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Restorative choices of
general dentists and
endodontic specialists
regarding endodontically
treated posterior teeth:
a survey study

100% direct

no preference

100% indirect

This chapter is based on the following paper:
de Kuijper MCFM, van den Breemer CRG, Nobel J, Gresnigt MMM, Cune MS. [Restoration
choices for endodontically treated posterior teeth]. Ned Tijdschr Tandheelkd. 2021;128:29-40.
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ABSTRACT

1. INTRODUCTION

Objectives: This survey was conducted among Dutch general dentists and endodontists
and investigated several restorative preferences for endodontically treated (pre)molars.

Tooth-related factors that influence tooth survival for endodontically treated teeth appear
to include the amount of remaining dental tissue,1 the number of adjacent teeth, 2,3 and
the location of the tooth in the dental arch.4 As far as the material and technical factors
are concerned, cusp coverage restoration5 and completion of the final restoration within
4 months of the endodontic treatment6 have a positive impact on survival.

Materials and methods: Between September 2019 and April 2020, a digital questionnaire
was sent to 976 dental practices and 103 endodontists. Eight clinical situations that
varied by type of tooth (molar or premolar) and the number of remaining walls (none,
1 or 2) were presented. Respondents were asked to indicate on a visual analogue scale
to what extent they would prefer a direct or indirect restoration. Depending on their
answers, several more specific questions were asked about their choice of material, cusp
coverage and the use of a post. The influence of the parameters and graduation year on
restorative preference was analysed with Friedman, chi-square and Fisher’s exact tests
and Generalized Estimation Equation regression analysis.
Results: The questionnaire was completed by 383 dentists and 33 endodontists. There
appeared to be no difference in restorative preference between molars and premolars.
General dentists leaned toward a direct composite restoration for two-walled teeth. As
soon as one wall was lost, the preference shifted towards an indirect restoration, whereas
endodontist were less outspoken about the type of restoration for single-walled teeth.
When general dentists leaned toward an indirect restoration, cusp coverage was indicated
more often than for direct restorations. Endodontists would cover the cusps more often
in the case of a two-walled defect, regardless of the type of restoration. In the case of
premolars, both practitioners more often opted for the use of a post. Between 51-53% of
the dentists and 93%-94% of the endodontists would choose a partial preparation over
a full crown preparation for endodontically treated single-walled (pre)molars. Dentists
graduated between 2010-2020 opted significantly more often for a partial preparation
for single-walled teeth as compared to dentists who graduated before 2010.
Conclusions: Tooth type did not influence restorative preference. Approximately half of
the dentists and the vast majority of the endodontists would choose a partial preparation
over a full contour crown preparation for endodontically treated single-walled (pre)molars.

Restoration of biomechanically compromised teeth after endodontic treatment with a full
contour crown is still a predictable choice of treatment.6,7 However, systematic reviews5,7
show that there is little evidence to support a preference for either direct or indirect
restoration due to a lack of randomized clinical trials.
In clinical practice the choice between direct or indirect restorations, therefore, appears
to depend on the personal preference of the dental practitioner.5 However, it is unclear
what determines this personal preference. This survey study investigated the influence
of various clinical parameters on the restorative preference of teeth in the posterior zone
after endodontic treatment among Dutch general dentists and endodontists.
The main aim of the study was to ascertain their preference for a direct or indirect
restoration. The type of tooth, the number of remaining walls and whether these are
supporting or not were assumed to be among the determining factors. When these
parameters are varied, several clinical scenarios can be conceived. Practitioners can then
make various choices concerning the technical execution of the restoration.
The primary outcome measure was the restorative preference of general dentists and
endodontists, given the null hypothesis that this preference was the same for the various
clinical scenarios presented.

2. MATERIAL AND METHODS
The study was conducted between September 2019 and April 2020. According to the
Koninklijke Nederlandse Maatschappij tot bevordering der Tandheelkunde (KNMT: Royal Dutch
Dental Association) and the Nederlandse Vereniging voor Endodontologie (NVvE: Dutch
Society of Endodontists), the Netherlands listed 7,368 general dentists and 103 registered
endodontists at that time.
2.1. Sampling
The sample was determined with the help of the open platform ZorgkaartNederland (Dutch
Care Map: www.zorgkaartnederland.nl). In September 2019, the Zorgkaart’s website
listed 4,719 dental practices. The sample size was calculated on the basis of the number of
dentists (7,368). If these would not have a preference for a direct or indirect restoration,
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a sample of 366 dentists would be required if a 95% confidence interval and a margin
of error of 5% were adopted. Taking into account a response rate of 25%, the sample
should include 1,464 dentists. Since it proved impossible to obtain contact information
of individual dentists, the questionnaire was sent to the email addresses of the practices,
with the request to distribute it among the dentists working there. The assumption was
that each practice employed 1.5 dentists on average, which meant that questionnaires
would have to be sent to 976 practices to achieve the number of 366 dentists. Practices
with a specific differentiation in endodontic or restorative dentistry were excluded.
Attention was also raised to the survey during a webinar organized by the Nederlands
Tijdschrift voor Tandheelkunde (NTvT: Dutch Journal of Dentistry), which was virtually
attended by 1,900 participants. The questionnaire was distributed among all endodontists
via Tandarts-endodontologen Nederland (TEN), the association of endodontists. All potential
respondents were sent a reminder after 2, 4 and 8 weeks.

question

answer options

1. On the scale on the right, please indicate your
preference for direct or indirect restoration in
the cases presented.

VAS scale (0-100):
|-------------|-------------|
0
50
100
0: no doubt whatsoever about providing a
direct restoration.
50: no doubt / no preference
100: no doubt whatsoever about providing
an indirect restoration.

2.2. Questionnaire
The questionnaire was distributed with the REDcap electronic data capture software
(https://projectredcap.org/). Respondents were asked to list their year and university of
graduation. The survey comprised several general questions concerning the main reason
for extraction and the influence of the periapical status on the final restoration. The third
part (Table 1) contained questions about the restoration after endodontic treatment based
on eight clinical scenarios involving either an upper molar or premolar. Per tooth type,
four different scenarios were considered, which were distinguished by the number of
remaining walls: two walls, one supporting wall, one non-supporting wall or no remaining
walls (see Figure 1). The respondents had to derive the variables (type of tooth and wall
status) from the case information themselves. The general situation was always the same:
a patient without parafunctional habits, good oral hygiene and without a preference for
any type of restoration. Furthermore, the outline was situated in enamel, wall thickness
at the base was 2mm and no fracture lines were visible.
Primary outcome parameter was the preference for a (in)direct restoration, measured on
a visual analogue scale (VAS) ranging from ‘no doubt whatsoever about providing a direct
restoration’ (score: 0) to ‘no doubt whatsoever about providing an indirect restoration’
(score: 100), with a neutral, central option of ‘doubt/no preference’ (score: 50). Depending
on their choice, respondents were presented with more detailed or explanatory questions
about the technical procedure (e.g. choice of preparation design, restorative material or
the possible use of a post).

54

For cases 1 to 6: If the respondent was inclined to
an indirect restoration, the following question was
presented:
• You are more inclined to choose an indirect
restoration. If you opt for indirect restoration,
would you opt for a full or a partial preparation in
this case?
For cases 7 and 8, the following question was
presented.
• How would you fabricate the build-up prior to the
indirect procedure?

• Partial
• Complete

•
•
•
•
•
•
•

Direct restoration/enamel preservation
Direct restoration/post/enamel preservation
Direct restoration/ferrule
Direct restoration/post/ferrule
Indirect restoration/enamel preservation
Indirect restoration/post/ferrule
No restoration (endocrown)

2. Would you cover one or more cusps?*
If the answer was ‘yes’ in response to a case (7 or
8) involving a tooth with two walls, the following
question was presented:

• Yes
• No
• Doubt/No preference**

• Which cusps would you cover?

• Both cusps
• Only the supporting cusp
• Only the non-supporting cusp

3. Would you use a post in this case?

• Yes
• No
• Doubt/No preference**

Table 1. Questions relating to the cases. *Questions indicated with an asterisk (*) have not been asked for
cases 7 and 8 since these did not involve teeth with walls. **If questions 2, 3, or 4 were answered with ‘Doubt/
No preference’, additional questions were asked to investigate (a) whether the respondent did not expect any
difference, or (b) whether the guidelines were insufficient to make a proper choice.
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Figure 1. Occlusal, vestibular and lingual views of the eight teeth used in the cases presented in the survey,
varying in type of tooth (Premolar/Molar) and number of walls (0/1S/1NS/2 walls). S = supporting wall;
NS = non-supporting wall. The general situation was always the same: that of a patient without parafunctional
habits who practices good oral hygiene. This patient had not expressed a preference for direct or indirect
restoration and would immediately accept any proposal made by the dental professional. Furthermore, the
outline was situated in enamel, the wall thickness at the base was 2 mm and no fracture lines were visible. Case
P2W: Tooth 15 after endodontic treatment and removal of the old restoration. Both walls are 2 mm thick
at the base, the outline is in enamel and no fracture lines are visible. Case M2W: Tooth 16 after endodontic
treatment and removal of the old restoration. Both walls are 2 mm thick at the base, the outline is in enamel
and no fracture lines are visible. Case P1W/S: Tooth 25 after endodontic treatment and removal of the old
restoration. The palatal wall is 2 mm thick at the base, the outline is in enamel and no fracture lines are visible.
Case M1W/S: Tooth 26 after endodontic treatment and removal of the old restoration. The palatal wall is
2 mm thick at the base, the outline is in enamel and no fracture lines are visible.

Figure 1 (continued). Case P1W/NS: Tooth 15 after endodontic treatment and removal of the old
restoration. The buccal wall is 2 mm thick at the base, the outline is in enamel and no fracture lines are
visible. Case M1W/NS: Tooth 16 after endodontic treatment and removal of the old restoration. The buccal
wall is 2 mm thick at the base, the outline is in enamel and no fracture lines are visible. Case P0W: Tooth 25
after endodontic treatment and removal of the old restoration. All walls are missing. The pulp chamber has
a minimum depth of 2 mm, the outline is in enamel and no fracture lines are visible. Case M0W: Tooth 26
after endodontic treatment and removal of the old restoration. The pulp chamber has a minimum depth of 2
mm, the outline is in enamel and no fracture lines are visible.
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2.3. Statistical analyses
Only completed questionnaires were included in the study. Respondent characteristics
were summarized with descriptive statistics. Depending on the data type and whether
the data had a normal distribution, either Friedman, chi-square or Fisher’s exact tests
were used. For the dentists, the influence of the case and the preference for the type of
restoration on their choice of a post or cusp coverage was investigated using Generalized
Estimating Equation regression and post-hoc analysis. A p-value of <0.05 was regarded as
statistically significant. To follow up statistically significant differences, Wilcoxon signedrank or Mann-Whitney U tests were used. Cohorts based on year of graduation were
composed for <1988, 1989-1998, 1999-2009 and 2010-2020. To correct for type I error,
Bonferroni corrections were applied. The analyses were conducted with IBM’s SPSS 24
statistical package.
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3. RESULTS
The questionnaire was completed by 383 dentists (response rate: 26.2%) and 33
endodontists (response rate: 32.0%; see Figure 2). The median year of graduation was
2000 for the dentists (interquartile range: 27 years; minimum: 1975; maximum: 2020) and
1998 for the endodontists (interquartile range: 13 years; minimum: 1973; maximum: 2020).
3.1. General considerations concerning the restoration of endodontically treated teeth
From most to least frequent, the reasons for extraction ranked by the dentists were
vertical root fracture (36%), endodontic pathology (28%), subgingival fracture (16%),
caries (14%) and periodontal disease (7%). For the endodontists, the order was vertical
root fracture (52%), caries (27%), subgingival fracture (9%), endodontic reason (9%), and
periodontal disease (3%).

3

In the event of apical periodontitis, both the dentists (χ2 (2) = 61.14; p<0.00) and the
endodontists (χ2 (2) = 7.67; p=0.02) significantly postponed the fabrication of the final
restoration. A larger percentage of the dentists would wait longer than 12 months in such
cases as compared to the endodontists.
3.2. Restorative preference: direct or indirect restoration?
Figures 3 and 4 show the results for dentists and endodontists. The number of missing
walls determined the preference of the dentists (χ2(7)=865.02, p=0.00), who more often
opted for an indirect restoration if the tooth had only one or no remaining wall. Whether
this wall was part of a supporting or non-supporting cusp did not influence their choice (all
p<0.05). The restorative preference of the endodontists also appeared to be influenced
by the various clinical scenarios (χ2(7)=53.29, p=0.00). They opted much more often for
an indirect restoration in cases involving (pre)molars without a wall than in cases where
there were two walls remaining (both p<0.05).

General dentists (n=383)

Figure 3. Box plot showing restorative preference of dentists per case. P = premolar; M = Molar; W = wall(s);
S = supporting; NS = non-supporting. The groups with circles of the same color do not differ significantly with
respect to restorative preference.

Endodontists (n=33)

ACTA - 24%
Foreign - 8%
RuG - 23%
RU - 27%
RUU - 7%
UvA - 7%
VU - 4%

ACTA - 58%
Foreign - 3%
RuG - 6%
RU - 18%
RUU - 3%
UvA - 9%
VU - 3%

Figure 2. Distribution of the dentists and endodontists based on university of graduation as a dentist. ACTA:
Academic Center for Dentistry Amsterdam; RuG: University of Groningen; RU: Radboud University; RUU:
University of Utrecht; UvA: University of Amsterdam; VU: Free University of Amsterdam.

Figure 4. Box plot showing restorative preference of endodontists per case. P = premolar; M = Molar;
W = wall(s); S = supporting; NS = non-supporting. The groups with circles of the same color do not differ
significantly with respect to restorative preference.
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3.3. Preference for cusp coverage and post
Dentists who were more inclined towards an indirect restoration covered the cusps more
often (β=0.014; 95% CI [0.008;0.02]; p<0.00). Cusp coverage was chosen significantly
more often with one wall remaining (see Table 2; post-hoc analysis, all p<0.05). The cusp’s
location (supporting or non-supporting) did not significantly influence the choice for
cusp coverage in single-walled molars (β=0.014-0.257; 95% CI [-0.71-0.192], p=0.26). By
contrast, the supporting wall of a single-walled premolar was covered significantly more
often than the non-supporting wall (p=0.00) or the molar (p<0.05).

case

cusp coverage

post

Premolar 2W

Yes: 52% (67%)
• Both cusps: 68% (77%)
• Supporting: 30% (23%)
• Non-supporting: 2% (0%)
No: 44% (30%)
No preference: 4% (3%)

Yes: 9% (18%)
No: 89% (82%)
No preference: 2% (0%)

Molar 2W

Yes: 57% (70%)
• Both cusps: 72% (74%)
• Supporting: 24% (17%)
• Non-supporting: 4 (9%)
No: 39% (21%)
No preference: 4% (9%)

Yes: 7% (0%)
No: 90% (97%)
No preference: 3% (3%)

Premolar 1 W/S

Yes: 88% (91%)
No: 10% (9%)
No preference: 2% (0%)

Yes: 46% (52%)
No: 45% (30%)
No preference: 8% (18%)

Molar 1W/S

Yes: 85% (82%)
No: 13% (18%)
No preference: 2% (0%)

Yes: 33% (12%)
No: 61% (79%)
No preference: 7% (9%)

Premolar 1W/NS

Yes: 84% (85%)
No: 14% (15%)
No preference: 2% (0%)

Yes: 50% (64%)
No: 45% (30%)
No preference: 5% (6%)

Molar 1W/NS

Yes: 85% (91%)
No: 13% (9%)
No preference: 2% (0%)

Yes: 39% (21%)
No: 56% (76%)
No preference: 5% (3%)

Premolar 0W

-

Yes: 52% (67%)
No: 42% (30%)
No preference: 7% (3%)

Molar 0W

-

Yes: 42% (48%)
No: 52% (52%)
No preference: 6% (0%)

The more dentists inclined towards an indirect restoration, the less they opted for a post
(β=-0.19; 95%CI [-0.025; -0.013]; p<0.00). A post was more often indicated for a singlewalled premolar than a single-walled molar (post-hoc analysis, p<0.00). When all walls
were missing, a post was indicated significantly more often in cases involving premolars
than molars (p<0.00).
For the endodontists, there was no significant relationship between the choice for cusp
coverage and the case (p=0.07; two-tailed Fisher’s exact test). Most of them would also
cover the cusps if the tooth had two walls. However, there was a significant relationship
between the choice for a post and the case (p=0.00; two-tailed Fisher’s exact test). A
post was chosen significantly more often for treating a single-walled premolar than a
single-walled molar.

Table 2. Percentages of dentists opting for cusp coverage and use of a post. The percentages in brackets show
the choices of the endodontists. For the teeth with two walls, the percentage of each cusp is presented.

3.4. Restoration of (pre)molars without a remaining wall
In the case of the premolar without a wall, 20.7% of the dentists chose an endocrown.
Direct restoration was chosen by 5.8% of the dentists, 37.5% of whom would supplement
this with a ferrule. If a post was chosen (73,5%), 35.1% of them would also use a ferrule.
For the molar without a wall, 36.5% chose an endocrown. If they preferred direct
restoration (10.5%), 44.8% would also use a ferrule. Most chose a post (53.1%), 36.1% of
whom would use a ferrule too.
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Few endodontists (5.6%) chose an endocrown to treat a premolar without any wall. In all
other premolar cases (94.4%) they preferred a post. If a post was chosen, 70% of them
would also preferred to create a ferrule. Thirty per cent of them chose an endocrown for
the molar without a wall and 15% direct restoration without a post. If a post was indicated
(55%), 54.5% opted for a ferrule too.
3.5. Type of preparation: partial or complete preparation?
If a practitioner was more inclined towards indirect restoration in cases 1 to 6, most
dentists and endodontists would opt for a partial preparation design (see Figure 5). If
one wall was present, dentists appeared to be more inclined to apply a full contour
crown preparation than the endodontists. Dentists graduated between 2010-2020 opted
significantly more often for a partial preparation design (70% partial versus 30% full
preparation) for single-walled teeth as compared to dentist graduated before 2010 (40%
partial versus 60% full preparation; Fisher exact test; p<0.00).

Figure 5. Percentages of dentists and endodontists who would perform a partial or complete preparation
if they inclined to an indirect restoration. P = premolar; M = Molar; W = wall(s); S = supporting; NS = nonsupporting.

location of the wall (supporting or non-supporting) did not fundamentally influence this
choice. The endodontists opted for an indirect restoration significantly more often when
no wall was present. Among the endodontists, too, the type of tooth and the location of
the wall did not decisively affect their choice.
The endodontists seemed less outspoken in their choice for direct or indirect restoration
in cases involving single-walled teeth than the dentists (see Figure 2 and 3). This may
be explained by the fact that many endodontists treat patients on a referral base, with
the referring dentist making the final restoration after endodontic treatment. They will
therefore opt for direct restoration more often after endodontic treatment.
The choice for a post seemed to be influenced by the type of tooth and the wall location.
Both the dentists and the endodontists chose a post for single-walled premolars (46%
and 50%) more often than for single-walled molars (33% and 39%). However, the present
study did not investigate the rationale underlying this preference. The findings are in line
with a survey conducted in Switzerland in which 46% of the respondents indicated that
they would use a post in the treatment of single-walled premolars, as opposed to 40%
for a single-walled molar.8 It is possible that dentists assume that the lateral load in the
premolar region is higher due to group function, requiring the use of the post for retention
of the restoration to resist shear stresses.9 In a randomized clinical trial, use of a post to
restore premolars with one or no wall after endodontic treatment led to a significantly
higher 6-year survival rate.10 However, it should be noted that the metal-ceramic crowns
were cemented with zinc phosphate or a glass ionomer cement, thereby relying on the
mechanical retention of the abutment tooth. For the teeth without a wall, most of the
practitioners chose to use a ferrule in addition to a post. In principle, if an adequate ferrule
is present, a post is unnecessary.11,12
As far as cusp coverage was concerned, endodontists chose to cover the cusps more
often than the dentists did. This also applied to the two-walled teeth. The marginal ridges
are the main factor determining the rigidity of a tooth after endodontic treatment. If
both ridges are lost, this will lead to a 60% loss of the tooth’s rigidity, which can result in
deflections of the remaining cusps.13 Cusp coverage, direct or indirect, is an important
factor for the preservation of such teeth.3,14,15 If a less rigid restoration material is used
and if there is a large mesiodistal defect, it is perhaps prudent to cap the cusps.

The null hypothesis was that there would no difference between the treatment
preferences chosen for the various clinical scenarios presented. The results of the study
lead to rejection of this null hypothesis. The more walls were missing, the more the
dentists preferred an indirect restoration. The type of tooth (molar or premolar) and the

In cases of apical periodontitis, the final restorative treatment was postponed. In such
cases, the dentists usually waited longer before making the final restoration than the
endodontists. The time until final restoration partly determines the survival of teeth
after endodontic treatment. Teeth that had not been completely restored within four
months, for example, had a three times higher risk of extraction in comparison to teeth
that had received a final restoration within four months.6 Several factors could underlie
postponement of the final restoration. There may be financial constraints or a lack of
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confidence in the healing after endodontic treatment. Endodontists are more familiar
with endodontic treatment and could, therefore, be more confident of healing in such
cases than dentists.16
Interestingly, if practitioners opted for indirect restoration, 47-49% of the dentists
decided to opt for a full contour crown preparation of single-walled teeth. This would
mean that the wall thickness after preparation would be less than 2 millimeters, which
could have a negative impact on the tooth’s resistance to lateral forces. Partial restoration
of teeth after endodontic treatment contributes to the preservation of the peri-cervical
dentin. Partial bonded restorations of endodontically treated teeth show predictable
medium- and long-term clinical results.17–20 On the other hand, a narrow majority of the
dentists opted for a partial preparation technique. This might be a sign that adhesive
rehabilitation of endodontically treated teeth is a treatment option in the Dutch general
dental practices, especially for the dentists who graduated between 2010-2020. To the
author’s knowledge, there is no literature about the attitude of dentists in other countries
towards partial preparation techniques for endodontically treated teeth. The fact that
endodontists more often opted for partial preparation (93-94% for single-walled teeth),
might be explained because of the aforementioned referral setting where they do not
make the final restoration themselves.

5. CONCLUSIONS
Within the limitations of this survey study, the following could be concluded:
•
Both dentists and endodontists listed the vertical root fracture as the most common
reason for extraction;
•
A definitive restoration was postponed in cases of apical periodontitis as compared
to an irreversible pulpitis;
•
The type of tooth did not influence the restorative preference of both practitioners;
•
Dentists opted more often for an indirect restoration for endodontically treated
single-walled (pre)molars;
•
Dentist covered the cusps of single-walled teeth significantly more often than twowalled teeth, whereas endodontists provided cusp coverage for both single- and
two-walled teeth;
•
A post was more often indicated in endodontically treated premolars than molars
by both practitioners;
•
Between 51-53% of the dentists and 93%-94% of the endodontists would choose a
partial preparation over a full contour crown preparation for endodontically treated
single-walled (pre)molars;
•
Dentists graduated between 2010-2020 opted significantly more often for a partial
preparation for single-walled teeth as compared to dentists graduated before 2010.

The KNMT21 provided an overview of the year and university of graduation of dentists
active in January 2020. On that date, 27% of the dentists had graduated in 1987 or before;
29% between 1988 and 1998; 18% between 1999 and 2009; and 26% between 2010 and
2020. In the present sample, 27% of the respondents had graduated in 1987 or before;
20% between 1988 and 1998; 20% between 1999 and 2009; and 33% between 2010
and 2020. Concerning the university of graduation, 39% of the dentists graduated from
the universities of Amsterdam, 21% from Radboud University, 14% from the University
of Groningen, 7% from the University of Utrecht and 19% from a foreign university in
January 2020. It appears, therefore, that the sample is broadly representative of the
Dutch dentist population. However, dentists graduated from a foreign university were
underrepresented (8% in the survey).
The study also has some limitations. One of these is that the cases all describe an
ideal situation, with an outline in enamel and patients practicing good oral hygiene
and having no parafunctional habits. It is known that patients with a high risk of caries
and parafunctional habits have an eight times higher likelihood of losing their direct
restorations in comparison to patients without these risk factors.22 Financial constraints
may sometimes also limit treatment options. Many restorative choices are therefore
influenced by factors over which practitioners only have limited control. However, it was
not possible to include all these external factors in the cases.
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