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Zusammenfassung

Einleitung: Bei der Behandlung von partiell insuffizienten zahnarztlichen Restaurationen
stehen grundsatzlich zwei Handlungsalternativen zur Verfigung: Die vollstandige
Erneuerung der gesamten Restauration oder die Reparatur der insuffizienten Anteile
unter Belassung des Grofteils der bestehenden Restauration. Durch Reparatur-
malnahmen kann die Uberlebenszeit des betroffenen Zahnes verlangert werden.
Reparaturen sind mit einem geringeren Zeitaufwand, einem geringeren Risiko von
Komplikationen sowie oftmals geringeren Kosten verbunden. Unklar ist jedoch, ob und
warum Reparaturmal3nahmen von Zahnarztinnen durchgefuhrt bzw. von Universitaten
gelehrt werden. Daher war es das Ziel, den Anteil an (1) Zahnarztinnen, die Reparatur-
restaurationen anfertigen, (2) Restaurationen, die tatsachlich repariert wurden, und (3)
Universitaten, die Reparaturrestaurationen lehren, sowie die bei der Entscheidungs-

findung jeweils relevanten Einflussfaktoren zu ermitteln.

Methodik: Die elektronischen Datenbanken PubMed, CENTRAL, Embase und PsycINFO
wurden per vorab definierten Kriterien durchsucht. Daten aus quantitativen sowie
qualitativen Originalarbeiten mit Informationen Uber den Anteil von (1) reparierenden
Zahnarztinnen, (2) tatsachlich reparierten Restaurationen und/oder (3) Reparaturen
lehrenden Universitaten wurden unabhangig von drei Reviewern extrahiert. Im Rahmen
der anschlielenden Auswertung dienten Meta-Analysen und Meta-Regressionen der
quantitativen Synthese. Entlang des Theoretical Domains Frameworks wurde zudem
eine thematische Analyse der qualitativen Aspekte bei der Entscheidungsfindung
synthetisiert.

Ergebnisse: Insgesamt konnten 29 der 401 identifizierten Publikationen eingeschlossen
werden (Uberwiegend quantitative Fragebogenerhebungen). Dabei wurden insgesamt
Daten von 7.228 Zahnarztinnen, 30.172 behandelten Restaurationen und 276
Universitdten ausgewertet. Durchschnittlich gaben 72% (95%-Konfidenzintervall:
50-86%) der befragten Zahnarztinnen an, partiell insuffiziente Restaurationen zu re-
parieren. Es konnte diesbezuglich festgestellt werden, dass der Anteil der reparierenden
Zahnarztinnen in neueren Erhebungen signifikant héher ausfiel (p = 0,004). Bei der
Betrachtung der tatsachlich reparierten (partiell) insuffizienten Restaurationen fiel
der Anteil der Reparaturen mit nur 31% (95%-Konfidenzintervall: 26-37%) deutlich
geringer aus. Im Hinblick auf die Lehre von Reparaturmalinahmen gaben 83%



(95%-Konfidenzintervall: 74-90%) der befragten Universitaten an, Reparaturmaf3nahmen
zu lehren. Insgesamt erhohte sowohl die Anstellung in Praxen des Ooffentlichen
Gesundheitsdienstes als auch der Umstand, die (partiell) insuffiziente Restauration selbst
angefertigt zu haben, die Wahrscheinlichkeiten, dass Reparaturmalinahmen zur
Anwendung kamen. Bestehende Amalgamrestaurationen reduzierten hingegen diese
Wahrscheinlichkeit. Finanzielle Aspekte sowie Regulationen stellten weitere
Hinderungsgrinde dar.

Schlussfolgerungen: Die meisten der befragten Zahnarztlnnen gaben an, Reparaturen
anzufertigen. Auch der Uberwiegende Teil der befragten Universitaten lehrt
Reparaturrestaurationen. Der Anteil an tatsachlich durchgefluhrten Reparaturen fiel
dagegen gering aus. Bei weiteren Studien auf diesem Gebiet sollten echte qualitative
Methoden eingesetzt werden, um die zahnarztlichen Entscheidungsfindung im Hinblick

auf die Anwendung von Reparaturmal®nahmen noch genauer zu verstehen.



Abstract

Introduction: When treating partially defective dental restorations, two alternative options
exist: Complete replacement of the entire restoration or repair of the insufficient part.
Repair restorations can prolong the survival time of the affected tooth, require less
treatment time, and are associated with a lower risk of complications and often lower
treatment costs. It is unclear, however, whether and why repairs are implemented by
dentists or taught at universities of different countries. Therefore, it was the objective of
the present study to assess the proportion of (1) dentists practicing repair restorations,
(2) restorations that were actually repaired, and (3) universities teaching repair measures

as well as to identify factors relevant for the decision making.

Methods: Electronic databases (PubMed, CENTRAL, Embase, PsycINFO) were
searched by means of predefined search criteria. Quantitative and/or qualitative studies
reporting on the proportion of (1) dentists stating to perform repairs, (2) actually repaired
restorations, and (3) dental schools teaching repairs were included. For this purpose,
given data were extracted independently by three reviewers and random-effects meta-
analyses as well as meta-regressions were performed for quantitative synthesis. Finally,
a thematic analysis of the qualitative aspects regarding the decision-making process was
conducted using the theoretical domain framework.

Results: A total of 29, mainly quantitative questionnaire surveys, of the 401 identified
publications were included; 7,228 dentists, 30,172 treated restorations, and 276
universities were analyzed. Seventy-two percent (95% confidence interval: 50-86%) of
the surveyed dentists stated to perform repairs. The proportion of dentists utilizing repairs
was significantly higher in more recent studies (p = 0.004). However, the proportion of
(partially) insufficient restorations that were repaired amounted to only 31%
(95% confidence interval: 26-37%). With regard to the teaching of repair measures, 83%
(95% confidence interval: 74-90%) of the surveyed dental schools indicated that they
teach repairs. Overall, both the employment in public health service practices and being
the dentists who placed the original restoration was associated with an increased
probability of repair measures. Existing amalgam restorations reduced the probability,

and financial aspects as well as regulations were barriers.



Conclusions: While most of the surveyed dentists indicated that they utilize repairs and
the majority of universities reported to teach restoration repair, the proportion of actually
performed repairs was low. Future studies should use true qualitative methods to further

analyze dentists’ decision-making processes with regard to repair measures.
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ARTICLE INFO ABSTRACT

Objectives: Repair instead of complete replacement is recommended to manage partially defective restorations. It
is unclear if and why such treatment is taught at dental schools or practiced by dentists. We aimed to identify
barriers and facilitators for repairs using a systematic review and meta- and qualitative analysis.

Sources: Electronic databases (PubMed, CENTRAL, Embase, PsycINFO) were searched.

Study selection: Quantitative studies reporting on the proportion of (1) dentists stating to perform repairs, (2)
dental schools teaching repairs, (3) failed restorations having been repaired were included. We also included
qualitative studies on barriers/facilitators for repairs. Random-effects meta-analyses, meta-regression and a
thematic analysis using the theoretical domains framework were conducted.

Data: 401 articles were assessed and 29, mainly quantitative, studies included. 7228 dentists and 276 dental
schools had been surveyed, and treatment data of 30,172 restorations evaluated. The mean (95% CI) proportion
of dentists stating to perform repairs was 71.5% (49.7-86.4%). 83.3% (73.6-90.0%) of dental schools taught
repairs. 31.3% (26.3-36.7%) of failed restorations had been repaired. More recent studies reported significantly
more dentists to repair restorations (p = 0.004). Employment in public health practices and being the dentist
who placed the original restoration were facilitators for repairs. Amalgam restorations were repaired less often,
and financial aspects and regulations came as barriers.

Conclusions: While most dentists state to perform repairs and the vast majority of dental schools teach repairs,
the proportion of truly repaired restorations was low. A number of interventions to implement repair in dental
practice can be deduced from our findings.

Clinical significance: Partially defective restorations are common in dental practice. While repairs are taught and
dentists are aware of the recommendation towards repairs, the actually performed proportion of repairs seems low.

Keywords:

Attitudes

Decision-making
Evidence-based practice
Experience

Minimally invasive dentistry
Restoration repair

1. Introduction

Partially defective dental restorations have traditionally been
managed via total replacement of the restoration. Alternatively, they
can be repaired by only replacing the defective part. Recent studies
have shown that repairs are able to significantly increase the lifetime of
restorations [1], and come with reduced treatment time, possibly lower
costs, and lower risks of complications than total replacements [2].
Repair of partially defective restorations prolongs tooth retention time
and is cost-effective in certain situations [3]. Repair is highly accepted
by patients as well [4,5].

A number of early survey studies, however, showed that a sig-
nificant proportion of dentists rejects repairs, and does not practice
them [6-8]. It is unclear if this gap between scientific evidence and
clinical practice is generally present across countries, or whether it has

narrowed in recent years. It is also unclear if repairs are widely taught
at dental schools, and what further factors (beyond knowledge) are
affecting dentists’ decision towards repairs.

We aimed to systematically review survey studies and to analyze the
proportion of dentists/dental schools in different countries performing/
teaching repairs of partially defective restorations in permanent teeth.
A further objective was to identify potential barriers and facilitators
regarding dental restoration repair. On the basis of this information,
future implementation interventions might be developed and applied to
increase the utilization of repairs in dental practice.

2. Methods

This review was registered at PROSPERO (CRD42017063855) prior
to initiation. The reporting of this study is in accordance with the
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PRISMA and the ENTREQ statements [9,10].
2.1. Eligibility criteria

Observational studies which report on the proportion of (1) dentists
stating to perform repairs of partially defective restorations, (2) dental
schools teaching repairs, and (3) defective restorations having actually
been repaired (yielded via treatment data) were included. Additionally,
(qualitative) studies which report on barriers or facilitators for per-
forming repairs were assessed. These could have been interviews, focus-
group discussion, or ethnographic studies. We also gathered qualitative
data reported in surveys. There were no language, time, or quality re-
strictions. Grey literature was not searched, as we assumed the depth of
reporting to be too limited to allow synthesis.

2.2. Outcomes

The primary outcome of this review was the proportion of (1)
dentists stating to use repairs in practice, (2) dental schools teaching
repairs, and (3) defective restorations which had actually been re-
paired. Secondary outcomes were knowledge, attitudes, and behaviours
acting as barriers or facilitators of evidence-based decision-making re-
garding the management of partially defective restorations in perma-
nent teeth.

2.3. Information sources

Four electronic databases (Embase, Medline via PubMed, Cochrane
CENTRAL, and PsycINFO) were searched. In addition, further hand
searches were conducted and the reference lists of identified full texts
screened and cross-referenced.

2.4. Search strategy

For the database screening, the following strategy was used for
PubMed and individualized for the other databases: Search ((((repair)
OR refurbish) OR repolish) OR reseal) AND ((dental) OR dentists) AND
((((((filling) OR fillings) OR restoration) OR restorations) OR crown)
OR crowns) AND (((((((((((survey) OR questionnaire) OR interview) OR
discussion) OR attitudes) OR beliefs) OR knowledge) OR teaching) OR
teach) OR education) OR curriculum).

2.5. Study records

Three reviewers independently screened the identified records and
compared their findings. Duplicative studies, studies which were not
original, and studies without any relevant information were excluded
(Appendix Table S1). Data extraction was performed independently by
all reviewers using a pilot-tested spreadsheet. There were no dis-
agreements during screening or data extraction.

2.6. Data items

The following items were collected: Authors; year in which the
study was published; study type (e.g. questionnaire survey, secondary
data analysis using treatment or claims data, qualitative study); sam-
pling method and sample size, characteristics of the dentists being in-
vestigated (country and demographics) or the dental schools evaluated
(country); scenario in which repair or replacement was to be decided or
actual treatment situation (including original restoration materials) in
which the decision to repair or replace was made; the proportion of (1)
dentists stating to perform repairs, (2) dental schools teaching repairs,
and (3) defective restorations having been repaired; barriers and fa-
cilitators for teaching/performing repairs (see below for thematic
analysis).
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2.7. Data synthesis

Meta-analyses of the proportions were performed using
Comprehensive Meta-Analysis 3.3.070 (Biostat, NJ, USA). Cochrane’s Q
and I-statistics were used to assess heterogeneity [11]. Since hetero-
geneity was found high, random-effect models were used. To assess
potential changes of the proportions through the years, meta-regression
using the maximum-likelihood method was performed [12,13]. Bon-
ferroni correction was performed to adjust for alpha-inflation; as we
performed three meta-regression analyses, p < 0.05/3,i.e.p < 0.017
was regarded as significant. Publication bias was evaluated using funnel
plots as well as Egger’s regression intercept test [14].

All included studies were quantitative in nature and did not employ
truly qualitative methods. We nevertheless aimed to extract qualitative
data, like remarks on barriers or facilitators made by the participants or
the authors. These were synthesized using thematic analysis. Themes
were abstracted by one reviewer (PK) and relationships between them
identified [15]. Themes were then compared, grouped, and translated
into the domains and constructs of the theoretical domains framework
(TDF) [16,17]. Themes were classified as barriers, facilitators, or con-
flicting themes [16,18,19]. In order to improve the usability of the
present study for further implementation of repairs, findings were
subsequently aligned with domains of the Behavior Change Wheel [20].
To gauge the relative importance of the identified barriers and facil-
itators, frequency effect sizes (ES) were calculated by dividing the
number of studies containing a particular theme by the total number of
included studies reporting on dentists stating to perform repairs or
treatment of failed restorations [21].

2.8. Quality assessment and confidence in data

Quality assessment of the included studies was based on the mod-
ified Newcastle-Ottawa Scale for cross-sectional studies, as described in
the appendix (Appendix Table S2). Quality was assessed by one re-
viewer (PK) [22]. The assessment was validated by another reviewer
(GG). The scale allowed for a maximum of 10 points (“stars”). Studies
with high risk of bias were judged with 0-3, moderate risk resulted in
4-6 points, and low risk of bias in 7-10 points.

3. Results
3.1. Search and included studies

In total, 274 articles were identified via PubMed, 79 via Embase, 42
via PsycInfo, and 6 via Cochrane CENTRAL. Additionally, 5 articles
were identified via cross-referencing and hand search. From all iden-
tified articles, 35 were screened in full-text and 29 included (Appendix
Fig. S1). Details on excluded studies can be found in the appendix
(Appendix Table S1).

Twenty-four of the included studies were surveys and five studies
reported on collected treatment data. From the survey studies, 12 re-
ported on the proportion of dentists stating to perform repairs (Table 1)
and 12 on the proportion of dental schools teaching repairs (Table 2). A
total of 7228 dentists and 276 dental schools had been surveyed. Stu-
dies were published between 2002 and 2017. Sample sizes ranged be-
tween 24 and 2026 dentists, or 6 and 52 dental schools. Response rates
ranged between 28% and 100% (mean 76%). Among the survey studies
reporting on the proportion of dentists stating to perform repairs, five
studies used a scenario comprising description of cases or the teeth/
restorations to be treated, including photographs, radiographs, and
information on the patient’s caries risk. The other 7 studies did not use a
scenario (6 studies) or did not clearly describe the scenario (1 study).
Additionally, the proportion of actually performed repairs was reported
by five studies, which had collected treatment data on 30,172 failed
restorations (Table 3).
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3.2. Study quality assessment

Risk of bias of included studies is shown in the appendix (Appendix
Table S3). Most of the included studies yielded representative samples
of dentists/dental schools. However, not a single study reported on

2
=
L)
=
5 g
2 g
- ]
=
i .. =
! = L >
£E g z g g g sample size calculations. The validity of the utilized surveys was not
(7 . . . . .
® “g 5 2 3 £l E g .8 assessed or published by the majority of studies. Samples regarding
3] - < E=ER I . . . .
g 5 = 2‘7‘; g £ BEFE g § = dentists repair behavior had not always been drawn nationally and
= ‘T 7] @ 1<) L O = v 7] . . .
3 § ” B E sp g SESSEERE o 8 most non-response rates were high. Due to the design of survey studies,
s o = Bl g TS ETTEE % - . . .
=l g & R & £%E g é ES g ° 83 §E outcomes of these studies were only self-reported. Overall, risk of bias
< - 8 oI RE PR O & as i T . . . .
2| 885 E8E€-555%8= £2¢ 585353 was classified as high in 14 studies, moderate in 13 studies and low in 2
5| cEz° 89850 sudinEass studies
Ll LesggLEgEyEEe S g0 8s 88 .
% o I f oS3 XPFEEZRE L E 0SS
= 8 = 1] (2] [7) 15} -
S| E5ES2EEEcEEREEEEEEE
g g ToeSgA O RER OB RS g ° == TQ = 3.3. Meta-analyses and meta-regression
2| e = I =

Data of all 29 studies contributed to meta-analyses (Fig. 1). The
mean (95% CI) proportion of dentists stating to perform repairs was
71.5% (49.7-86.4%). The mean proportion of dental schools teaching
repairs was 83.3% (73.6-90.0%). The mean proportion of restorations
which had actually been repaired was 31.3% (26.3-36.7%). Statistical
and graphical analyses indicated the risk of publication bias (Appendix
Figs. S2-S4).

The proportions of dentists stating to perform repairs was sig-
nificantly associated with the year of study publication (Fig. 2), in-
creasing by 1.3% per year (p = 0.004). No significant association be-
tween year of study and the proportion of dental schools teaching
repairs or the proportion of actually repaired restorations was observed
(Appendix Figs. S5-S6).

Treatment decision
277/319 perform repairs

3.4. Reasons for repair

When performing repairs, dentists mainly aimed at extending the
longevity of an existing restoration (80.6%), tooth substance pre-
servation (69.0%), and reducing costs to their patients (51.5%),
Table 1. Most common reasons for teaching repair restorations were
tooth substance preservation (81.0%), promotion of minimal inter-
vention dentistry (56.3%), and reduction of potentially harmful effects
on the pulp (55.2%), Table 2.

Scenario/restoration materials

Amalgam + composite

3.5. Barriers and facilitators for repair

Identified barriers or facilitators as well as conflicting themes were

The proportion of dentists performing repairs for different scenarios or restoration materials were assessed. In addition, reasons (barriers, facilitators) for the decisions were recorded.

S

g i E mapped to a number of TDF domains and constructs, mostly on
'% % ;vr knowledge, social influence, environmental context, or beliefs and re-
R inforcement, covering all aspects of the Behavioral Change Wheel do-

E § zé mains (Table 4).
<8 g Knowledge was one of the most relevant domains. Fewer years since
*é T?, = é% dental school graduation were associated with higher proportion of
31| 5 § 3 Ea repairs, while age was ambiguously reported to affect the willingness to
repair. Consistent results were found within the skills domain. More
N experienced dentists seem to be more aware of repair restorations and
S g repaired more frequently while those with insufficient training or
glg missing knowledge regarding the necessary conditioning of surfaces did
g o not. Regarding the domain of memory, attention and decision pro-
°l° cesses, having been the dentist who placed the original restoration and
2 performing caries risk assessment were associated with increased
E numbers of repairs, while having had bad experience with repairs
E % worked as barrier. Social influences, reinforcement, as well as en-
g g vironmental context and resources seemed to impact on the decision to
repair. Larger practices facilitated performing repairs regularly. Being
< = situated in an area with a low dentist density and the associated low
é = financial competition was associated with higher frequencies of repairs,
§ = as was being a member of the dental associations. Beliefs about con-
E = § sequences seemed to guide decision-making, as specific patient or tooth
= 2| g related aspects (patient’s age, caries risk, frequency of dental appoint-
= ments, affected tooth, failure reason, original restoration material,
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number of restoration’s surfaces, size of defect, caries lesion depth)
impacted on dentists’ repair behavior.

Overall, employment in public health practices (frequency ES: 0.18)
and being the dentist who placed the now defective restoration were
the most frequently found facilitators to repair (frequency ES: 0.18).
Defective restorations being made of amalgam was the most frequently
stated barrier for repair (frequency ES: 0.29; Fig. 3).

4. Discussion

Our results indicate that most dental schools teach repairs but not
all dentists employ repairs as part of their own management of partially
defective restorations. Even more so, data collected from truly treated
defective restorations indicate that only a minority of all restoration
had in fact been repaired, while most were completely replaced. The
current management of partially defective restorations is thus only
limitedly in line with scientific evidence [3].

Our results further unambiguously show that amalgam restorations
are more frequently replaced and not repaired compared with compo-
site restorations. This observation might be explained by the fact that
generally, the placement of amalgam restorations might be less
common nowadays due to esthetic reasons, safety controversies, or
efforts to limit or even ban its use in dentistry [23,24]. Thus, both
dentists and patients might opt for removing these restorations rather
than for repairing them. However, after optimal mechanical and ad-
hesive surface conditioning, repairs of amalgam are possible and bond
strengths are clinically sufficient [25].

While more recent surveys yielded a higher proportion of dentists
stating to perform repairs based on self-reported data, this was not
confirmed when assessing (via treatment records) how defective re-
storations were actually managed. It is conceivable that dentists are
increasingly aware of what answers are expected from them in surveys
on this topic (especially as repairs are widely taught at dental schools),
while the associated behavior change from replacement to repair has
not taken place uniformly. It should, however, be noted that the meta-
regression analyses might have been underpowered, but also that we
have used year of study publication as proxy for year of study conduct,
which could have introduced some bias. More important, it could not
always be ascertained in hindsight if the restorations to be managed
where in fact partially or completely defective, i.e. candidates for re-
pairs or not. Thus, this analysis should be interpreted cautiously.

This study has a number of limitations. First, our results build on a
limited number of included studies, which were additionally very het-
erogeneous with regards to sample sizes, survey methods, and em-
ployed scenarios. Moreover, survey studies are prone to risk of selection
bias, with responding dentists not necessarily being representative for
all other dentists. Our analyses for possibly missing data (publication
bias etc.) also indicate that such distortions are likely. Second, out-
comes were mainly self-reported, with obvious risk of bias, as discussed
above. However, a recent study has compared the responses in ques-
tionnaires and actual treatment decisions regarding repair or replace-
ment of partially defective restorations and has found a high agreement
between both [26]. Third, we entered subgroups of dentists (i.e. stu-
dents/faculty, dentists from different countries, or different restoration
materials) separately into meta-analyses. This might lead to some dis-
tortion of the pooled proportions from meta-analyses [12]. Last, we
only extracted themes for our qualitative analysis from by-comments
made in reports of quantitative (survey) studies. Obviously, such data
do not have the depth required for fully understanding dentists’ deci-
sion making.

A number of recommendations can be drawn from this study. Future
research in this field should utilize qualitative research to yield a deeper
understanding of relevant barriers and facilitators. For example, our
qualitative findings are unlikely to represent all relevant themes and
new themes and concepts could emerge more easily in discussions or
focus groups. To enhance evidence-based management of defective

restorations which were replaced were associated with D2 (33/103)

or D3 (22/103) levels of caries depth (p = 0.001)

Facilitators for repairs were:
restorations which subsequently underwent repair were associated

with minimal caries depth (p = 0.001)
- composite or glass ionomer cement restorations, as restorations

consisting of composite or glass ionomer cement were more

frequently repaired (p = 0.001)

frequently repaired (p = 0.001)
- D2 or D3 levels of caries depth, as the majority of the failed

- amalgam restorations, as restorations consisting of amalgam were less
- minimal caries depth, as the majority (14/103) of the failed

Barriers for performing repairs were:

Reasons, barriers, facilitators

37/103 patients underwent

Treatment decision
repair

Scenario/restoration

materials
+ composite

Amalgam

All general dental practitioners in
North West of England, 13%
response, final 38 having treated
103 patients with failed restorations

Sample

Country, year
England, 2015

Treatment data

Method
collection

Javidi et al. [48]

Study

The proportion of dentists performing repairs for different scenarios or restoration materials were assessed. In addition, reasons (barriers, facilitators) for the decisions were recorded.

Table 3 (continued)
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(1)
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Proportion of dentists stating to perform repairs
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Study name % repair repair/ Random
(95% CI) total n weight (%)
Setcos et al. 2004 (students) 14.7 (9.3-22.4) */115 - 8.07
Setcos et al. 2004 (faculty) 14.5 (4.5-37.8) *119 . 7.16
Blum et al. 2005 77.3 (72.3-81.6) 242313 - 8.22
Gordan et al. 2009 22.1 (18.7-25.9) 113/512 = 8.24
Yousef et al. 2009 42.9 (35.4-50.8) 67/156 — 8.20
Abiodun et al. 2012 98.0 (74.9-99.9) 24/24 —= 4.72
Haeven etal. 2013 64.8 (60.5-68.8) 329/508 = 8.25
Fayyaz et al. 2015 65.5 (58.7-71.8) 131/200 —-— 8.21
Kopperud et al. 2016 248 (22.9-26.7)  502/2,026 [ | 827
Staxrud et al. 2016 89.6 (87.2-91.6) 657/733 -, 8.23
Kanzow, Hoffmann et al. 2017 97.8 (97.0-98.4) 1,765/ 1,805 - 8.20
Kanzow, Dieckmann et al. 2017 99.8 (98.6-1.00) 497 / 498 - 6.04
Maria et al. 2017 86.8 (82.7-0.91) 2771319 e 8.19
Total (random effects) 71.5 (49.7-86.4) -
Heterogeneity x?=1,857.3, df=12 (p<0.001); ’=99.4% 1
Egger's-test: p=0.06
0 Y%repair 100
Proportion of dental schools teaching repairs
Study name % Repair Repair/ Random
(95% ClI) total n weight (%)
Blum et al. 2002 93.3 (64.8-99.1) 14715 —_— 5.29
Blum, Mjér et al. 2003 95.0 (52.5-99.7) 9/9 —_— 3.27
Blum, Schriever et al. 2003 (England) 93.3 (64.8-99.1) 14/15 — - 5.29
Blum, Schriever et al. 2003 (Germany) 50.0 (31.0-69.0) 12/24 — . 11.50
Blum, Schriever et al. 2003 (Scandinavia) 95.0 (52.5-99.7) 9/9 D ——— 3.27
Gordan et al. 2003 712 (57.5-818)  37/52 —— 12.70
Toyo etal. 2011 92.9 (42.3-99.6) 6/6 _ - 3.21
Blum et al. 2011 88.0 (68.7-96.1) 22/25 —a— 9.02
Hasan et al. 2011 44.7 (17.9-75.1) 4/9 —_—— 8.41
Blum, Lynch, Schriever et al. 2012 88.2 (63.2-97.0) 15/17 —_— 7.57
Lynchetal. 2012 87.5 (74.8-94.3) 42 /48 — 11.15
Blum, Lynch, Wilson 2012 91.7 (58.7-98.8) 1712 —_— 5.23
Lynch etal. 2013 94.7 (70.6-99.3)  18/19 — = 5.34
Brunton et al. 2017 81.3 (55.3-93.8) 13/16 —_—— 8.74
Total (random effects) 83.3 (73.6-90.0) L 2
Heterogeneity x?=31.4, df=13 (p=0.003); ’=58.7% 1
Egger’s-test: p<0.01
0 Yrepair 100
Proportion of failed restorations having been repaired
Study name % repair repair/ Random
(95% ClI) total n weight (%)
Gordan, Riley, Worley, Gilbert 2012 (amalgam) 20.0 (18.9-21.1) 1,000/ 4,999 . 8.09
Gordan, Riley, Worley, Gilbert 2012 (direct tooth-coloured) 30.3 (28.8-31.9) 999/ 3,296 . 8.08
Gordan, Riley, Worley, Gilbert 2012 (indirect) 42.3 (38.5-46.2) 256 /626 E 3 7.86
Gordan, Riley, Geraldeli et al. 2012 (amalgam) 20.2 (19.1-21.3) 1,031/5,110 . 8.09
Gordan, Riley, Geraldeli et al. 2012 (direct tooth-coloured) ~ 30.3 (28.7-31.9)  1,012/3,342 ] 8.08
Gordan, Riley, Geraldeli et al. 2012 (indirect tooth-coloured)  38.6 (34.5-42.9) 195/ 505 - 7.79
Gordan, Riley, Geraldeli et al. 2012 (gold) 55.0 (48.2-61.6) 116/211 —-— 7.38
Gordan, Riley, Geraldeli et al. 2012 (unknown) 18.0 (14.2-22.7) 571316 -+ 7.30
Gordan et al. 2014 (amalgam) 43.8 (41.7-45.9) 943/2,155 [ ] 8.06
Gordan et al. 2014 (non-amalgam) 20.1 (19.1-21.1) 1,212/6,031 - 8.09
Heaven et al. 2015 26.8 (25.3-28.3) 931/3,478 . 8.08
Javidi et al. 2015 (amalgam) 20.5 (10.0-34.9) 9/44 - 465
Javidi et al. 2015 (composite) 36.6 (23.4-52.1) 15/41 —a— 5.20
Javidi et al. 2015 (cement) 72.2 (48.1-87.9) 13/18 —a 3.27
Total (random effects) 31.3 (26.3-36.7) ’
Heterogeneity x?=919.7, df=13 (p<0.001); ’=98.6% ]
Egger's-test: p=0.10
0 Y%repair 100

Fig. 1. The proportion (%) of (1) dentists stating to perform repairs, (2) dental schools teaching repairs, and (3) failed restorations having actually been repaired.
Wherever possible, subgroups of dentists (students/faculty, different countries, or different restoration materials) were separately entered into meta-analyses. Pooled proportions and
95% confidence intervals (bold) from random-effects meta-analyses are shown as diamonds. Heterogeneity was assessed using y>-test and I*-statistics and publication bias or small-study

effects were evaluated using Egger’s regression intercept test. * =

19 faculty members were in favor of repairs, n = total sample sizes.
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slope = 1.32% (95% Cl: 1.09 - 1.58%)
p=0.004

5.8

3.6

1.4

Logit %repair

-0.8

Fig. 2. Association between the year of study publication and
the share of dentists stating to perform repairs.

The regression line indicates a significantly increased share in
recent years (p = 0.004), with a mean (95% CI) slope of
1.32% (1.09-1.58%), i.e., the share increased with 1.3% per
year in mean.

2001 2003 2005 2007 2010 2012

Year

-0.4

2014

2016 2018

0.4  Fig. 3. Frequency effect sizes of extracted barriers and facilitators.

Facilitators

Public health practices

Having placed the original restoration
Low dentist density / rural area
Experience

Dental society membership

Barriers

Amalgam restorations

Larger restorations

Deep caries or multicaries presence
Insufficient training

Missing knowledge

Own bad experiene

Bad experience of other dentists
Longer time since dentists' graduation
Fractured restorations

Irregular dental appointments

Conflicting themes
Large group practices
Older dentist age
Specialization

Molars being insufficient
Older patient age

restorations, guidelines towards when and how to repair should be
established and reinforced. The promotion by peers (with presumably
higher peer pressure in large groups practices or practice research
networks) could be used on mid-level to improve implementation of
repairs. Healthcare services should establish financial incentives and
regulations to increase the number of performed repairs.

5. Conclusion
Dental schools teach repairs widely, but only about two-thirds of

dentists state to perform repairs. However, in recent years this pro-
portion seems to increase. Dentists’ decision-making regarding repairs
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Relative importance of identified barriers and facilitators are expressed as
frequency effect sizes by dividing the number of studies containing a particular
theme by the total number of included studies.

is affected by a range of factors, from their knowledge, over contextual
factors to systemic and oftentimes economic reinforcement mechan-
isms. Future studies should use also include qualitative elements to
yield a deeper understanding of barriers and facilitators towards re-
pairs. A number of interventions like establishing financial incentives,
altering healthcare regulation, or promotion by peers could be used to
facilitate repairs in dental practice.
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Mapping of identified themes to the COM-B system (capability, opportunity, motivation) of the Wheel of Change [20] and TDF domains and constructs [17].

COM-B TFD domain TDF constructs Identified facilitators (+), barriers (—), or Explanation References
conflicting themes (?)
Capability Knowledge - Knowledge (including - (+) fewer years since dental school Dentists with fewer years since dental  [4,23,31,46]
knowledge of condition/ graduation school have different knowledge and
scientific rationale) (?) age were taught repair restorations in
- Procedural knowledge dental school
- Knowledge of task
environment
Skills - Skills - (+) experience Experienced dentists are more aware [5,30]
- Skills development - (—) insufficient training of repair restorations
- Competence - (—) missing knowledge regarding the
- Ability necessary conditioning of surfaces to be
- Interpersonal skills treated
- Practice
- Skill assessment
Memory, Attention - Memory - (+) having been the dentist who placed  Dentists who placed the original [5,32,46,47]
and Decision - Attention the original restoration restoration have greater knowledge
Processes - Attention control - (=) own bad experience with repair regarding the clinical circumstances
- Decision making restorations and might be more confident in their
- Cognitive overload/ - (=) bad experience of other dentists own work
tiredness
Opportunity  Social influences - Social pressure - (+) low dentist density Low dentist density leads to less [4,7,23,46]
- Social norms - (?) large group practices (dentists financial competition, larger practices
- Group conformity participating in large group practices or  drive a different group dynamics and
- Social comparisons public health practices choose repairs facilitates change
- Group norms more often than dentists who participate
- Social support in solo or small group private practices)
- Power
- Intergroup conflict
- Alienation
- Group identity
- Modelling
Environmental - Environmental stressors - (+) public health practices Being paid for new restorations might [7,23,46]
Context and - Resources/material set an incentive to replace in private
Resources resources practices
- Organisational culture/
climate
- Salient events/critical
incidents
- Person x environment
interaction
- Barriers and facilitators
Motivation Social/Professional - Beliefs - (+) dental society membership Dentists who are society members [4,5]

Role and Identity

Beliefs about
Consequences

Reinforcement

- Professional identity

- Professional role

Social identity

- Identity

Professional boundaries
- Professional confidence
Group identity

- Leadership

- Beliefs
- Outcome expectancies

- Characteristics of outcome

expectancies
- Anticipated regret
- Consequents

valued/not valued,
probable/improbable)
Incentives

- Punishment

- Consequents

- Reinforcement

- Contingencies

- Sanctions

Organisational commitment

Rewards (proximal/distal,

- (?) specialization

- (+) older patient age
- (?) affected tooth

- (—) increasing size of defect (there is a

maximum size suitable for repair)
- (—) larger restorations

- (=) deep caries or multicaries presence

- (—) amalgam restorations
- (—) fractured restorations
- (=) irregular dental appointments

- (—) financial aspects, practice settings

might have different professional
identity which could act as facilitator.

The expected outcome might drive
some decisions (decisions are tailored
to teeth or patients based on different
expectations)

see above

[4,5,32,46-48]

[4,7,23,46]
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