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ABSTRACT

Minimal invasive approaches to managing caries, such as partial
caries removal techniques, are showing increasing evidence of
improved outcomes over the conventional complete caries
removal. There is also increasing interest in techniques where no
caries is removed. We present the 1-yr results of clinical efficacy
for 3 caries management options for occlusoproximal cavitated
lesions in primary molars: conventional restorations (CR; com-
plete caries removal and compomer restoration), Hall technique
(HT; no caries removal, sealing in with stainless steel crowns),
and nonrestorative caries treatment (NRCT; no caries removal,
opening up the cavity, teaching brushing and fluoride applica-
tion). In sum, 169 children (3-8 yr old; mean, 5.56 + 1.45 yr)
were enrolled in this secondary care-based, 3-arm, parallel-
group, randomized clinical trial. Treatments were carried out by
specialist pediatric dentists or postgraduate trainees. One lesion
per child received CR, HT, or NRCT. Outcome measures were
clinical failure rates, grouped as minor failure (restoration loss/
need for replacement, reversible pulpitis, caries progression,
etc.) and major failure (irreversible pulpitis, abscess, etc.). There
were 148 children (87.6%) with a minimum follow-up of 11 mo
(mean, 12.23 £ 0.98 mo). Twenty teeth were recorded as having
at least 1 minor failure: NRCT, n = 8 (5%); CR, n = 11 (7%);
HT, n =1 (1%) (p = .002, 95% CI = 0.001 to 0.003). Only the
comparison between NRCT and CR showed no significant dif-
ference (p =.79, 95% CI = 0.78 to 0.80). Nine (6%) experienced
at least 1 major failure: NRCT, n =4 (2%); CR, n =5 (3%); HT,
n =0 (0%) (p = .002, 95% CI = 0.001 to 0.003). Individual
comparison of NRCT and CR showed no statistically significant
difference in major failures (p = .75, 95% CI = 0.73 to 0.76).
Success and failure rates were not significantly affected by
pediatric dentists’ level of experience (p = .13, 95% CI=10.12 to
0.14). The HT was significantly more successful clinically than
NRCT and CR after 1 yr, while pairwise analyses showed com-
parable results for treatment success between NRCT and CR
(ClinicalTrials.gov NCT01797458).
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Caries Management Strategies
for Primary Molars: 1-Yr
Randomized Control Trial Results

INTRODUCTION

ere has been a paradigm shift in what is considered effective management

of carious primary teeth. Conventional restorative or surgical approaches

to caries—where carious dentine is totally excised, then a restoration placed

(Ricketts and Pitts, 2009; Kandiah et al., 2010)—is being challenged by more

biological, less invasive approaches where emphasis is on biofilm alteration to
arrest carious lesions (Ricketts et al., 2013; Schwendicke et al., 2013).

These novel biological approaches form a spectrum of techniques. They
extend from stepwise caries removal to nonrestorative caries treatment
(NRCT), where no caries is removed but the cavity is opened to allow the
lesion to be brushed by parent and child; the biofilm is altered through con-
tinual disruption/cleaning (Gruythuysen et al.,2011; Kidd, 2012). Additionally,
sealing techniques include those with no caries removal, such as the Hall
technique (HT; Innes et al., 2006, 2011), partial (Lula et al., 2009) stepwise
caries removal (Ricketts et al., 2013), and fissure sealing lesions (Griffin
et al., 2008). Although the evidence base supporting biological treatment
approaches is growing, the limited comparative evidence for one approach
over another leaves clinicians with uncertainty around their efficacy and,
therefore, difficulties when planning treatment for children.

In primary teeth, the approximal surfaces experience caries most com-
monly (Martignon et al., 2010), with around 80% of restorations occluso-
proximal (Qvist et al., 2004a). The most effective approach for caries
treatment in primary teeth, especially for multisurface lesions, remains the
subject of ongoing (Ricketts ez al., 2013) and at times vigorous debate (Kidd,
2012).

This study was undertaken to evaluate clinical efficacy of 3 caries manage-
ment options for occlusoproximal cavitated lesions in primary molars, in a
longitudinal randomized clinical trial setting. The treatments were as follows:

e Control arm—with complete caries removal and conventional restora-
tions (CR);

e Sealing in caries with stainless-steel crowns using the HT; and

e NRCT—with cavity opening and fluoride application.

The null hypothesis was no difference at 1 yr among any of the 3 arms for the
primary outcome of success or minor failure and for the secondary outcomes
of major failure and plaque and gingival scores. The patient-relevant out-
comes at time of treatment—children’s behavior and pain perception, accept-
ability of the techniques to parents and dentists—have been reported
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Table 1. Outcome Criteria for Procedures: Clinical Assessment in the 3 Treatment Arms
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Nonrestorative Caries Treatment

Hall Technique

Conventional Restoration

Caries arrested (hardness/softness; lesion
feels hard on gently probing the dentin),

No clinical signs or symptoms of pulpal
pathology, or

Tooth exfoliated without minor or major
failure.

Caries progression (hardness/softness; lesion
feels soft or leathery on gently probing the
dentin)

Signs or symptoms of reversible pulpitis
treated without requiring pulpotomy or
exfraction.

Irreversible pulpitis (history of spontaneous
pain or precipitated pain caused by
thermal or other stimuli) or dental abscess
requiring pulpotomy or extraction.

Primary Outcome: Successful
Crown appears satisfactory,
No clinical signs or symptoms of pulpal
pathology, or
Tooth exfoliated without minor or major
failure.

Primary Outcome: Minor Failure
New caries (around margins)
Crown perforation
Restoration loss but the tooth is restorable
Signs or symptoms of reversible pulpitis (no
spontaneous pain) treated without requiring
pulpotomy or extraction.

Secondary Outcome: Maijor Failure
Irreversible pulpitis (history of spontaneous
pain or precipitated pain caused by
thermal or other stimuli) or dental abscess
requiring pulpotomy or extraction
Crown loss and tooth is unrestorable.

Restoration appears satisfactory (intact tooth
surface adjacent fo restoration, stained
margins consistent with noncarious lesions),

No clinical signs or symptoms of pulpal
pathology, or

Tooth exfoliated without minor or major failure.

Secondary caries (visible dentin in the
interfacial space with signs of caries requiring
intervention)

Restoration fracture or wear requiring
intervention

Restoration loss

Signs or symptoms of reversible pulpitis treated
without requiring pulpotomy or extraction.

Signs or symptoms of reversible pulpitis (no
spontaneous pain) requiring pulpotomy

Signs or symptoms of irreversible pulpitis
(history of spontaneous pain or precipitated
pain caused by thermal or other stimuli) or

dental abscess
Restoration loss and tooth is unrestorable.

Secondary Outcome: Plaque Index®

0 = no plaque
1 = thin visible plaque, difficult to identify
2 = thick visible plaque, easily detected

Secondary Outcome: Gingival Index®

0 = no swelling
1 = mild swelling, no bleeding after gentle probing
2 = moderate to severe gingival swelling, bleeding after air drying

“Modified Plaque Index (Lée et al., 1972).
b (1967).

(Santamaria et al., 2014). This report is part of a longitudinal
clinical trial that aims to evaluate long-term outcomes of HT,
NRCT, and CR.

MATERIAL & METHODS
Ethics

The Research Ethics Committee of Greifswald University,
Germany, gave study approval (BB 39/11; trial registration no.
NCTO01797458). Parents gave written consent for children to
participate.

Study Design

This secondary care-based, 3-arm, parallel-group, patient-
randomized controlled trial was conducted in the pediatric den-
tistry department of Greifswald University. Between 2011 and
2012, 12 dentists were trained to deliver each treatment: 7 pedi-
atric specialists and 5 postgraduate pediatric students (mean age,
35.1 £ 10.3 yr). Treating dentists recruited 169 children (3-8 yr
old; mean age = 5.56 + 1.45 yr) with a primary molar tooth with

occlusoproximal caries into dentine (International Caries
Detection and Assessment System [ICDAS] codes 3-5). At
screening, 2 calibrated dentists (kappa > 0.81) assessed all eli-
gible lesions. Children were randomized through a computer-
generated random-number list with allocation concealment to 1
of 3 arms: NRCT, HT, or CR. Children were excluded if they
had signs or symptoms of pulpal or periradicular pathology
(including pain) or systemic conditions requiring special dental
considerations. Only 1 tooth per child was included in the study.
Where more than 1 tooth per child fulfilled the inclusion crite-
ria, the next tooth on the prescribed treatment plan (determined
by the treating dentist) was chosen for the study. Patient recruit-
ment and follow-up are presented in the CONSORT diagram
(Schulz et al., 2010; Figure). Further study methodology details
have been reported (Santamaria et al., 2014). Details of outcome
criteria are presented in Table 1.

Sample

Sample size calculation was based on the comparison of minor
failure rates for HT (5%) vs. CR (46%) (Innes et al., 2007a).
Failure rates of 5% for HT and 25% for CR were assumed. For
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After initial screening from daily patient lists, 181 children were assessed
for eligibility from: the Paediatric Dentistry Department of Greifswald University

Enroliment:
Patients

- Exclusion (n = 12)

- Not meeting inclusion criteria:

Excluded (n = 9) due to: —reported systemic
diseases; —cavitated carious lesions involving
more than two surfaces

- Refused to participate (n = 3)

Randomisation (n = 169)
-Treatments were randomised by sequence for one of the three treatment options.
- Each child had a maximum of one treatment.

Figure. Study CONSORT diagram.

NRCT, there were no reliable failure rate data. From a clinical
point of view, it was considered a positive outcome if results
were similar to those of HT, proving clinical equivalence. The
program G*power 3 was used for sample size calculation (Faul
et al., 2007): 2-tail test, oo = 0.05 divided by “three” for multiple
testing, resulting in 0.016; B = 0.20. This gave a sample size
target of 116 children with 30% overestimation to allow for
follow-up losses.

Baseline Oral Health Status and Caries Lesions

A full oral examination, dental chart (DMFT/dmft, ICDAS),
Gingival Index, and Plaque Index were carried out (Table 1).

c " Allocation of treatments
:g b= r - allocation concealment to one of threearms T
C o
05
g g‘_“ Allocated to intervention Allocated to intervention Allocated to intervention
< (n =52) (n = 52) (n = 65)
- Received test intervention - Received test intervention - Received control
‘Hall Technique’ (n = 52) ‘Non-Restorative Caries intervention ‘Conventional
Treatment’ (n = 52) Restorations’ (n = 65)

0 v v
c o Dentists (n = 12) Dentists (n = 12) Dentists (n = 12)
o S performing the performing the performing the
© 3 intervention intervention intervention
8 s Number of patients treated Number of patients treated Number of patients treated
= o0 by each dentist (median = 3; by each dentist (median = 3; by each dentist (median = 3;
< s min = 0, max = 16) min = 0, max = 14) min =1, max = 18)

© v
% ] Lost to follow -up (n = 8) Lost to follow -up (n = 4) Lost to follow -up (n =9)
é q:, Reasons: Reasons: Reasons:
o= Failed to return: 6 Failed to return: 3 Failed to return: 5
re) E Moved away: 2 Moved away : 1 Moved away: 4
L Discontinued intervention: 0 Discontinued intervention : 0 Discontinued intervention : 0
8 8 y y
g dCJ Analyzed (n = 44) Analyzed (n = 48) Analyzed (n = 56)
T B Excluded from analysis (n = 0) Excluded from analysis (n = 0) Excluded from analysis (n = 0)
ga

Plaque Index and Gingival Index measurements were scored on
7 index teeth.

Treatment Procedures
Conventional Restorations

Local anaesthesia was placed when needed. Complete caries
removal was carried out with a high-speed handpiece, then a
slow handpiece and/or an excavator to clear carious dentine
from the pulpal wall. A matrix band and a porta-matrix (Henry
Schein Inc., Melville, NY, USA) or a T-Band (Pulpdent,
Watertown, MA, USA) and a wedge (Interdental Wedge, Kerr,
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Table 2. Distribution of Teeth in the Study and ICDAS Categories According to the Type of Treatment, n (%)
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Hall Technique Nonrestorative Caries Treatment Conventional Restoration Total

Primary molar of treatment

Maxillary first 17 (33) 22 (42) 23 (35) 62 (37)

Maxillary second 7 (13.5) 8 (15) 14 (22) 29 (17)

Mandibular first 21 (40) 16 (31) 17 (26) 54 (32)

Mandibular second 7 (13.5) 6(12) 11 (17) 24 (14)

Total 52 52 65 169 (100)
ICDAS

3 3 (6) 12 2(3) 63)

4 11 (21) 7 (13) 7 (1) 25 (15)

5 38 (73) 44 (85) 56 (86) 138 (82)

Total 52 52 65 169 (100)

ICDAS, International Caries Detection and Assessment System: 3, localized enamel breakdown; 4, underlying dentin shadow; 5, distinct cavity

with visible dentin.

Biogglo, Switzerland) were used. All cavities were restored with
Compomer (Dyract, Dentsply, Konstanz, Germany) under cot-
ton wool roll isolation and continuous aspiration.

Hall Technique

No caries removal or tooth preparation was carried out, and no
local anaesthesia was placed. The correct size of crown was
chosen then cemented with glass ionomer luting cement (GC
Fuji TRIAGE, GC Corporation, Tokyo, Japan). Cotton wool
rolls isolation and aspiration were used as required. Further
details can be found at http://dentistry.dundee.ac.uk/cariology.

Nonrestorative Caries Treatment

Lesions were opened with a high-speed bur to remove over-
hanging enamel, making the cavity accessible for plaque
removal. No carious dentine was removed from the pulpal wall
and no local anaesthesia placed. Fluoride varnish (Duraphat,
GABA, Lorrach, Germany) was applied to the cavity. Parents/
children were taught toothbrushing using a buccolingual tech-
nique for the treated tooth.

All participants were given dietary advice and detailed age-
specific toothbrushing instructions following German guide-
lines (http://www.dgzmk.de). Children from 6 yr of age brushed
their teeth twice a day with 1,000- to 1,500-ppm F~ toothpaste.
Younger children brushed with 500-ppm F~ toothpaste.

Participants’ Follow-up

HT and CR participants maintained their dentists’ normal review
intervals (twice per year), and those in the NRCT arm had 3
monthly recalls where plaque disclosing and toothbrushing
instructions to parents/children for the whole mouth and site
specific for the treatment tooth were performed and the informa-
tion recorded. The study tooth was cleaned and Duraphat
applied to active lesions.

After 1 yr, 2 trained examiners (R.M.S., C.H.S.)—experienced
pediatric dentists and trained in use of ICDAS—reassessed the
teeth. Dentists did not assess their own patients. The oral exam-
ination was repeated. Parents/children were asked about pain
experience, eating difficulties, and any emergency treatment

that was required during the previous year. For further informa-
tion on study design, see Appendix.

Data Analysis

All analyses were performed with SPSS 17.0 for Windows.
Nonparametric Kruskal-Wallis analysis of variance and
Bonferroni-corrected Mann-Whitney U test were used for com-
parisons of clinical outcomes (successful, minor failure, major
failure), Gingival Index, Plaque Index, and distribution of
ICDAS categories among treatment arms. McNemar’s test was
used to compare the Plaque Index scores (baseline vs. 1 yr) for
each arm. Age and d,mft comparisons were performed using
analysis of variance. The absolute risk reduction (ARR) and
numbers needed to treat (NNT) were also calculated. The sig-
nificance level was set at 5%.

RESULTS

Baseline Characteristics (Participants and Teeth)

Of 169 baseline carious lesions, 138 (82%) were ICDAS code 5
(distinct cavity with visible dentin); 25 (15%), ICDAS 4 (under-
line dentin shadow), and 6 (3%), ICDAS 3 (localized enamel
breakdown)—with no significant differences in distribution
among treatment groups (p = .35, 95% confidence interval [CI]
=0.35t0 0.70). The overall baseline d;mft value was 5.59 £ 3.08
with no differences among groups for d;mft (p = .25, 95% CI =
0.25 to 0.27), median plaque scores (p = .29, 95% CI = 0.27 to
0.30), or gingival status (p = .13, 95% CI = 0.13 to 0.14). Sixty-
nine percent (n = 116) of the teeth were first primary molars.
Additional baseline data are reported in Santamaria et al.
(2014).

Treatment Characteristics

For treatment distribution by tooth type and arch, see Table 2. In
the CR group, local anaesthesia was administered to 34 partici-
pants (52%). In the HT group, orthodontic separators were used
in 28 cases (54%), evenly distributed across dentists, with no
difference in use between specialists and postgraduate students
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Table 3. Treatment Success Rates after 1-yr Follow-up by Allocated Treatment Group, n (%)

Type of Treatment

Success rate Hall Technique Nonrestorative Caries Treatment Conventional Restoration Total
Successful 43 (98) 36 (75) 40 (71) 119 (80)
Minor failure 1(2) 8 (17) 11 (20) 20 (14)
Maijor failure 0 (0) 4 (8) 5(9) 9 (¢)
Total 44 48 56 148

Kruskal Wallis test for comparison among the 3 treatment groups (p = .002; confidence interval = 0.001 to 0.003). Bonferroni-corrected Mann-
Whitney U test for independent comparisons among nonrestorative caries treatment and conventional restorations (p = .74; confidence

inferval = 0.73 to 0.75).

(p = .41, 95% CI = 0.40 to 0.42). Crown size ranged from size
3 to 7 (mode size, 5; n = 34, 67%).

Follow-up: Participants and Teeth

After a minimum of 11 mo, 148 of 169 (87.6%) participants
returned for follow-up (CR: n = 56 of 65, 86%; HT: n = 44 of
52, 85%; NRCT: n = 48 of 52, 92%) with no statistical differ-
ence among arm allocation (p = .47). Follow-up ranged from 11
to 15 mo (mean, 12.23 £ 0.98). Twenty-one participants did not
return for follow-up. Of the 148 returning children, 86 (58%)
were boys, with no significant differences among the groups for
boys’ ages (mean, 6.67 £ 1.49 yr) or girls’ ages (mean, 6.50 +
1.48 yr; p > .05). The d,mft was 6.04 = 2.97, without significant
differences among groups (p = .34). Characteristics of nonre-
turning and followed-up participants were similar.

Minor Failures

There were 20 of 148 minor failures: CR = 7%, NRCT = 5%, HT
=1% (p=.002, 95% CI=0.001 to 0.003; Table 3). By comparing
independently among treatment arms, there were no significant
differences between NRCT and CR (p = .79, 95% CI = 0.78 to
0.80). However, there were differences between NRCT and HT
(p = .030, 95% CI = 0.026 to 0.033) with an ARR of 0.16 (95%
CI = 0.04 to 0.28) and NNT of 7 and between CR and HT (p =
.011, 95% CI = 0.009 to 0.013) with an ARR of 0.19 (95% CI =
0.07 to 0.31) and NNT of 6—in both cases in favor of the HT.

In the NRCT group, failure times ranged from 3 to 12 mo
(mean, 9.8 £ 2.9). Reasons for failure were caries progression
(n = 6) and reversible pulpitis (without requiring pulpotomy;
n = 2). In the CR group, failure times ranged from 11 to 13 mo
(mean, 11.8 £ 0.7). Reasons for failure were secondary caries
(n = 8), restoration fracture (n = 1), and loss (n = 2). In the HT
group, new caries around crown margins was detected (12 mo)
in 1 case. The majority of minor failures (» = 18 of 20, 90%)
were ICDAS 5 teeth and first primary molars (n = 14 of 20,
70%).

Maijor Failures

From the 148 teeth/participants reviewed, 9 (6%) presented with
major failures (NRCT = 4, CR = 5), with no major failures in the
HT arm (p = .002, 95% CI = 0.001 to 0.003; Table 3). There were
no significant differences when NRCT and CR were

compared (p = .75, 95% CI = 0.73 to 0.76). However, differences
were observed between NRCT and HT (p = .002, 95% CI = 0.001
to 0.003) with an ARR of 0.1 (95% CI = 0.007 to 0.19) and NNT
of 10 and between CR and HT (p = .001, 95% CI = 0.000 to 0.002)
with an ARR of 0.11 (95% CI = 0.01 to 0.02) and NNT of 9.

In the 4 NRCT group failures, times to failure were 8 and 10
mo and in 2 cases over 11 mo. Reasons for failures were abscess
(n =3) and irreversible pulpitis (z = 1). In the CR group, failures
were recorded at 5, 6, 11, 11, and 12 mo. Reasons for failures
were dental abscess (n = 3) and reversible pulpitis (requiring
pulpotomy; n = 2). In total, 6 teeth were extracted: NRCT = 3
(2%) and CR =3 (2%). The rest of the teeth (n =3, 2%) present-
ing with major failures were endodontically treated and restored.
All major failures were in first primary molars (n = 9), the
majority in ICDAS 5 teeth (n =7 of 9, 78%).

Treatments success/failure were not significantly affected by
the dentists’ level of experience (p = .13, 95% CI=0.12 to 0.14).

Gingival Index and Plaque Index

Overall, the amount of plaque-free children increased after 1 yr
(Table 4). There were significant differences by comparing in
each arm the Plaque Index status (baseline vs. 1 yr): HT (p =
.027), NRCT (p = .003), CR (p < .000). The Gingival Index did
not show significant variation in any of the arms during the
study period. 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 <.000).

DISCUSSION

In this 1-yr follow-up comparing the clinical efficacy of CR,
HT, and NRCT, the HT outperformed NRCT and CR. The null
hypothesis of no difference among any of the 3 arms for the
primary outcome of minor failure was rejected. However,
NRCT and CR treatment success rates were comparable.

The HT had only 1 minor failure (3%) and no major failures,
compared to NRCT (minor = 17%, major = 8%) and CR (minor
=20%, major = 9%). These results were comparable to the 2-yr
results of the first trial of CR (minor = 46%, major = 15%) vs.
HT (minor = 5%, major = 2%; Innes et al., 2007a). For minor
failures, the comparison between NRCT and HT showed an
NNT of 7, and for the comparison between CR and HT, the NNT
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Table 4. Plaque and Gingival Index Scores at Baseline and after 1 Yr per Treatment Group, n (%)

0 1 2

Treatment Techniques Plaque Gingival Plaque Gingival Plaque Gingival
Conventional restorations

Baseline 18 (28) 57 (88) 43 (66) 8(12) 4 (6) 0(0)

1yr 33 (59) 52 (93) 20 (3¢) 4 (7) 3(5) 0 (0)
Hall technique

Baseline 21 (40) 47 (90) 27 (52) 4 (8) 4 (8) 1(2)

1yr 28 (64) 37 (84) 15 (34) 7 (16) 1(2) 0(0)
Nonrestorative caries treatment

Baseline 22 (42) 40 (77) 27 (52) 12 (23) 3 () 0(0)

1yr 35 (73) 41 (85) 11 (23) 6(13) 2 (4) 1(2)

Baseline, n = 169 children; 1 yr, n = 148 children. Plaque Index: O = no plaque, 1 = thin visible plaque, 2 = thick visible plaque. Gingival Index:
0 = no swelling, 1 = mild swelling, 2 = moderate to severe gingival swelling.

was 6—in both cases in favor of the HT. For major failures,
there were no significant differences between NRCT and CR.
However, the comparison between NRCT and HT showed an
NNT of 10—and between CR and HT, an NNT of 9—in favor
of the HT.

Although not high quality (Innes et al., 2007b), there is con-
sistent evidence of conventional stainless steel crowns outper-
forming other restorations for multisurface carious primary
teeth—with failure rates of 11.6% for stainless steel crowns and
88.7% for amalgam (Randall ef al., 2000), as well as 8%, 21%,
and 30% for stainless steel crowns, amalgam, and composite,
respectively (Tate et al., 2002). Despite recommendations for
conventional stainless steel crowns (Attari and Roberts, 2006;
Kindelan et al., 2008), their use is mainly limited to paediatric
specialists, with general dentists considering stainless steel
crowns too complex, time-consuming, expensive, and not cos-
metically acceptable (Threlfall et al., 2005). The HT, however,
makes relatively few demands on the child or the dentist, even
compared with the technique-sensitive CR. The use of the HT
could be advantageous for practitioners in terms of technique
complexity and time saving. The higher success rate for the HT
may be attributable to crown durability giving complete isola-
tion of the plaque biofilm from the oral environment, slowing or
arresting the lesion progression. Also, glass ionomer cement
with the HT may have offered additional benefit in lesion
remineralization (Salas et al., 2011). While a stainless steel
crown with full coronal coverage effectively isolates the tooth
from dietary challenges and brushing habits of the child and
parent, the use of NRCT relies for its success on the same people
responsible for the original lesion.

We found no significant differences in efficacy between
NRCT and CR (p > .05). There is very limited NRCT research.
An observational study on mesial slicing in approximal carious
lesions and fluoride application, which included parental advice
on diet and oral hygiene, found 90% of lesions arrested after
1 yr and only 10% requiring restorations (Peretz and Gluck,
2006). Negative outcomes were associated with insufficient oral
hygiene. Similarly, in our study, the oral health status in children
with NRCT failures was significantly lower than successful
cases. Additionally, more than 70% of NRCT-allocated children

with treatment failures failed to attend the regular 3-mo follow-
ups. A recent trial comparing 3.5-yr survival rates of primary
molars treated with CR (n = 341), atraumatic restorative treat-
ment (n = 244), or ultraconservative caries treatment (n = 281:
ART = 109, NRCT = 166, atraumatic restorative treatment—
NRCT combination = 6; Mijan et al., 2013) showed no signifi-
cant differences in the survival rates (p = .13), with
ultraconservative caries treatment major failures (fistula,
abscess, etc.) proportionally lower than in our study (9.25%).
However, the ultraconservative caries treatment group also
received supervised daily toothbrushing, positively influencing
the clinical outcomes and unrealistic in most settings.

NRCT should not be confused with “no caries treatment.”
The controversy continues unresolved between studies where
untreated carious primary teeth exfoliate physiologically and
asymptomatically (Levine et al., 2002; Tickle et al., 2002; Hu
et al., 2013) and those where this is associated with higher risk
of new caries lesions, space loss, pain, and so on (for a review
of these, see Finucane, 2012). However, NRCT must be part of
a comprehensive caries control program (training in plaque con-
trol, diet instructions, fluoride application, etc.), including recall
visits allowing lesion activity to be monitored. Treatment suc-
cess depends on parental cooperation, as parents are responsible
for toothbrushing the affected lesion surfaces with fluoride
toothpaste (Kidd, 2012). Monitoring allows nonsuccessful cases
to be picked up and, if necessary, another treatment approach to
be carried out.

There was a high failure rate for the control restorations
(19%). Although occlusoproximal restorations usually have
higher failure rates than single-surface restorations (dos Santos
et al., 2009), choice of material can influence restoration lon-
gevity (Qvist ef al., 2004b). Compomers have shown adequate
survival rates in occlusoproximal cavities comparable with
amalgam (Marks et al., 2010; Qvist et al., 2010). Four practice-
based longitudinal studies (Qvist et al., 2010) comparing vari-
ous filling materials reported an annual failure rate of
approximately 10% for class II cavities restored with com-
pomer. However, the study population had low caries activity
and relatively low restorative need. In this study, the most fre-
quent reason for failure was restoration associated secondary
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caries. Radiographs were not an inclusion requirement, and in
Germany, bitewings are not routinely taken where pulpal
involvement is considered unlikely. Therefore, one-third of par-
ticipants had no baseline radiographs. This is unlikely to have
contributed to inaccurate baseline diagnosis of pulpal status as
randomization ensured an equal chance of distribution across
arms; HT teeth suffered no irreversible pulpal involvement.
Another hypothesis that we generated to explain failure rates in
the CR group was the non-uniform use of local anesthesia
(administrated to 52% participants); however, local anaesthesia
use did not explain the CR failure rates, as its use did not influ-
ence restoration failure rate either (p = .73, 95% CI = 0.72 to
0.75). Furthermore, although a rubber dam was not used during
the filling procedure, Carvalho et al. (2010) and Brunthaler
et al. (2003) found that its use did not influence failure in pri-
mary teeth and permanent teeth, respectively.

The management of multisurface carious primary molars in
children is challenging. In contrast to treatment in adults, pedi-
atric dentistry has to consider factors such as age, cognitive
development, pain perception, type of treatment, and so on.
These play important roles in selection and provision of dental
treatment (Goumans et al, 2004; van Bochove and van
Amerongen, 2006). An early report from our study (Santamaria
et al., 2014) compared children’s behavior and pain perception
at treatment and techniques’ acceptability to parents and den-
tists. Children treated with NRCT and the HT presented less
negative behavior compared to those treated with CR. However,
when children themselves were asked about comfort of the pro-
cedure, they rated all 3 treatments similarly.

The HT and NRCT are still regarded as unreliable caries
treatment approaches for many dentists. However, the results of
this study found the HT to give encouraging results in sealing
carious lesions without caries removal. The risk difference
between CR and HT resulted in 19% fewer cases of minor fail-
ures and an NNT of 6 for the HT—meaning that 6 children had
to be treated with the HT rather than a CR to avoid 1 minor
failure—and 11% fewer major failures with an NNT of 9.
Similarly, also favoring the HT, the risk difference between
NRCT and HT was a decrease in minor (16%) and major fail-
ures (10%). Furthermore, 75% of lesions in the NRCT arm did
not give signs/symptoms of pulp damage during the study
period: results comparable to the CR arm.

Interpreting these findings for generalizability to their own
practice, clinicians should particularly consider the following:
(1) participants were treated by specialists or trainee specialists;
(2) all had high caries risk, which may have adversely affected
the clinical outcomes for CR and NRCT; and (3) children’s
treatment should be tailored to their individual circumstances.
Although participants/parents received toothbrushing instruc-
tions and dietary guidance, individual procedures relied on
parental compliance with advice to different extents. The HT
took lesion control out of parents’ hands by sealing the lesion,
whereas NRCT relied on child/parental fulfilment of brushing
and diet advice for caries control.

Although the HT considerably reduces the complexity of plac-
ing preformed metal crowns, their poor aesthetics can still be a
barrier for more aesthetic-oriented patients, parents, and dentists.
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Overall, these results support the concept of caries control by
managing the activity of the biofilm. Children require individual
treatment plans, and keeping in mind that there is not one single
treatment choice for caries control, clinicians should consider
the HT and NRCT as treatment options with positive results for
children’s pain perception and parents’ acceptability of tech-
niques (Santamaria et al., 2014). Relative clinical outcomes
show the HT to be significantly more successful than NRCT and
CR after 1 yr, while NRCT and CR treatment success rates were
comparable.
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