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Aim: To summarise the evidence on HT for managing dentine caries in primary teeth.
Design: MEDLINE, Embase, CENTRAL and Epistemonikos databases were searched for clinical studies con-
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ducted from 2007 to 2021 evaluating HT in primary teeth. Two reviewers independently screened, data
extracted and quality assessed the studies.

Results: Eleven publications from eight unique studies were included. Four were of low risk of bias overall
and five studies were included in a meta-analysis. Overall, HT was 49 % (RR 1.49 [95 % CI: 1.15-1.93], I?

Minimal intervention dentistry =89.5 %, p < 0.001) more likely to succeed. When compared to direct restorations, HT was 80 % more likely
Systematic review to succeed; while similar success was found when compared to conventional preformed metal crowns. HT
Tooth, Deciduous was also over 6 times (RR 0.16 [95 %CI: 0.10-0.27], 1> =0 %, p < 0.001) less likely to fail. Most of the studies

included proximal or multi-surface lesions.

Conclusions: HT is successful option for the management of caries in primary teeth, particularly for prox-

imal or multi-surface dentine lesions. It is well-tolerated by children and acceptable to parent, with mild

adverse effects reported.
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1. Introduction

In recent years, there has been a paradigm shift in the restoration
of carious primary teeth, with the increasing prominence of biolo-
gical approaches over conventional surgical approaches [1]. Biolo-
gical approaches are based on the preservation of tooth structure
and maintaining function for as long as possible, and in the case of
primary teeth, until these exfoliate naturally. Many of these ap-
proaches fall under the realm of minimal intervention dentistry
(MID) [2]. Several MID techniques are conducted without any car-
ious tissue removal, and thus can be carried out without the use of
local anaesthesia even in deep lesions [3]. On the other hand, con-
ventional surgical approaches involving removal of carious tissue
can endanger the pulp vitality in primary teeth as a result of the thin
enamel and dentine and relatively large pulp chambers. Conse-
quently, these approaches often require the use of local anaesthesia,
rubber dam isolation and can induce dental anxiety in young chil-
dren [4].

Another aspect to consider when treating carious primary teeth
is behaviour management of children, which can be challenging
when delivering conventional dental caries treatments. Often times,
dental general anaesthesia (DGA), which refers to dental treatment
under general anaesthesia, may be the only treatment option
available for treating anxious children with extensive lesions [5]. In
addition, DGA involves greater risks, with adverse events occurring
more frequently in very young children [6]. The rising costs and
limited accessibility of surgical facilities means that alternative ap-
proaches to DGA are gaining in importance |[7]. One such approach is
the Hall Technique (HT) using preformed metal crowns (PMCs), in
which, PMCs were cemented using glass-ionomer (luting) cement
over carious primary molars. The technique was unique in that there
was no carious tissue removal, no tooth preparation, and no local
anaesthesia used [8]. Conventional PMCs have been shown to be the
preferred treatment option with the best long-term success rate
(<90 %), especially when used to treat primary molars presenting
with moderate to severe dentinal caries involving more than one
surface [9]. However, conventional PMCs shares the same short-
comings with other conventional surgical approaches, and can be
difficult to provide in young children. Conversely, the HT approach
involves the placement of PMCs without local anaesthesia and the
removal of caries tissue [8]. The success of this approach is pre-
dicated on the achieving of an effective marginal seal, which results
in caries arrestment [10].

There has been a debate among clinicians and researchers about
the use of HT over conventional surgical approaches, whether HT can
be considered as a standard technique for the management of car-
ious primary teeth. A study conducted using an online questionnaire
surveyed 709 dentists from 65 countries and found that only half of
the paediatric dentists surveyed have used the HT in their practice,
with an even smaller proportion reporting HT as their primary
techniques to manage carious primary molars [11]. Ultimately, this
decision should be based on clinically relevant evidence from well-
conducted randomised controlled trials (RCTs). Available evidence
suggests that the HT is a cost-effective option [12], and has positive

outcomes in terms of patient-reported acceptability and com-
fort [12,13].

The number of clinical studies, specifically RCTs, evaluating the
effectiveness of HT for caries management in children has sig-
nificantly increased in recent years; however, an updated review has
yet been conducted. As such, the present systematic review aimed to
examine the success rate, failure types and other clinical parameters
of HT as used for caries management in children, and to provide
recommendations to best translate the available evidence into
practice.

2. Materials and methods

This systematic review followed the Cochrane methodology for the
conduct of reviews in health care [14]. The protocol for this review was
registered on PROSPERO (PROSPERO 2020 CRD42020202442) prior to
conduct. The study was reported according to the Preferred Reporting
Items for Systematic Reviews and Meta-Analysis (PRISMA) guide-
lines [15].

This systematic review examined the following PICO question:

Do patients with dentine carious lesions in primary molars that are
managed with Hall technique crowns compared with conventional
restoration approaches, other MID techniques and no treatment have
different outcomes, in terms of treatment success and failure?

2.1. Inclusion criteria

Studies included are limited to RCTs and controlled clinical trials
(CCT) conducted from 2007 to 2021 and reported in the English
language. The PICO question is as follows:

e Participants: Children with an untreated carious lesion(s) ex-
tending into dentine in primary molars that required interven-
tion to limit caries progression. Only teeth without existing
restorations were considered in order to exclude the possibility of
the dental pulps being compromised by previous treatments.
Intervention: In HT, a PMC is cemented over a primary molar to
seal a dentine carious lesion, allowing for inactivation of carious
lesion as well as the restoration of form and function.
Comparator(s)/control: Conventional restoration approaches in-
cluding non-selective caries removal to hard dentine (direct re-
storations, conventional PMCs), other MID techniques
(Atraumatic Restorative Technique [ART], 38 % Silver Diammine
Fluoride [SDF] application, Non-restorative Cavity Control
[NRCC]), placebo and no treatment.

2.2. Treatment outcomes

The primary outcome of this systematic review was “success” as
measured by:

e The tooth remaining symptom-free throughout the follow-up
period characterised by the lack of pain, swelling, abscess, fistula,
and pathological mobility.
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The lack of radiographic signs such as intraradicular or periapical
radiolucency, and pathological root resorption.

e The restoration appearing satisfactory with no replacement re-
quired.

The secondary outcome of failure was categorised into:

Minor failure: When initial treatment has failed via recurrent
caries, caries progression, restoration loss but tooth was still re-
storable, and any reversible pulpitis could be managed by repair
or replacement of the restoration.

Major failure: When initial treatment has failed resulting in the
need of extraction or pulp treatment, as result of pulpal exposure
during treatment, signs or symptoms of irreversible pulpal da-
mage such as dental abscess and spontaneous pain, or when the
tooth is broken down and unrestorable.

Overall failure: Restorations with either minor and/or major
failures.

Other outcomes examined were:

e Time to treatment/restoration failure/retreatment measured by
months

Gingival and periodontal status (measured by reported indices)
Occlusion changes post treatment

Patient/carer perceptions and acceptance of treatment

Cost effectiveness of treatment

2.3. Search strategy

An experienced information specialist (MM) conducted the
searches. MEDLINE, Embase, Cochrane Library Central Register of
Controlled Trials (CENTRAL) and Epistemonikos were searched
from January 2007-29 th March 2021 and updated 1 August 2022.
Searches were built around the following concepts: (Hall OR Seal
caries/carious lesion OR Biological Prevention OR Preformed
metal crown/Stainless steel crown) AND (Tooth, Deciduous OR
Primary dentition OR Pediatric dentist). Searches were restricted
to English language studies published between January 2007
and March 2021. Full search strategies can be found in
Supplemental Table S1. Reference lists of the included studies
were also screened. Search results were downloaded into a re-
ference management software (Endnote, Version 9) and dupli-
cates removed.

2.4. Study selection

Two reviewers (SH, SA) independently screened all titles and
abstracts against the inclusion criteria with a third reviewer resol-
ving any disagreements (ABH). Following this, 2 reviewers (SH, ABH)
independently screened the full text of studies assessed to be re-
levant during the title and abstract screening, with another reviewer
(SA) resolving any disagreements.

Data extraction was completed independently by 2 reviewers
(SH, ABH) and the following data was extracted using a specifically
designed data extraction form: study characteristics (author, year,
country, setting and funding), population characteristics (age, type
of teeth, x-rays taken, depth of lesion and surfaces), numbers in-
cluded (intervention group, control group, lost to follow up), study
outcomes (unit of randomisation, unit of analysis, primary and
secondary outcomes), and outcome information including methods
of assessment and information regarding risk of bias.
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2.5. Risk of bias assessment

Risk of bias was conducted independently by 2 reviewers (SH,
ABH) using version 2 of the Cochrane risk-of-bias tool for rando-
mised trials (RoB 2) [16] to assess each study across 5 domains:

. Risk of bias arising from the randomisation process

. Risk of bias due to deviations from the intended interventions
. Risk of bias due to missing outcome data

. Risk of bias in measurement of the outcome

. Risk of bias in selection of reported result

G A WN -

After which, an overall risk of bias was determined for each in-
cluded study according to the guidance of the RoB2 tool. Any dis-
agreement was discussed and resolved with the help of another
reviewer (SA).

2.6. Data analysis and synthesis

Random-effects meta-analyses were conducted for success and
failure (major/minor) rates of HT compared to control. Additionally,
sub-analyses comparing HT to different categories of control re-
storations were conducted to elicit any differences. Results were
reported as risk ratios (RR) with 95 % confidence intervals (CIs) and
statistical heterogeneity was assessed using the I statistic.
Outcomes which were not amenable to meta-analysis due to clinical
heterogeneity among the included studies were summarized in ta-
bles and described narratively across the studies.

3. Results
3.1. Selection of studies

The initial search in databases resulted in 789 records, of which
571 potentially eligible publications remained after duplicates were
removed. After title and abstract screening, 535 publications were
excluded, after removing a further 7 duplicates, 29 publications were
left eligible for full-text review. After full-text review, 18 publications
were excluded with reasons provided in Supplemental Table S2. That
resulted in the final inclusion of 11 publications from 8 unique
studies (2 studies had multiple publications but only 1 publication
from each study was included in the analysis). Fig. 1 shows the
PRISMA flow chart of the selection process.

3.2. Assessment of included studies’ risk of bias

Four of the studies included were judged to be of low risk of bias
overall [17-20], with the rest judged to be of high risk of bias
[21-24]. The largest contribution of bias occurs with the randomi-
sation process, with some studies randomising at subject level but
reporting results at tooth level, introducing significant bias to the
results. Fig. 2 presents a summary of the RoB 2 assessment across all
included studies.

3.3. Characteristics of the studies

The study characteristics, primary and secondary outcomes
presented in Table 1.

The eight included studies [8,17,18,20,22-24| examined children
aged from 3 to 10 years over a period ranging from 12 to 60 months.
The setting of the studies ranged from being conducted in class-
rooms without dental facility by dental students [17], primary care
facilities by dental therapists [23], general practice units by general
dentists [19,24], and University clinics conducted by paediatric
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Unit of randomization
different from unit of analysis
(n=3)

Fig. 1. PRISMA flow diagram.

dentists/residents [18,20-22]. Most included only teeth with mul-
tisurface lesions into dentine, with the exception of two studies
including some teeth with enamel lesions [21,23] and three studies
including some teeth with single surface (occlusal) lesions
[19,21,24]. Most of the studies had pre-operative radiographic as-
sessment with the exception of 3 studies [17,20,22]. As the defini-
tions of success, minor failure and major failure across the included
studies were sufficiently similar to the current study, the results
were grouped and analysed together.

The control groups had interventions such as conventional PMCs,
conventional restorations, ART restorations, and NRCC with two
studies having two different control groups [18,20].

All of the studies reported success and major/minor failure rates
at the tooth level. Three of the studies randomised and analysed one
tooth per subject [17,18,20]. Two studies randomised at subject level
and included one or more teeth per subject [23,24], while the other
three studies were split mouth studies with two including two teeth

289

(control and intervention) per subject [19,21] and the other in-
cluding two or more teeth per subject [22]. Due to these differences
in the unit of randomisation and the unit of analysis reported, only
five studies were included in meta-analyses, the three studies with
unit of randomization at tooth level with one included tooth per
subject [17,18,20] and the two spilt mouth studies with only two
teeth per subject [19,21].

Meta-analyses were conducted for success rate and failure rates
of HT compared to control techniques: ART [17,18], conventional
PMCs [18,21], conventional restoration [19,20], and NRCC [20]. The
pooled analysis of the five studies assumes no clustering effect in the
split-mouth study (i.e. that the two teeth per subject can be assumed
to be independent in terms of success and failure rate), as the teeth
are independently assessed and randomised at the patient level.
However, if clustering has occurred, this assumption of in-
dependence may result in overestimation of variance (i.e. 95 %
confidence intervals around the pooled result which are too wide).



S. Hu, A. BaniHani, S. Nevitt et al.

Japanese Dental Science Review 58 (2022) 286-297

Cochrane risk-of-bias tool for randomized trials (RoB 2)

Overall Risk of Bias

1. Risk of bias arising from the randomization process

2. Risk of bias due to deviations from the intended interventions

3. Risk of bias due to missing outcome data

4. Risk of bias in measurement of the outcome

S. Risk of bias in selection of the reported result

Q
X
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|||I|

30%
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mLow mHigh mSome concerns

Fig. 2. Summary of risk of bias across all included studies (Rob 2).

Therefore, meta-analyses were also stratified by the number of in-
cluded teeth per subject (one tooth included per subject and two
teeth per subject in the split-mouth study).

The results of the other studies are reported narratively.

3.4. Primary outcome: success rate

Overall, HT was 49 % (RR 1.49 [95 % CI: 1.15-1.93], > =89.5 %,
p < 0.001) more likely to succeed when compared with control
techniques (Fig. 3A). Without the split-mouth studies, HT was more
than 50 % (RR 1.55 [95 % CI: 1.16-2.07], I* =84.0 %, p < 0.003) more
likely to succeed. Statistical heterogeneity was substantial in both
meta-analyses of success rate (I2>80 %), which seems to originate
from the success rate in the control group of the Araujo et al., 2020
study, which is much lower than the other studies (34 % compared to
50-72 %). This may be the result of the higher failure rate of ART in
multi-surface restorations. For the studies not included in the meta-
analysis, [22-24| HT had a success rate ranging from 85 % to 93 %.

When compared only against direct restorations (Conventional
restorations, ART, mART) [17-20], HT was more than 80 % (RR 1.80
[95 % CI: 1.37-2.36], I2 =79.9 %, p=0.002) more likely to succeed.
(Fig. 3B) This was supported by the other studies not included in the
meta-analysis [22,23]. However, when compared only against con-
ventional PMCs [18,21], HT showed similar success rates (RR 1.02
[95 % CI: 0.90-1.15], I? =52.3 %, p =0.148). (Fig. 3C) Similar outcome
was seen in the studies not included in the meta-analysis [23,24].

3.5. Secondary outcome: failure types and rates

Meta-analysis shows that, HT is over 6 times (RR 0.16 [95 %CI:
0.10-0.27], I =0 %, p < 0.001) less likely to fail when compared to
control techniques (Fig. 4A). Both minor failure (RR 0.13 [95 % CI:
0.07-0.25], I =0 %, p < 0.001) and major failure (RR 0.21 [95 % CI:
0.10-0.45],1, =0 %, p < 0.001) (Fig. 4B, Fig. 4C) are less likely with HT
compared to control techniques. Results were similar without the
split-mouth studies.

For the studies not included in the meta-analysis, HT had a minor
failure rate ranging from 2 % to 10 % and a major failure rate ranging
from 2 % to 6 %. HT had very similar failure types and rates when
compared to conventional PMCs [23,24]. When compared to con-
ventional restorations, specifically with GIC restorations, HT was
shown to have significantly lower minor failure rates [22,23]. With
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regards to major failures, HT was found to have similar rates when
compared to conventional restorations [22,23].

3.6. Other clinical outcomes, parental and patient acceptance

Details of the other outcomes were presented in Table 2.

Occlusal vertical dimension (OVD) was examined in four studies
[8,17,18,24]; however, there was a lot of heterogeneity over the
method of measuring change in OVD. Overall, HT resulted in increase
in OVD immediately post-treatment in almost all children when
compared to conventional PMCs/restorations. However, this increase
resolved over time and was no longer detectable at 12 months
[8,18,24].

Gingival index (GI) was not found to be different in three studies
between HT and control groups [20,22,24|. However, GI was found to
be significantly better in both HT and control groups after treatment
in one study [22]| and plaque index was found to be significantly
better in all groups after treatment in another study [20].

Treatment time was found to be similar for HT and conventional
restorations [8,18], but was found to be significantly less when
compared to conventional PMCs [18,21,24].

The scales used to evaluate treatment discomfort were different
for all three studies reporting that measure. Overall, HT was found to
show higher discomfort scores when compared to ART for the stages
of orthodontic separator placement and crown cementation [17].
However, HT was found to be more comfortable and less anxiety
inducing than conventional PMCs [18,24].

The majority of parents and children were accepting of the HT
with significant increase in quality of life as measured by the
OHRQoL [17,18]. Children, parents and dentists preferred the HT over
conventional restorations in one study [8]. However, parents pre-
ferred the appearance of ART over PMCs [17] but were more dis-
satisfied with ART at follow up [18].

In one study, HT crowns were found to be more cost-effective
than conventional PMCs. It was found to be almost one-third
cheaper than conventional PMCs, thus the incremental cost-effec-
tiveness ratio (ICER) was US$136.56 more for each PMC placed
conventionally [24].

4. Discussion

Even though HT has become one of the accepted techniques for
the management of caries in primary teeth, the amount of pre-
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Success Rate

Success Total Success Total % Follow-up
Trial (HT) (HT) (Control) (Control) RR (95% CI) Weight  time
i
One tooth per child .
1
Ebrahimi 2020 3 24 45 73 — 1.34 (1.14, 1.58) 20.90 12 months
'
Santamaria 2017 37 40 70 102 — 1.35(1.15,1.58) 21.03 30 months
'
Araujo 2020 54 58 23 58 | —— 226(1.685,3.10) 17.03 38 months
1
Subtotal (I-squared = 84.0%, p = 0.002) <> 1.55(1.16,2.07) 58.95
1
1
1
Two teeth per child :
1
Ayedun 2021 23 23 21 23 4 1.09(0.94, 1.27) 21.23 12 months
'
Innes 2015 83 97 48 % —— 1.81(1.47,224) 19.82 60 months
'
Subtotal (I-squared = 96.2%, p = 0.000) s S 1.40(0.73,2.71) 41.05
i
Overall (I-squared = 83.5%, p = 0.000) <> 1.49(1.15,1.83)  100.00
1
NOTE: Weights are from random effects analysis -
T T T
5 1 2 4
Favours Control Favours HT
Success Rate
Hall Te (HT) versus ions (Cor R ion, Atraumatic Restorative Technique [ART], modified ART)
Success  Total Success Total % Follow-up
Trial (HT) (HT)  (Control)  (Control) RR (95% CI) Weight ~ time
One tooth per child
Santamaria2017 37 0 70 102 —_— 135(1.15,1.58) 2943 30 months
Araujo 2020 54 56 23 56 —_— 2.26(1.65,3.10) 2286 36 months
Ebrahimi 2020 33 34 15 32 B e — 207(1.43,301) 2032  12months
Subtotal (I-squared = 86.0%, p = 0.001) — 1.82(1.19,278) 7261
Two teeth per child
Innes 2015 97 48 % —_— 1.81(1.47,224)  27.39 60 months
Subtotal (I-squared =.%, p =) <= 1.81(1.47,224)  27.39
Overall (I-squared = 79.9%, p = 0.002) e 1.80(1.37,2.36)  100.00
NOTE: Weights are from random effects analysis
T T T
5 1 2 4
Favours Restorations Favours HT
Success Rate
Hall Technique (HT) versus Conventional Preformed Metal Crowns (PMCs) at 12 months
Success Total Success Total % Number of
Trial (HD) (HT)  (Control)  (Control) RR (95% Cl) Weight  teeth included
Ebrahimi 2020 33 34 30 30 —— 0.97(0.90,1.06) 62.41  One tooth per chid
Ayedun2021 23 23 21 23 o L E—— 1.09(0.94,127) 3759  Two teeth per child
Overall (I-squared = 52.3%, p = 0.148) <> 1.02(0.90,1.15)  100.00
NOTE: Weights are from random effects analysis i
T T

75 1
Favours Conventional PMCs

Favours HT

Fig. 3. Meta-analysis for success of HT. A: Overall success rate. B: Success rate of HT versus Restorations (Conventional restorations, Atraumatic Restorative Technique [ART],

modified ART). C: Success rate of HT versus Conventional PMCs.

appraised literature (systematic reviews) remains scarce. The most
recent systematic reviews suggested that HT may be superior to
conventional restorations [19,25,26]. However, additional RCTs since
published may affect the conclusions of these reviews. The pub-
lication of recent RCTs examining HT against a greater variety of
controls such as conventional PMCs, ART and NRCC necessitates a
review of the literature in order to appraise the currently available
evidence.

This review found that HT is overall 49 % more likely to succeed
when compared with other caries management techniques.
Interestingly, it is 80 % more likely to succeed when compared with
restorations; however, HT has a similar success rate when compared
to conventional PMCs.

Although a previous systematic review showed that HT may be
more than five times more successful than control techniques [26],
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the studies included in that meta-analysis did not include conven-
tional PMCs which are traditionally considered to be the most suc-
cessful restoration type in primary teeth [19]. Moreover, that meta-
analysis included studies that were very heterogeneous in their pro-
tocols including a split mouth study, a child-level randomization, and
a tooth-level randomization. As such, the actual clinical advantage of
HT is likely to be closer to the findings of the current study. The
process of this systematic review made it clear there is a need for
more standardised approach when conducting and reporting inter-
ventional studies, to ensure clear randomisation at patient level with
ideally one tooth included per patient or with suitable adjustment for
clustering performed in spilt-mouth designs. This will allow for more
studies to be included in future meta-analyses.

In addition, HT reduces the risk of failure when compared to
other caries management techniques. When examining the types of



S. Hu, A. BaniHani, S. Nevitt et al. Japanese Dental Science Review 58 (2022) 286-297

Failure Rate
Failure Total Falure Total % Follow-up
Trial (HT) (HT)  (Control)  (Control) RR (35% CI) Weight  time
One tooth per child
Ebrahimi 2020 1 4 17 62 0.11(0.01,077) 6.38 12 months
Santamaria 2017 3 40 32 102 0.24(0.08,0.74) 19.62 30 months
Arauio 2020 2 [ R T ) 0.08(0.02.0.25) 1305 38 months

Subtotal (I-squared = 12.9%, p = 0.317) 0.13(0.05,0.31) 39.04

Two teeth per chid
Ayedun 2021 [} 2 2 2 } 020001395 279  12months
Innes 2015 3 7 48 ® 0.19(0.10,0.38) 58.16 80 months

Subtotal (I-squared = 0.0%, p = 0.982) 0.19(0.10,0.35) ©0.98

Overall (I-squared = 0.0%, p = 0.800) 0.16(0.10,0.27)  100.00

0O OM

NOTE: Weights are from random effects analysis

T T Al
.01 A S5 1 23
Favours HT  Favours Control

Minor Failure Rate

Minor Minor
failure Total failure Total % Follow-up
Trial (HT) (HT) (Control) (Control) RR (95% CI) Weight time

One tooth per child

Ebrahimi 2020 0 24 e 62 ¢ 0.14(0.01,2.39) 543 12 months
Santamaria 2017 2 40 23 102 0.22(0.05,0.90) 2254 30 months
Araujo 2020 1 56 28 56 0.04(0.01,0.26) 11.47 38 months

Subtotal (I-squared = 12.1%, p = 0.320) 0.12(0.04,0.38) 39.44
Two teeth per child

Ayedun 2021 0 223 1 223
Innes 2015 5 97 40 2

—> 0.33(0.01, 7.78) 4.44 12 months
0.12(0.05,0.30) 56.12 80 months
Subtotal (I-squared = 0.0%, p = 0.552) 0.13(0.06, 0.31) 60.56

Overall (I-squared = 0.0%, p = 0.625) 0.13(0.07, 0.25) 100.00

<><>+‘<>[

NOTE: Weights are from random effects analysis

T T T T
01 4 BEAN2S
Favours HT  Favours Control
Major Failure Rate
Msjor Msjor
failure Total failure Total % Follow-up
Trial (HT) (HT) (Control) (Control) RR (95% CI) Weight time
\
One tooth per child -
H
Ebrshimi 2020 1 % 1 e2 e 0.17 (0.02, 1.23) 14.25 12 months
Santsmaris 2017 1 4 9 102 ——%——1— 0.28(0.04.2.16) 13.84 20 months
Arsujo 2020 1 586 5 56 ——————4%——1—  020(0.02.1.66) 1281 28 months
Subtotal (Isquared = 0.0%, p = 0.933) @ 0.21(0.06, 0.69) 40.90

Two teeth per child
Ayedun 2021 0 23 1 23 3 0.33(0.01,7.78) 5.77 12 months
Innes 2015 4 97 20 28 0.20 (0.07,0.56) 53.34 €0 months

Subtotal (-squared = 0.0%, p = 0.758) < 0.21(0.08, 0.56) 59.10

Overall (I-squared = 0.0%, p = 0.994) 0.21(0.10, 0.45) 100.00

NOTE: Weights are from random effects analysis

T Ll 1 Amh
.01 A 5 1 23
Favours HT  Favours Control

Fig. 4. Meta-analysis for failure rates and types. A: Overall failure rate. B: Minor failure rate. C: Major failure rate.
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Table 2

Japanese Dental Science Review 58 (2022) 286-297

Additional clinical outcomes, Subject discomfort, Parental and Subject acceptance, Cost effectiveness of Hall Technique crowns Vs Control techniques.

Number of
subjects
Occlusal vertical dimension (OVD)

Author, year

Method of Assessment

Results

Araujo, 2020 112
Ebrahimi, 2020 96

Elamin, 2019 165
Innes, 2011 132

Periodontal health

Kaptan, 2021 33
Elamin, 2019 165
Santamaria, 2017 142

Treatment time

Ayedun, 2021 23
Ebrahimi, 2020 96
Elamin, 2019 165
Innes, 2011 132

Treatment discomfort

Araujo, 2020 131
Ebrahimi, 2020 115
Elamin, 2019 212

Parental and subject acceptance
Araujo, 2020 131 subject

92 parents
Ebrahimi, 2020 96
Innes, 2011 Not stated
Cost effectiveness of HT
Elamin, 2019 212

OVD measured at canine

Overbite

OVD measured by contact at contra-
lateral tooth

OVD measured at incisor

Gingival index
Gingival index
Plaque index

Gingival index
Plaque index

Treatment time

Treatment time

Treatment time

Treatment time

The Wong-Baker Faces Pain Scale

(WBEPS)

Faces Pain Scale-Revised

Self-reported Facial Image Scale (FIS)

Questionnaire
OHRQoL

Questionnaire
Question post treatment

Incremental cost-effectiveness
ratio (ICER)

HT: Baseline 3.80 mm (SD + 1.17 mm); Immediately after crown placement 5.25 mm (SD + 1.20),
increase of 1.45 mm (SD + 0.87 mm); OVD returned to its pre-crown measurements within four weeks
after treatment. There was no difference at baseline and four weeks after treatment (p = 0.057).
Mean post-treatment overbite decreased by 2.4 mm compared to the baseline. After six and 12 months,
the mean change decreased to 1.40 mm and 0.31 mm, respectively.

HT: nearly all the children had raised occlusions immediately after placement but only 4 % of the
children in conventional treatment group. At 6 months, nearly all the children returned to normal
occlusal contacts except 3 % in HT group. By 12 months, all the children had normal occlusion.

HT group: mean reported value increase for all teeth was 2.4 mm (SD 0.13, range 0-4 mm). Even
occlusal contact was recorded on both sides of the arch for all 129 children at the one year recall
appointment.

There was a significant decrease in gingival scores in HT and conventional treatment teeth at baseline-6
months and baseline-1 year (P < 0.05).

No significant relationship between PMCs placement method (HT or conventional) with plaque index
and gingival index.

GI did not show significant variation in any of the arms during the study period.

The amount of plaque-free children increased significantly after 1 yr. The majority of patients (n =24 of
29, 83 %) who presented with failures had a Plaque Index > 0 at the time of examination compared to
successful cases (n =28 of 119, 24 %;p < 0.000).

Significantly (p=0.01) more time was spent during the conventional treatment (28.2 + 17.0 min) than
HT (4.5 + 1.5 min)

Mean treatment time for the HT, mART, and conventional PMCs groups were 8.4 + 4.9, 11.1 + 5-2, and
17.3 + 5.1 min, significantly longer in PMCs P < 0.001

The mean procedure time for the conventional PMCs group (33.9 min; SD = 10.61) was significantly
higher (p < 0.001) than that in the HT group (9.1 min; SD = 2.87)

Conventional restorations: mean time of 11.3 min (range 4-32 min; SD 5.5)

HT: mean time of 12.2 min (range 2-40 min; SD 8.3)

HT has higher discomfort scores compared to ART p: < 0.001, adjusted OR=3.67 (1.79-7.49). 34 children
(51.5 %) reported the same discomfort score for separator placement and crown cementation, 11
children (16.7 %) reported a higher level of discomfort after the orthodontic separator and 18 children
(27.3 %) reported a higher level of discomfort after the crown cementation.

Patients in the HT group showed slightly lower-than-average FPS-R scores, and patients in the PMCs
group showed slightly higher-than-average FPS-R scores, difference is not significant

HT subjects were less likely to report anxiety than CT immediately x2 (4, N=212) =21.04, p < 0.001 or
at 12 months %2 (4, N=212) =52.74, p < 0.001.

Subjects: 70 % positive, 85 % neutral and positive

Parents: 70 % positive

No difference between groups except more parents disliked the appearance of the PMC (23.4 %)
compared to ART (4.5 %).

Significant improvement in OHRQoL for both total score and domains at 6 months, no difference
between groups

All parents were satisfied with HT (4) and PMCs (4) treatments.

But there was a significant dissatisfaction for mART 3.19 + 1.195

For 77 % of the subjects, 83 % of carers and 81 % of dentists, the preference was for HT.

The calculated mean cost per unit for HT was US$2.45 (SD = 0.14), almost one-third cheaper than the
cost of US $7.81 (SD = 0.14) for the CT. The ICER (incremental cost-effectiveness ratio) was US$136.56
more for each PMC placed by CT compared to that placed by HT per life year.

failure, it was found that HT reduces both major failures (pulp
treatment or extraction needed) as well as minor failures (worn or
lost restorations, secondary caries and reversible pulpitis). The re-
duction of pulpal involvement in HT could be related to the non-
removal of carious tissue, supported by a recent systematic review
that concluded that less invasive caries management approaches
such as selective- or non-caries removal is advantageous for vital,
symptom-free carious primary teeth compared to complete caries
removal [27]. The reduction in minor failures could be related to the
durability of PMCs which is less prone to wear and tear damage,
unlike GIC restorations [23].

In general, MID techniques such as ART and SDF have shown very
respectable success rates when compared with conventional re-
storations, particularly for single surface occlusal carious lesions
[28]. Moreover, with the development of new materials, conven-
tional restorative techniques may lead to improved clinical
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outcomes over time [29]. However, when it comes to proximal or
multi-surface lesions, the success rate of ART suffers. With a recent
systematic review finding that ART has a lower success rate when
compared to conventional restorations for proximal lesions [28,30].
Most of the RCTs in the current review included proximal or multi-
surface lesions, suggesting that HT should be the MID technique of
choice in these situations.

The main disadvantage of HT has been suggested to be an in-
crease in OVD, resulting in discomfort post-operatively. However,
the present review found that this increase in OVD resolves over
time and tend not to be detectable after 12 months. Moreover, HT
was found to be more comfortable to place than conventional PMCs
[24] and conventional restorations [13]. Although there is evidence
to show that it may result in more discomfort than ART [17]. HT was
also found to be acceptable to children and parents, and is faster to
place when compared to conventional PMCs, a finding supported by
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a previous study [12]. A secondary publication on one of the in-
cluded studies [20] found that dentists reported less negative be-
haviour in the HT group when compared to conventional restoration
[13]. While cost-effectiveness studies on two of the included studies
[8,20] found that HT was more cost-effective, with longer survival
and less complications at lower costs compared to conventional
restorations and NRCC [31]. The aforementioned clinical advantages
of HT when compared to conventional PMCs and restorations, cou-
pled with the high success rates makes HT a viable management
technique for carious lesions in primary teeth.

The strengths of the current review include the robustness of
methods, the sensitive database searches, the use of two reviewers
throughout to screen, data extraction and assessment of bias. While
one limitation is the study design inclusion criteria may have re-
sulted in not capturing studies that report on patient acceptability/
cost exist. Other limitations are the comparison of HT to a group of
different interventions as the control, as well as the different follow-
up periods of the included studies. This heterogeneity may reduce
the generalizability of the meta-analysis results, which this paper
attempted to address with secondary analyses comparing HT to in-
dividual categories of controls.

Additionally, the small number of studies comparing HT to con-
ventional PMC means that the finding that it has a similar success
rate should be interpreted with caution. Moreover, the success of HT
in pulp-treated teeth was not evaluated in any of the included stu-
dies. This is a typical indication of conventional PMCs, when used in
pulp-treated teeth to provide a good coronal seal [32].

5. Conclusion

HT is a successful technique for the management of dentine
caries in primary molars, particularly for proximal or multi-surface
lesions. It is well-tolerated by children and acceptable to parent,
with very mild adverse effects. Future interventional studies (RCTs)
should adopt a standardised approach with clear randomisation at
patient level, allowing for more studies to be included in future
meta-analyses.
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