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Abstract
Objectives: We aimed to appraise the comparative clinical efficacy of atraumatic restorative
treatment (ART) versus conventional restorative treatment (CT) using a meta-analysis and
assessed the robustness of evidence by trial sequential analysis (TSA).
Background: Due to its simplified clinical approach, ART may be advantageous over CT for
restoration of root caries lesions in institutionalized older patients.
Methods: Three electronic databases (PubMed, Embase, Cochrane CENTRAL) were
screened and hand searches and cross-referencing performed to identify randomized
controlled trials reporting on survival of ART versus CT for restoration of root caries in older
patients. Trial selection, data extraction, and risk of bias assessment was performed by two
independent reviewers. ART and CT were compared using fixed- or random-effects pairwise
meta analysis for per-protocol (PP), intention-to-treat (ITT) and best case scenarios. TSA was
used to control for risk of random errors.
Results: 235 studies were identified and 3 trials involving 130 patients (463 restorations)
included. Risk of bias was high or moderate in all but one trial. ART was associated with a
significantly increased risk of failure (OR [95% CI] 2.06 [1.06/4.00]) in PP- but not in ITTanalysis (1.36 [0.92/2.02]). Analyses for best case scenarios found great uncertainty
introduced by attrition. No firm evidence was reached according to TSA.
Conclusions: For restoration of root caries, there is insufficient data to clearly rule out
wether differences between ART and CT exist. Limited available data indicate there might be
an increased risk of failure for ART.

Keywords: Atraumatic restorative treatment, root caries, geriatric dentistry, evidence-based
dentistry

Introduction
Considerable advances in the application of caries preventive measures have led to a decline
of cavitated caries lesions in younger population groups in most high-income countries

1,2

.

However, in frail and/or functionally dependent older people, oral health frequently remains
poor

3-7

, with root caries being an increasingly prevalent condition 3. Given the demographic

transition in these countries and more teeth being retained into old age 8,9, it can be expected
that root caries lesions and their management will be a significant challenge in the future 6.
Further challenges arise in managing the growing numbers of dependent older adults within
residential care facilitates who may have limited access to dental care

10

and limited capacity

due to cognitive decline. Restoration of root caries lesions presents a number of operative
challenges including difficulties with moisture control and bonding to dentine as the sole
substrate to adhere to. Hence, alternative approaches for the restoration of root caries lesions
may be needed 10.
Atraumatic Restorative Treatment (ART) was first developed as an approach for restoring
carious lesions in people in low income countries, where resources and facilities for dental
treatment were limited 11. Application of ART involves removal of carious tissue by use of hand
instruments and restoration of the cavity with an adhesive material, usually high-viscosity
glass-ionomer cement (HVGIC). A major advantage of this technique is its applicability in nontraditional clinical settings, since the need for complex instruments and materials is significantly
reduced compared to conventional treatment (CT) with rotary equipment. Cavity preparation
with hand instruments also reduces patients’ pain and discomfort, thus local anesthesia can
often be avoided. Restoration of root caries lesions using the ART approach may be more
applicable than CT for older patients in different settings such as care facilities, at home or in
dental practices.
Systematic reviews are needed to compile the accrued evidence, assess heterogeneity and
robustness of the data and deduce meaningful recommendations for clinical decision making.
However, evidence on the comparative effectiveness of ART versus other restorative
approaches is inconsistent: A recent Cochrane review compared the effects of ART versus CT

for managing caries in children and adults 12. It was reported that restorations placed with ART
using HVGIC was associated with an increased risk of failure. This was supported by a further
systematic review, where GIC restorations had a higher annual failure rate if placed using ART
compared to CT 13 in load bearing cavities. However, other systematic reviews did not confirm
a significant difference in clinical success between amalgam and ART restorations 14,15. Neither
of these reviews compared the comparative efficacy of ART versus CT for restoring root caries
lesions. Mechanical forces as well as the dental substrate any restorative material is bonded
to differs between root and load-bearing cavity restorations. Therefore, results from available
systematic reviews are not generalizable to restorations of root caries. Other review data on
ART versus CT restorations for root caries has not been appraised systematically but
narratively, focusing only on xerostomic head and neck radiation patients

16

, or posterior

cervical lesions in school children which may have limited generalizability when applied to root
caries lesions in older adults 17,18.
The aim of this systematic review was to compare the efficacy of ART versus CT for restoring
root caries lesions in older adults. To assess the robustness of the synthesized evidence, a
Trial Sequential Analysis (TSA) was performed.

Methods
The reporting of this study is in accordance with the PRISMA and ENTREQ statement
guidelines 19,20.

Eligibility criteria
This study included Randomized Controlled Trials (RCTs) comparing the survival of ART and
CT restorations placed for treatment of root caries lesions in older adults. The following PICO
criteria for inclusion of trials were applied:
Population
Older adults (> 60 years) with root caries lesions in need of restorative treatment were
included. Studies were excluded if they only included patients with extreme oral conditions
(e.g. studies on patients with head and neck radiation therapy following cancer treatment), to
increase the generalizability of our findings.

Intervention
Restoration of root caries lesions placed using ART, i.e. cavity preparation using hand
instruments only. No restrictions were applied to the restorative materials used.
Control
Restorations of root caries placed using CT, i.e. cavity preparation using rotary burs. No
restrictions were applied to the restorative materials used.
Outcomes
The outcome studied was restoration failure; possible reasons for failure included retention
loss, fracture, caries adjacent to the restoration, or other clinically and/or radiographically
determined reasons for replacing or repairing the restoration, as determined by the trial
investigators. Note that this broad definition was chosen, as the exact reason for failure may
not always be reported, or that multiple reasons may apply. Also note that, eventually, in the
included studies, reasons for failure had all been reported in detail, and none fell into this broad
category.
Studies
This systematic review only included RCTs.

Information Sources
Electronic searches
Three electronic databases (EMBASE via Ovid, MEDLINE via PubMed, CENTRAL) were
screened on 12/08/17 using a defined search protocol, which was adapted for each database.
This search was updated on 07/11/18 to assess if further trials had been conducted and
published. Our search was focused on published articles of original studies. We did not include
grey literature such as conference abstracts, books etc. No restrictions were applied to
publication language or date.

Search strategy
A two-pronged search strategy was developed for Medline: (((root) AND caries)) AND (((ART)
OR atraumatic) OR restor*) (Filter: Clinical Trial). This strategy was adapted for the other
screened databases.
Selection process
Titles and abstracts of identified studies were independently screened for eligibility by two
calibrated reviewers (GG and FS). The reviewers were calibrated according to the criteria for
in- and exclusion of trials. Calibration was tested with two papers in a discussion. Inclusion of
studies was decided by both reviewers and consensus was obtained by discussion if
necessary. Cross-referencing was performed via bibliographies of assessed full-texts and
other reviews with a similar scope. There was no disagreement for inclusion of studies.

Data extraction
Data management
Two reviewers (GG and CdM) independently performed duplicate data extraction, using a
piloted spreadsheet.
Data items
The following data items were extracted:


Study name, year of publication, location and setting



Participants (number, gender, age)



Characteristics of included root caries lesions



Treatment procedures for Intervention (ART) and Control (CT) including details on
cavity preparation/caries removal, moisture control, cavity pretreatment, restorative
materials, finishing technique



Follow-up time, attrition rate, outcome measure, findings

If restoration status had been recorded over several time-points within the same trial, data from
the most recent reported time-point was included in this analysis.

Data synthesis
Meta-analysis
Meta-analysis was performed for the outcome (risk of failure, measured as events per total
restorations in each group) using Review Manager (RevMan) Version 5.3. (The Cochrane
Collaboration, 2014). Heterogeneity was assessed using both Cochran’s Q and I2-statistics 21.
Fixed or random-effects meta-analysis was performed depending on heterogeneity (I²<35% or
above). Odds ratios and 95% confidence intervals (95% CI) were calculated. Publication bias
was assessed graphically via a simple test of asymmetry using funnel plots 22.
To assess the possible impact of attrition on our estimates, meta-analysis was performed for
four different scenarios: (a) per-protocol analysis (PP), i.e. assessment of participants based
on the intervention they received and that had been followed; participants that dropped-out
during follow-up were excluded from analysis. PP accounts for possible attrition bias and
deviations from protocol 23. (b) intention-to-treat analysis (ITT), i.e. assessment of participants
as randomized regardless of whether they received the intervention or dropped out. For ITT,
we assumed that all missing participants experienced an event (i.e. restoration failure). (c) and
(d) scenario analyses following the ITT principle. Here, attrition was handled differently in the
experimental and control groups. In the best-case (for ART) analysis (c), we assumed that only
drop-outs in the control (CT), but not the experimental (ART) group experienced events
(failures). In the best-case (for CT) scenario (d), this was reversed. Scenario analyses explore
the uncertainty introduced by attrition via the most extreme imputations.
Trial sequential analysis (TSA)
In a meta-analysis, Z-values are used to compare two interventions. A Z-value of 0 indicates
no difference between two interventions. A Z-value exceeding ±1.96 corresponds to a p-value
of <0.05 (two-sided test), which is traditionally assumed to indicate a statistically significant
difference. For repeated updates of meta-analyses, as new trials become available to include,
a new Z-value is calculated for each update. In TSA, this series of Z-values is plotted against
the accumulated sample size, events, or information

24,25

. This ‘cumulative Z-curve’ is then

assessed regarding its relation to the conventional significance boundaries (Z=±1.96), the

required information size (RIS), and the trial sequential monitoring boundaries (TSMB) for
benefit, harm, or futility.
Trial Sequential Analysis Viewer 0.9.5.10 Beta (Copenhagen Trial Unit, Centre for Clinical
Intervention Research, 2016) was used for conducting the TSA. The RIS was calculated based
on an assumed type I error risk of α=0.05, a type II error risk of β=0.20 (equivalent to a power
of 0.80) and the control event proportion. The relative risk reduction was based on an a priori
defined worthwhile interventional effect of 20%. It should be noted that smaller intervention
effects may well be relevant 26. This, however, would increase the RIS even further 24. Variance
based heterogeneity correction was performed according to the O’Brien–Fleming function

27

and was used for calculating the TSMBs. Results of the cumulative Z-value crossing the
conventional boundary of significance (Z=±1.96) but not the TSMBs for benefit or harm were
defined as spuriously significant. Firm evidence was assumed to be reached when the Z-curve
crossed the outer TSMBs for benefit or harm before the RIS was reached. Firm evidence of
futility was confirmed when the Z-curve was crossing the inner TSMBs for futility and the RIS
was reached 25.
Qualitative assessment and confidence in data
Risk of bias was independently assessed using the Cochrane risk of bias assessment tool

28

by two reviewers (GG and CdM). The strength of evidence was graded according to the
GRADE

working

group

of

evidence

using

the

GRADEpro

GDT

online

tool

(https://gdt.guidelinedevelopment.org). It should be noted that only the evidence for the PP
scenario (a) was graded.

Results
Results of the searches
From 332 identified studies, 11 articles were evaluated as full-text manuscripts, and 3 RCTs
were included (Fig. 1). Excluded studies and reasons for exclusion can be found in the
appendix (Tab. S1). Within the included studies, 463 restorations were placed in 130 patients
and assessed with a follow-up time of 6 to 24 month (Tab. 1).

The age range of participants included in one RCT was 60–101 years and 65-90 years in a
second RCT. The other included trial did not report on age range but only the mean age of
participants, which was 78.6 years. Two trials were conducted in nursing homes and one trial
in a geriatric day hospital and a dental university hospital. In two trials solely root caries lesions
were included and in one trial, restorations were placed in both root and coronal caries lesions
(the results for the coronal lesions were not included into this review).
All included trials used GIC, HVGIC or resin-modified GIC (RMGIC) as restorative materials.
In two trials polyacrylic acid conditioning was performed prior to placing the restoration. In one
trial the cavity was conditioned using chlorhexidine instead. Three trials used ART restoration
criteria 29 for evaluation of restorations (one of them additionally used the United States Public
Health Service (USPHS)-criteria; one trial used criteria defined by the authors which were build
on the ART restoration criteria. The main reasons reported for failure were marginal defects
and retention loss.

Meta-analysis
Fixed-effects meta-analyses were performed for the PP-, ITT- and best case (for CT) scenarios
as described in the methods section. Due to significant heterogeneity (I2 > 35%), randomeffects meta-analyses were performed for the best case (for ART) scenario (Fig. 2). In the PP
scenario, ART restorations had a significantly increased risk of failure compared with CT (OR
2.06 [1.06/4.00]) (Fig. 2a). In the ITT scenario, there were no significant differences calculated
in risk of failure between ART and CT (OR 1.36 [0.92/2.02]) (Fig. 2b). In extreme scenario
analyses, ART had either a significantly decreased risk of failure (OR 0.27 [0.09/0.85]) or an
increased (OR 8.39 [4.70/14.87]) risk of failure (Fig. 2 c, d), indicating great uncertainty
introduced by attrition. There was no publication bias detected by funnel plot analyses
(Appendix Fig. S1).

Trial-sequential analysis
There was no firm evidence on ART versus CT reached regardless if PP (RIS: 931, reached
IS: 353) (Fig 2a) or ITT-scenario analyses (RIS: 1545, reached IS: 463) (Fig 2b) were
performed. Neither the TSMB nor RIS boundaries were crossed by the Z-curve. This was also

found for the best case (for ART) scenario (RIS: 936, reached IS: 463) (Fig. 2c). For the best
case (for CT) scenario, firm evidence was reached in favor of CT; the TSMB for benefit of CT
was crossed before the Z-curve crossed the RIS.

Risk of bias assessment and evidence grading
The risk of bias of included trials is shown in Table 2. As blinding of operators and participants
could not have been performed in the RCTs, these domains were excluded in the assessment
of risk of bias. We found low risk of bias in one trial, moderate risk of bias in another trials and
high risk of bias in a further trial. The GRADE summary table revealed that the certainty of the
evidence from our findings was low (Appendix Fig S2).

Discussion
Due to its reduced instrumental and technical requirements ART can be provided outside of
the traditional clinical environment, with less pain and discomfort for the patient. As the
technique is minimally invasive, ART may theoretically be associated with a lower risk of pulp
exposure and the subsequent need for further complex operative treatments. Given these
potential advantages, ART may be more applicable for managing root caries in dependent
older adults, particularly those in residential care or as part of domiciliary care. Based on limited
data this systematic review and meta-analysis indicates that ART may be associated with an
increased risk of restoration failure compared to CT. Our TSA revealed that firm evidence was
not reached to draw a clear conclusion. High attrition rates in the included trials further
weakened the validity of our findings.

For PP analysis, we found ART was associated with a significantly increased risk of failure
compared to CT. Our finding is in line with other systematic reviews where ART also tended
to perform worse than CT in various situations

12,13,17

. Other systematic reviews could not

demonstrate a difference between ART placed with HVGIC and amalgam restorations

14,15

.

Given this uncertainty, more high quality randomized-controlled trials are recommended to

assess the comparative clinical effectiveness of ART restorations not only for root caries, but
for various indications.

Higher failure rates of ART might be the result of less controlled conditions in terms of
contamination control and cavity preparation when placing the restoration 13. However, in trials
included into our review, the conditions in which the restoration were placed were not reported
to differ between ART and CT in terms of contamination control. Higher rates of partly or
completely loss of restorative material in ART restorations might also be the result of a reduced
adhesion of the restoration to caries affected areas of the cavities prepared according to ART
principles

30

. This adhesion may be of importance especially in root caries, where retentive

cavity preparation is not always possible (considering the often saucer-shaped cavities).

Another main reasons for failure of ART root caries restorations were marginal defects. The
press finger technique and the lack of polishing, as part of the ART procedure, may result in
rougher restoration surfaces and margins, which can act as plaque retention areas

30

. Given

the highly cariogenic conditions in frail older people, eliminating such areas may be important
for the clinical success of restorations. Further trials should assess whether greater efforts in
furbishing ART restorations can improve their survival.

Based on TSA, firm evidence of our findings was not reached for any scenario (except the
best-case (for CT) scenario, which represents an extreme situation unlikely to have occurred).
Hence, TSA indicates great uncertainty of findings: even for the more realistic PP-scenario,
where we found a significantly increased risk of failure for ART restorations according to the
meta-analysis, TSA revealed that this result might be spuriously significant. However, TSA
calculated a RIS of 931 of treated lesions to reach firm evidence for this scenario. Given that
423 lesions from the RIS have already been treated in the 4 included trials, the number of
lesions needed to treat to reach firm evidence seems manageable. It should be noted that we
did not account for clustering in our analyses, as the unit of calculation in our study was the

lesion and not the patient. Accounting for such clustering may further widen the confidence
intervals, i.e. aggravate uncertainty.

Our review has further limitations. First, only three RCTs were included. These studies
demonstrated some heterogeneity in terms of clinical technique and the clinical environment
where the treatment took place. In particular, different types of GICs were used for the
placement of ART restorations. It is clear that the type of restorative material may impact
restoration survival. However, ART restorations performed worse compared to CT (which were
all placed using RMGIC) throughout all included trials irrespective of the GIC type used. This
indicates that the ART approach might be generally associated with an increased risk of failure
in root caries restorations irrespective of which restorative material has been used. One of the
included trials used CHX as cavity pretreatment. This treatment step is usually applied before
placing resin-based restorations. However, its a clinical effect on adhesively placed
restorations is still unclear 31. For GIC, no clinical data is available supporting or prohibiting its
use prior placement of a restoration. We further did not set a maximum age of participants as
exclusion criteria to potentially improve a homogeneous distribution of risk factors between
patients. Given that all trials were predominantly performed in almost similar geriatric settings
and all trials were randomized we assumed that such risk factors were balanced within and
across trials. The included trials had different follow-up periods ranging from 6 to 24 month.
Pooling these data allows to draw conclusions about the relative effect of the two interventions
in general. However, for reviews with a high number of studies, subgroup analyses according
to follow-up period may be performed, while in reviews with only limited included studies (as
ours), such subgrouping is usually not particularly useful and even prone for erroneous
conclusions due to lacking power. Second, all included studies reported large attrition rates,
which is also expectable given the age of the study population and their life expectancy. We
explored the relevance of this attrition by performing scenario analyses and found that
depending on the assumed scenario, everything (from benefits of CT to possible benefits of
ART) seems possible. Further trials should account for the expectedly high attrition rates in

the target population in their power calculation. Third, the failure rates of both ART and CT
restorations was high, which illustrates the challenges of restoring root caries lesions in
institutionalized older patients

32

and calls into question if restorative approaches in these

situations are generally an appropriate therapy. Alternative non-invasive treatment options
(e.g. application of Silver Diamine Fluoride (SDF)) may be effective for managing root caries
lesions without restoring them

33,34

. However, the effectiveness of SDF versus restorations of

root lesions has not been assessed yet (as it is still uncommon to compare non-invasive and
invasive caries management strategies 35). Fourth, a simple search strategy was used for the
searching the electronic databases. However, as we also performed cross-referencing from
included RCTs and other systematic reviews, it might be unlikely that relevant publications
have been missed. Fifth, this review was not registered. One main goal of registering
systematic reviews is to avoid unplanned duplication of reviews. So far, we did not identify
reviews with the same direction as ours. Last, assessing restoration failure as a surrogate for
the clinical effectiveness of the treatment might be debatable, especially in light of the demands
of institutionalized older people. Other parameters might be more important for the quality of
life of this population group, and patient-related outcomes should be collected by future studies
36

.

Conclusion
This systematic review and meta-analysis found no compelling evidence to support either ART
or CT for restoring root caries lesions in older adults. However, based on the limited number
of included trials, CT may be more efficacious than ART for this purpose. As only a limited
number of patients is needed to reach firm conclusions on the efficacy of ART versus CT,
future trials seem worthwhile.
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