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Abstract
Objectives Maintaining pulpal vitality and achieving long-term
restoration success are challengingwhen treating advanced caries
lesions. We aimed at assessing success, survival, and influencing
factors of treating advanced lesions in general dental practice.
Methods Patient record databases from six practices in Ger-
many were assessed. Permanent posterior teeth with lesions
radiographically extending into inner dentin with sensible
(vital) pulps were retrospectively evaluated. Outcome param-
eters were success (absence of re-treatment) and survival (ab-
sence of extraction). Mean success/survival times were esti-
mated, and effect of treatment modifiers assessed using Lee,
Wei, and Amato (LWA) regression.
Results Two hundred thirty-two patients (308 teeth) were
assessed. Lesions (93 %) included proximal surfaces. Eight
teeth showed preoperative intermitting or provocation pain.
Thirty four % of teeth experienced pulpal exposure during ex-
cavation. Mean follow-up time was 74 months. Mean success
timewas 130months. Teeth (142/308) required re-interventions,

mostly due to secondary caries and restorative or endodontic
complications. Only 13 teeth required extraction (mean survival
time 307months). Hazard of failure was significantly reduced in
younger patients (<40 years) (hazard ratio (HR) [95 % confi-
dence interval (CI)] 0.57 [0.35/0.91]) and teeth without preop-
erative pain (0.39 [0.17/0.90]). Compared with teeth receiving
amalgams, those restored using cements (2.44 [1.05/3.98]) or
composites (1.64 [1.15/2.38]) had higher risk of failure. Hazard
of extraction was higher in teeth with pulpal exposure (4.90
[1.36/17.7] or cement restorations (23.6 [5.56/100]).
Conclusion Teeth with advanced lesions had high risk of fail-
ure, while risk of extraction was low.
Clinical relevance Teeth treated for advanced lesions required
re-treatment frequently but were retained long term. Age,
pulpal exposure, and restoration type were associated with
risk of failure or extraction.

Keywords Dental caries . Direct capping . Practice-based
research . Pulpal vitality . Success . Survival

Introduction

The treatment of advanced caries lesions in teeth with vital
pulps is challenging. Due to high risk of pulpal exposure and
pulpal complications [1, 2] as well as limited longevity of the
placed, extensive, and deep restorations [3], both treatment
success and survival are limited [4, 5].

There are only few studies following teeth with advanced
lesions after restorative treatment in general dental practice,
mostly after stepwise excavation [6, 7]. Such data allows to
estimate the long-term treatment success and survival of teeth
and placed restorations as well as to investigate the effects of
potential treatment modifiers. The present study retrospectively
assessed the success (absence of re-treatment) and survival
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(absence of extraction) of permanent posterior teeth with initial-
ly vital pulps which received treatment for advanced caries
lesions in general dental practices in Germany.

Methods

Data sources

This study retrospectively assessed patient record databases from
general dental practices in Northern and Eastern Germany. A
convenience sample of dental practices was chosen according
to practice location and the willingness and ability of dentists to
participate and provide access to their records. Only practices
which existed minimum 10 years and had both clinical and
radiographic records fully available for this time period were
included.

Overall, six dentists (five males, one female; mean age at
treatment 49 [range 31–63] years) from five different places
(one small town, two medium-sized cities, one large city, and
one metropolis) were included. Approval for database screen-
ing and anonymous data extraction was given by the ethics
committee of the CAU Kiel (D-414/14). Screening was per-
formed between April 2014 and January 2015.

Databases included clinical records and radiographs (bite-
wings and/or peri-apical), with digital or analogue radiographs
being available, as well as claim data. All available records and
radiographs from 1980 onwards were screened manually and/or
using software. We included permanent posterior teeth with car-
ies lesions radiographically extending into the inner half of the
dentin with vital pulps (positive sensibility test was ascertained
by records, and sensibility test performance double-checked via
claim data), without spontaneous or permanent pain or sensitiv-
ity to percussion. Radiographic depth was assessed by measur-
ing the distance from the enamel-dentin junction to the pulp
through the center of the lesion. To avoid confusion of buccal
or oral lesions with advanced occlusal-proximal lesions, clinical
records were used to ascertain lesion location.

Treatment and data extraction

Treated teeth were premolars or permanent molars. Given the
nature of this study, no formal calibration of the participating
dentists was possible. Dentists thus used their standard routines
with regards to caries removal and restorative procedures and
the wider dental care of their patients. Caries lesions were most-
ly excavated using complete excavation according to the den-
tists, usually aiming for only hard dentin remaining on the
cavity floor. Stepwise excavation was not performed. Cavities
were either lined after excavation, or not, and received various
restorations. The type and manufacturer of lining and restora-
tion material were recorded. None of the practices used rubber
dam. For teeth with pulpal exposure during excavation, direct

capping had been provided in all but two cases, which received
immediate root canal treatment. Five dentists had stated to use
lining or perform direct capping without using any further cov-
erage of the lining/capping material (usually calcium hydrox-
ide), i.e., restorations were placed directly onto the liner/cap.
One dentist covered calcium hydroxide with a flowable com-
posite before further restoration. Any follow-up treatment was
extracted from the databases and, if possible, substantiated by
radiographs. Restorative follow-up treatments were usually per-
formed via restoration renewal, not repair by all but one dentist.

Data was extracted by one reviewer (HK) using a pilot-tested
spreadsheet, with continuous, ordinal, and nominal/binary data
being recorded. Continuous or ordinal data was transformed into
binary data if required for further statistical evaluation. The fol-
lowing items were extracted: practice; time of treatment; pa-
tient’s gender, age, and insurance status (publically/socially or
privately insured); treated teeth and their location (dental arch,
tooth type) and preoperative status (no pain/ mild or intermittent
pain or pain on provocation), lesion site (occlusal/occlusal-prox-
imal), and extension (restored surfaces); type of cavity liner used
(none, resin-modified glass ionomer, calcium hydroxide, antibi-
otic lining), occurrence of pulp exposure, used restoration mate-
rial (amalgams, composite resins, indirect restorations, glass
ionomer, or zinc/phosphate cements); events (endodontic com-
plications including pain and swelling, restorative complications
including secondary caries and fracture, periodontal or other
non-related complications) or last follow-up without event
(censoring); and provided treatments (re-restoration/repair, end-
odontic or periodontal treatment, extraction). If teeth were
retained, they were followed up beyond re-treatment as far as
records allowed to estimate survival.

Data extraction was controlled for completeness by a sec-
ond reviewer (FS), and missing data was retrieved by re-
visiting the records. Plausibility was controlled independently
by the two reviewers; in case of disagreement, consensus was
sought by discussion.

Statistical analysis

The unit of statistical analysis was the individual patient allowing
for multiple affected teeth per patient, i.e., clustering within pa-
tients. This is done using the so called Lee, Wei, and Amato
(LWA) model for clustered survival data [8], which is an exten-
sion of the Cox proportional hazards model. Outcome parame-
ters were success (absence of any interventions, i.e., no re-treat-
ment) and survival (absence of extraction, i.e., tooth was
retained). Success was determined by the time the first re-
intervention was provided, while survival was determined by
tooth removal regardless of any previous re-treatments. To esti-
mate mean success and survival times, Kaplan-Meier curves
were calculated.

To test for effects of potential treatment modifiers, multi-
variable LWA regression was used, with variables being
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entered stepwise if p<0.100. Model fit was assessed using the
likelihood ratio test statistic (LRS). Exponentiated regression
coefficients (hazard ratios (HRs)) and 95 % confidence inter-
vals (CIs) were used as effect estimates. Statistical signifi-
cance was assumed if p≤0.05. These calculations were per-
formed with SAS 9.4, proc phreg.

Results

Two hundred thirty-two patients (mean age 28, 47 % male,
53 % female) with 308 posterior treated teeth (38 %

premolars, 62 % molars) were assessed. Treatments were pro-
vided between 1980 and 2012 and were unevenly distributed
between practices. The large majority of treated lesions in-
cluded proximal surfaces (93 %). For eight teeth, intermitting
mild pain or pain on provocation was recorded. Restorations
mostly involved two or three surfaces and used amalgam
(47 %) or composite resin (33 %) (Table 1). Cavity lining
was usually performed (81 %). Of teeth, 34 % experienced
pulpal exposure during excavation. Mean follow-up time was
74 (range 0–333) months.

From all 308 teeth, 142 required any kind of invasive in-
tervention during follow-up (Table 2), with mean success time

Table 1 Treated patients, teeth,
and provided treatments Patients

Patients’ age Mean 28 (range 11–78, quartiles 20/33) years

Patients’ gender Male 110/232 (47 %)

Female 122/232 (53 %)

Patients’ insurance status Public 218/232 (94 %)

Private 14/232 (6 %)

Year of treatment Mean 2003 (range 1980–2012, quartiles 1997/2007)

Treated teeth

Teeth per patient Mean 1 (range 1–7, quartiles 1/2)

Teeth per practice Mean 45 (range 7–107, quartiles 18/91)

Dental arch Maxilla 170/308 (55 %)

Mandible 138/308 (45 %)

Tooth First premolar 31 (10 %)

Second premolar 86 (28 %)

First molar 119 (39 %)

Second molar 68 (22)

Third molar 4 (1 %)

Site Occlusal 21/308 (7 %)

Occlusal-proximal 287/308 (93 %)

Surfaces One surface 12/308 (4 %)

Two surfaces 158/308 (51 %)

Three surfaces 106 /308 (34 %)

Four surfaces 32/308 (11 %)

Treatments

Used liners None 58/308 (19 %)

Calcium hydroxide 165/308 (54 %)

Antibiotic 81/308 (26 %)

RM-GIC 4/308 (1 %)

Pulpal exposure No 203/308 (66 %)

Yes 105/308 (34 %)

Placed restorations Amalgam 152/308 (47 %)

Composite resins 100/308 (33 %)

Indirect restorations 11/308 (4 %)

Interim restorations (RM) GIC 30/308 (9 %),
zinc/phosphate cement 15/308 (5 %)

In parentheses: % of total
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being 130 months. Risk of failure differed between practices
(Fig. 1a). Re-interventions were usually required due to sec-
ondary caries or restorative failures (54 %) and endodontic
complications (37 %, Fig. 1b). Different materials
showed different risk of failures (Fig. 1c). Only 13 teeth
required extraction during follow-up. Mean survival
time was 307 months (Fig. 1d). Reasons for extraction
were usually endodontic or periodontal complications/
need to re-treat (Table 2, Fig. 1e). Survival differed
between differently restored teeth (Fig. 1f).

Regression analysis found hazard of failure significantly
reduced in younger (<40 years) patients (HR [95 % CI] 0.57
[0.35/0.91]) and teeth without any pain before treatment (0.39
[0.17/0.90]). Compared with teeth receiving amalgam resto-
rations, those restored using cement (2.44 [1.05/3.98]) or
composite (1.64 [1.15/2.38]) were at higher risk of failure
(Table 3). Hazard of extraction was nearly fivefold increased
in teeth treated for pulpal exposure (4.90 [1.36/17.7]. For teeth
restored using interim materials (glass ionomer cement (GIC)
or other cements), this hazard was even greater (23.6 [5.56/
100]) compared with amalgam restorations (Table 3).

Discussion

The present study assessed the success and survival of
posterior permanent teeth with vital pulps after treat-
ment of advanced caries lesions. Overall, treatments
from six general dental practices were evaluated, which

had been provided by dentists from different locations,
ages, and professional educations. Thus, this study al-
lows to estimate the long-term treatment success and
survival of teeth treated for advanced lesions, as well
as to investigate the effects of treatment modifiers under
selective routine dental care in Germany.

The mode of data extraction—with claim data, clini-
cal records, and supporting radiographs being used—re-
duces ascertainment bias and increases the robustness of
this dataset. However, the performed retrospective anal-
ysis has limitations. First, fully ascertaining the recorded
clinical status (e.g., preoperative pulpal status) is diffi-
cult, and data which would be recorded in prospective
studies (like caries risk or socioeconomic status of the
patient) are often not available. We confirmed the per-
formance of sensibility tests by claim data. Second,
treatments were not provided at random, with indication
bias being likely (e.g., GIC or other cement restorations
are more often placed in teeth with questionable prog-
nosis than composites or indirect restorations). In that
sense, interpretation of potential treatment modifiers
should be performed with caution, as the underlying
differences might be caused by both individual treat-
ment decisions and disease-related factors. For example,
dentists and patients might aim to delay invasive re-
treatments in younger patients longer than in older pa-
tients [9]. Third, dentists were not chosen at random but
by convenience sampling according to practice location
and willingness to participate. That heavily biases our
sample, as both this willingness and the fact that we
chose these practices might be indicators for confound-
ing. However, getting access to practice records is dif-
ficult, and sampling at random would likely introduce
non-response bias, which might similarly impact on our
results. Our findings therefore do not claim representa-
tiveness but describe the outcomes of treatments for
advanced lesions in selective routine care. Fourth, attrition
might confound our results, as patients not returning could
have had undetected needs due to absence of symptoms
(e.g., undetected loss of vitality) or could have experienced
clinical complications and had them mended elsewhere.
Thus, censoring might not reflect the true risks of compli-
cations. Last, the present study is clustered, with dental
practices and patients acting as clusters. We accounted for
this clustering using an extension of the Cox model, i.e., the
LWA model. Moreover, the sample size per practice varied
greatly, with our results being unequally determined by the
included studies.

The prevalence of advanced and deep lesions has been
assessed in a Swedish population of adolescents, with
22 % of 14- and 15-year olds having untreated deep le-
sions or deep restorations [10]. The prognosis of teeth
with deep restorations is thought to be compromised due

Table 2 Number of failures (any re-interventions, i.e., no success) and
extractions (need for extraction, i.e., no survival) in different practices,
mean success or survival times, and complications

Failures
(no success)

Extractions
(no survival)

Events/total 142/308 (46 %) 13/308 (4 %)

Mean success/survival time 130 307

Practices

Practice 1 32/47 (28 %) 5/47 (11 %)

Practice 2 56/107 (52 %) 5/107 (5 %)

Practice 3 22/38 (58 %) 2/38 (5 %)

Practice 4 4/18 (23 %) 0/18 (0 %)

Practice 5 3/7 (43 %) 0/7 (0 %)

Practice 6 25/91 (27 %) 1/91 (1 %)

Complications

Caries/ restorative 76/142 (54 %) 1/13 (8 %)

Endodontic 53/142 (37 %) 6/13 (46 %)

Periodontal/other non-related 8/142 (5 %) 5/13 (39 %)

Not given 5/142 (4 %) 1/13 (8 %)

In brackets: % of total
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to pulpal exposure or, in teeth without exposure, postop-
erative pulpal or restorative complications [1, 5, 11]. The
present study is one of few to quantify both success and
survival specifically of teeth with advanced lesions treated
in general dental practice. After 10 years, 44 % of the
followed teeth were free of any complications. The
resulting annual failure rate is significantly higher than that
reported for teeth with mostly non-deep lesions or restora-
tions in general practice [12, 13]. It is also higher than

that of teeth which had received endodontic treatment in a
primary care setting [14]. In our study, the majority of
failures (as indicated by provided re-treatments) were re-
storative or endodontic. Mean time until failure was
130 months (11 years), which is relatively long, but dif-
fered greatly between practices. When translating re-
treatment into survival, only very few teeth were lost over
a mean of 74 months, which demonstrates the ability of
retaining teeth when providing appropriate follow-up

Fig. 1 Kaplan-Meier curves for
success (a–c) and survival (d–f).
Success was determined by
failure, which was defined as any
invasive re-treatment. Risk of
failure differed significantly
between practices (a, different
colors: practices) and was due
restorative, endodontic, or
periodontal/other interventions
(b, different colors: reasons for re-
treatment). Teeth which received
different restorative materials (c,
different colors: materials) had
significantly different success
times. Survival was determined
by extraction and did not differ
significantly between practices
(indicated by different colors) (d).
Extraction was required due to
various reasons (e) and differed
significantly between teeth
restored using different
materials (f)
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dental care. Reasons for extractions were mostly endodon-
tic or non-related to the advanced lesion (periodontal, oth-
er). Extraction due to restorative complications was rare.
In conclusion, the chances of retaining teeth with exten-
sive and deep restorations are higher than expected, if
dentists provide tooth-retaining therapies.

We evaluated the impact of potential factors on treatment
success or survival. First, teeth which had received glass
ionomer or other cement restorations showed significantly
higher risk of failure and extraction. While this might reflect
indication bias, there is evidence that especially older glass
ionomers might be inferior to other restorative materials
[15]. Moreover, success was significantly lower for compos-
ites than amalgams, which might be due to treated patients
having high caries risk (as indicated by the presence
of an advanced untreated lesion). For those patients,
composites have been shown inferior to amalgam in
another practice-based study [12]. Moreover, many teeth
received a cavity lining (mostly calcium hydroxide) be-
fore placing the composite, which might increase risk of
failure [16], especially if no further coverage of the
calcium hydroxide was attempted prior placing the com-
posite restoration (as was the case for most teeth). We
also found a trend of lower risk of failure of indirect
versus direct restorations, which is expectable especially
in extensively restored teeth [17–19]. Third, younger
patients were at lower risk of failure, possibly reflecting
the different pulpal conditions in younger versus older
patients [20]. Last, we found pain and pulp exposure to

significantly impact on success and survival, respective-
ly. Teeth with intermittent or provocation pain received
re-treatment significantly more often than those without,
confirming reports that preoperative mild pain reduces
success [21, 22].

Teeth with pulp exposure had been extracted significantly
more often. Pulp exposure and subsequent direct capping have
been shown to predict failure in previous studies [5, 20, 23]
and to impact on tooth retention long term [24, 25]. The risk of
pulp exposure was in accordance with that reported by ran-
domized trials for those arms, where dentists aimed to
Bcompletely^ remove all carious dentine in advanced lesions
[11].

In conclusion, the present retrospective practice-based
study found vital teeth with advanced caries lesions to
have relatively high risk of failure, i.e., teeth frequently
required re-treatments. Risk of failure varied between prac-
tices and was significantly higher in older patients, in
teeth restored using glass ionomer or other cement as well
as composite restorations, and for teeth with preoperative
pain. In contrast, risk of extraction was low, as provided
re-treatments allowed to retain teeth long term. Risk of
extraction was increased in teeth with pulp exposure dur-
ing excavation and those restored using cements. While
caution is required when interpreting these data due to
the associated high risks of bias, avoiding pulpal exposure
and immediately placing definitive restorative materials
could increase the chances of successfully treating and
retaining vital teeth with advanced caries lesions.

Table 3 LWA regression analysis

Risk of failure (no success) Risk of extraction (no survival)

Not included Included Not included Included

Model fit (−2 log likelihood) 1699 24

Gender (ref male, n=110) p=0.790 p=0.915

Age (ref 40+, n=36) 0.57 (0.35/0.91); p=0.018 p=0.157

Insurance (ref public, n=218) p=0.754 p=0.125

Dental arch (ref maxilla, n=170) p=0.962 p=0.99

Tooth (ref premolar, n=117) p=0.947 p=0.651

Surfaces (ref <3, n=170) p=0.347 p=0.826

No pain (ref mild pain/pain on provocation, n=8) 0.39 (0.17/0.90); p=0.027 p=0.764

Pulp exposure (ref no, n=203) p=0.556 4.90 (1.36/17.7); p=0.015

Liner used (ref no, n=58) p=0.275 p=0.850

Composite (ref amalgam, n=152) 1.64 (1.15/2.38); p=0.007 0.84 (0.15/4.69); p=0.845

Indirect restoration (ref amalgam, n=152) 0.51 (0.20/1.29); p=0.153 1.92 (0.21/17.5); p=0.561

Interim restorations (GIC or other cements; ref amalgam, n=152) 2.44 (1.05/3.98); p<0.001 23.6 (5.56/100); p<0.001

Variables significantly contributing to the model are highlighted in bold. For variables included in the model, exponentiated regression coefficients
(hazard ratios) and 95 % confidence intervals (in parentheses) are given. Reference variables are given in brackets

n number of teeth
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