015, 41, 858–863. [CrossRef]

30. Du, T.; Shi, Q.; Shen, Y.; Cao, Y.; Ma, J.; Lu, X.; Xiong, Z.; Haapasalo, M. Effect of modified nonequilibrium plasma with
chlorhexidine digluconate against endodontic biofilms in vitro. J. Endod. 2013, 39, 1438–1443. [CrossRef]

31. Zapata, R.O.; Bramante, C.M.; de Moraes, I.G.; Bernardineli, N.; Gasparoto, T.H.; Graeff, M.S.; Campanelli, A.P.; Garcia, R.B.
Confocal laser scanning microscopy is appropriate to detect viability of Enterococcus faecalis in infected dentin. J. Endod. 2008, 34,
1198–1201. [CrossRef]

32. White, S.N.; Yu, Z.; Tom, J.F.; Sangsurasak, S. In vivo marginal adaptation of cast crowns luted with different cements. J. Prosthet.
Dent. 1995, 74, 25–32. [CrossRef]

33. Abou-Rass, M. The stressed pulp condition: An endodontic-restorative diagnostic concept. J. Prosthet. Dent. 1982, 48, 264–267.
[CrossRef]

34. Lula, E.C.; Monteiro-Neto, V.; Alves, C.M.; Ribeiro, C.C. Microbiological analysis after complete or partial removal of carious
dentin in primary teeth: A randomized clinical trial. Caries Res. 2009, 43, 354–358. [CrossRef]

35. Alves, L.S.; Fontanella, V.; Damo, A.C.; Ferreira de Oliveira, E.; Maltz, M. Qualitative and quantitative radiographic assessment
of sealed carious dentin: A 10-year prospective study. Oral Surg. Oral Med. Oral Pathol. Oral Radiol. Endod. 2010, 109, 135–141.
[CrossRef]

36. Pashley, D.H. Clinical considerations of microleakage. J. Endod. 1990, 16, 70–77. [CrossRef]

http://doi.org/10.1177/0022034514550717
http://doi.org/10.1038/s41415-019-1100-2
http://doi.org/10.1111/j.1754-4505.1998.tb00908.x
http://doi.org/10.14219/jada.archive.2001.0211
http://doi.org/10.17796/1053-4625-44.2.3
http://doi.org/10.1038/s41598-020-79003-9
http://doi.org/10.17796/1053-4625-45.4.6
http://doi.org/10.1007/s00784-017-2107-1
http://doi.org/10.1016/j.tripleo.2009.11.036
http://doi.org/10.1111/j.1365-2591.2008.01445.x
http://doi.org/10.1007/s00784-018-2625-5
http://doi.org/10.1016/S0011-8532(22)02501-0
http://doi.org/10.1177/10454411980090010401
http://www.ncbi.nlm.nih.gov/pubmed/9488248
http://doi.org/10.1016/j.cden.2010.03.001
http://www.ncbi.nlm.nih.gov/pubmed/20630195
http://doi.org/10.1016/S0099-2399(06)81989-8
http://www.ncbi.nlm.nih.gov/pubmed/1809801
http://doi.org/10.1099/00207713-34-1-31
http://doi.org/10.1111/j.1365-2591.2011.02000.x
http://doi.org/10.2174/1568026616666160930145649
http://doi.org/10.1016/j.joen.2015.01.032
http://doi.org/10.1016/j.joen.2013.06.027
http://doi.org/10.1016/j.joen.2008.07.001
http://doi.org/10.1016/S0022-3913(05)80224-0
http://doi.org/10.1016/0022-3913(82)90008-7
http://doi.org/10.1159/000231572
http://doi.org/10.1016/j.tripleo.2009.08.021
http://doi.org/10.1016/S0099-2399(06)81567-0


Children 2023, 10, 457 11 of 11

37. Erdemci, Z.Y.; Cehreli, S.B.; Tirali, R.E. Hall versus conventional stainless steel crown techniques: In vitro investigation of
marginal fit and microleakage using three different luting agents. Pediatr. Dent. 2014, 36, 286–290.

38. Baillod, R.; Krejci, I.; Lutz, F. “Adhesive anterior tooth restorations” with the use of dentin bonding with and without a cavity
liner. Schweiz Mon. Zahnmed 1994, 104, 290–296.

39. Amaral, F.L.; Colucci, V.; Palma-Dibb, R.G.; Corona, S.A. Assessment of in vitro methods used to promote adhesive interface
degradation: A critical review. J. Esthet. Restor. Dent. 2007, 19, 340–353. [CrossRef]

40. Sharaf, D.A.; Dowidar, K.; El habashy, L.M.; Hamed, H. Hall technique versus the conventional stainless steel crowns restoring
carious primary molar teeth: A randomized controlled clinical trial. Alex. Dent. J. 2021, 46, 174–180. [CrossRef]

41. Ebrahimi, M.; Shirazi, A.S.; 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.

42. Araujo, M.P.; Innes, N.P.; Bonifácio, C.C.; Hesse, D.; Olegário, I.C.; Mendes, F.M.; Raggio, D.P. Atraumatic restorative treatment
compared to the Hall Technique for occluso-proximal carious lesions in primary molars; 36-month follow-up of a randomised
control trial in a school setting. BMC Oral Health 2020, 20, 318. [CrossRef]

43. Thakkar, R.; Jawdekar, A. A Randomized Control Trial of Clinical Success and Acceptability of the Hall Technique and Resin-
Modified Glass Ionomer Cement Restorations in Sealing Carious Primary Molars. J. Pharm. Res. Int. 2022, 34, 35–48. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

http://doi.org/10.1111/j.1708-8240.2007.00134.x
http://doi.org/10.21608/adjalexu.2021.47605.1117
http://doi.org/10.1186/s12903-020-01298-x
http://doi.org/10.9734/jpri/2022/v34i17B35770

	Introduction 
	Materials and Methods 
	Experimental Groups 
	Experimental Model 
	Simulation of Enterococcus faecalis Bacterial Infection 
	Preparation of Samples for Evaluation 
	Confocal Laser Scanning Microscopy 
	Statistical Analysis 

	Results 
	Discussion 
	Conclusions 
	References

