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Abstract

Objectives: Deciding when cuspal coverage is needed for posterior teeth is consid-
ered a challenge for dentists. The aims were to assess dentists' decision making
regarding the need for cuspal coverage for vital teeth (VT) and endodontically treated
teeth (ETT) with varying amounts of tooth structure loss and to identify clinical
situations of dissimilarity and uncertainty in decision making.

Materials and Methods: A random sample of 182 dentists were invited to partici-
pate in the survey. The survey included photos of 13 posterior teeth: six VT and
seven ETT. The clinical situations selected were based on a hypothetical scale of
typodont teeth with ascending amounts of tooth structure loss. A brief description
of each situation was provided. Each dentist was asked to decide whether cuspal
coverage is needed, not needed, or unsure. Descriptive analyses using SPSS were
conducted. Seventy-five percent was chosen as a cutoff point for assessing similarity
in decision making. The unsure answer reflected uncertainty. Associations were
assessed using chi-square test.

Results: One hundred twenty dentists participated (65.9% response rate, 70
females). Median for years of experience was 3.5 (interquartile range 1.1-10.8).
Analyses revealed a similarity percentage of <75% in decision making among dentists
for six clinical situations: four VT and two ETT. More similarity was observed for sit-
uations at both ends of the scale with minimal and severe amounts of tooth structure
loss and more for ETT than for VT. The highest percentages of uncertainty were more
for VT than for ETT. Clinical conditions of VT were more likely to receive the “not
sure” decision compared with those of ETT (x2, P < .001). No association was
detected with gender (2, P = .509) or years of experience (x, P = .223).
Conclusions:  Dissimilarity and uncertainty in deciding when cuspal coverage is
needed were observed especially for VT and teeth with a moderate amount of

structure loss.
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1 | INTRODUCTION

Decision making regarding the best management for endodontically
treated teeth (ETT) and vital teeth (VT) can be challenging for dentists
(Cheung, 2005; Morgano, Hashem, Fotoohi, & Rose, 1994; Robbins,
1990; Zarow, Devoto, & Saracinelli, 2009). Determining whether
cuspal coverage is needed or not is a common clinical decision faced
by dentists in their daily clinical practice (Afrashtehfar, Ahmadi, Emami,
Abi-Nader, & Tamimi, 2017; Afrashtehfar, Emami, et al., 2017;
Afrashtehfar & Tamimi, 2017).

Full cuspal coverage refers to covering all of the posterior tooth
cusps with direct or indirect restorative material. Deciding whether
a tooth would best be restored with cuspal coverage or an
intracoronal restoration will depend on many factors such as whether
the tooth is endodontically treated or not (Afrashtehfar & Tamimi,
2017; Aquilino & Caplan, 2002), the amount and distribution of tooth
structure remaining (Afrashtehfar, Ahmadi, et al., 2017; Afrashtehfar,
Emami, et al., 2017; Nagasiri & Chitmongkolsuk, 2005), the type and
amount of load applied on the tooth during function (Loney,
Moulding, & Ritsco, 1995; Torbjorner & Fransson, 2004), the
parafunctional habits of the patient (Nishigawa, Bando, & Nakano,
2001), the esthetic value of the tooth, and the knowledge and
experience of the dentist (Burke & Lucarotti, 2009; Lucarotti, Holder,
& Burke, 2005a).

Many studies in the literature have focused on the risk of fracture
and the management of ETT. ETT do not differ from VT in their bio-
mechanical properties (Sedgley & Messer, 1992) or their levels of
hydration (Huang, Schilder, & Nathanson, 1992). The loss of tooth
structure from caries and existing restorations could lead to a weak-
ened state in both the ETT and the VT (Reeh, Messer, & Douglas,
1989). However, what makes the ETT more prone to fracture than
the VT is the loss of structural integrity associated with the access
cavity, which leads to an increase in the cavity depth and cuspal flex-
ure (Hansen & Asmussen, 1990; Hansen, Asmussen, & Christiansen,
1990; Pantvisai & Messer, 1995). The loss of a protective feedback
mechanism in the ETT could also be a contributor to the increased
loads on ETT, which could lead to an increase in the risk of fracture.
However, it could be argued that the protective feedback mechanism
comes from the proprioceptive receptors in the periodontal ligament
(Randow & Glantz, 1986).

Even though many of the evidence in the literature advocates full
cuspal coverage for posterior ETT for better longevity and survival
rates (Aquilino & Caplan, 2002; Assif & Gorfil, 1994; Ferrari et al.,
2012; Goodacre & Spolnik, 1994; Robbins, 1990; Sorensen &
Martinoff, 1984), there are other studies in the literature that reported
good survival rates without cuspal coverage in situations where signif-
icant amounts of tooth structure remained (Hansen et al., 1990;
Mannocci, Bertelli, Sherriff, Watson, & Ford, 2002; Nagasiri &
Chitmongkolsuk, 2005; Scotti et al., 2015). Two recent systematic
reviews on posterior ETT and VT have found the failure rate to be
affected by the amount of remaining tooth structure and the type of
treatment provided for each clinical situation (Afrashtehfar, Ahmadi,
et al., 2017; Afrashtehfar, Emami, et al., 2017).
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The ability of the dentist to identify the clinical situations in which
cuspal coverage can be avoided has many advantages, such as reduc-
ing the time and cost of the treatment, preserving more amounts of
tooth structure, and avoiding over treatment (Fedorowicz et al.,
2012; Grembowski, Fiset, Milgrom, Forrester, & Spadafora, 1997,
Rasines Alcaraz et al., 2014). Therefore, knowledge in this area would
be of importance to the dentists, the students, and the educators
(Shugars, Hayden, Crall, & Scurria, 1997).

The aims of this study were to assess dentists' decision making
regarding the need for cuspal coverage for different posterior ETT
and VT based on the amount of tooth structure loss and to identify

clinical situations of dissimilarity and uncertainty in decision making.

2 | MATERIALS AND METHODS

A randomly selected sample of 182 dentists were invited to partici-
pate in this cross-sectional study. Each dentist received an invitation
letter, an information sheet, and a consent form that explained the
aims of the study and assured the dentists that the data collected will
be completely anonymous.

The demographic data collected in the survey were gender and
years of experience. The survey included 13 different clinical situa-
tions, all of posterior teeth, with different amounts of tooth structure
loss. The photographs of the clinical situations were presented in a
random sequence to the dentists. A small description regarding the
vitality of the tooth was provided for each clinical situation. The den-
tists were asked to assume that all the clinical situations were in need
of restorative work, free of cracks, and that none of these clinical sit-
uations were subjected to lateral occlusal forces or increased forces
due to parafunctional habits, such as teeth grinding or bruxism.

Each dentist was asked to decide whether cuspal coverage is
needed or not for each clinical situation. Cuspal coverage was defined
as covering all of the posterior tooth cusps with direct or indirect
restorative material. The dentists were asked to view the clinical situ-
ations and make the decisions in the manner they do in their daily clin-
ical practice of dentistry. The options for each clinical situation were
as follows: (a) cuspal coverage is needed, (b) cuspal coverage is not
needed, or (c) unsure if cuspal coverage is needed or not.

The clinical situations that were included in the survey were
selected based on a hypothetical scale prepared in the laboratory on
typodont resin teeth. A systematic approach was used to prepare
different cavities reflecting different amounts of tooth structure loss.
The cavities ranged from a simple occlusal cavity to mesio-occlusal/
disto-occlusal (MO/DO) cavity with thick (=2 mm) or thin (<2 mm)
remaining axial walls, to a mesio-occlusal-distal (MOD) cavity regard-
less of the remaining axial wall thickness, and to structure loss beyond
an MOD cavity. The different clinical situations obtained in the labora-
tory were organized in an ascending manner depending on the amount
of tooth structure loss on a hypothetical scale (Figure 1). VT and ETT
versions were included. A slightly similar hypothetical scale was sug-

gested previously by Rocca and Krejci (2013).
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A description of each cavity type in the hypothetical scale was
extracted according to the amount of tooth structure loss and
whether the tooth is vital or endodontically treated. Four types for

VT and five types for ETT were prepared. The description of each type
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FIGURE 1 A hypothetical scale of different
amounts of tooth structure loss prepared in
the laboratory on typodont resin teeth. V
refers to a vital tooth, and E refers to an
endodontically treated tooth

Increased
tooth
structure loss

Type E3: An ETT with a MO/DO cavity and axial wall thickness of
<2 mm.

Type V4: A VT with a MOD cavity regardless of the axial wall

thickness.

was as follows:
Type E4: An ETT with a MOD cavity regardless of the axial wall

thickness.
Type V1: A VT with an occlusal cavity and axial wall thickness of
Type E5: An ETT with tooth structure loss beyond a MOD cavity.
>2 mm.
Type E1: An ETT with an occlusal cavity and axial wall thickness of

>2 mm. Thirteen clinical situations that simulated the hypothetical scale

were then selected. Molar and premolar variations were selected for
Type V2: A VT with a MO/DO cavity and axial wall thickness of

specific situations. The clinical situations selected were presented in
>2 mm.

Figure 2 in a manner similar to the hypothetical scale prepared in
Type E2: An ETT with a MO/DO cavity and axial wall thickness of

>2 mm.

the laboratory.
The data collected were entered into an Excel spreadsheet and
Type V3: A VT with a MO/DO cavity and axial wall thickness of
<2 mm.

then transferred to the IBM SPSS Statistics software package (Corp
IBM, 2013). The sample characteristics and different findings

Case V3 (p) Case V4 (p)
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.
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FIGURE 2 The clinical situations that were selected to simulate the hypothetical scale of different levels of tooth structure loss. The same
numbering system used for the hypothetical scale in Figure 1 was used. V refers to a vital tooth, and E refers to an endodontically treated
tooth. A letter (m)/(p) was added to refer to a molar/premolar variation
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underwent descriptive analysis, and the results were presented in
percentages.

Clinical situations in which 75% or more of the participants made the
same decision were considered clinical situations with a high percentage
of similarity in decision making. Clinical situations in which fewer than
75% of the participants made the same decision were considered clinical
situations with a low percentage of similarity in decision making. The
75% cutoff point (three quarters of the participants) was selected
arbitrarily. The “unsure” answer was considered a representation of the
level of uncertainty of the best decision for that specific clinical situation.
The associations between dentists' decisions and different variables were

assessed using chi-square test ().

3 | RESULTS

One hundred twenty participants out of 182 agreed to participate in the
study and submitted a complete response to the survey. This amounted
to a response rate of 65.9%. The sample consisted of 120 dentists

TABLE 1 Descriptive results of the participants' responses

Case reference

Needs cuspal

OpenAccess

(70 females and 50 males). Their dental experience ranged from 1
to 28 years with a median of 3.5 years (interquartile range 1.1-10.8).

Descriptive analyses of the answers were carried out. The answers
for each clinical situation were presented in Table 1. The analyses
revealed a percentage of >75% in making the same decision for seven
clinical situations. Of these clinical situations, five were for ETT, and
only two were for VT. The highest percentage of similarity in decision
making for ETT was for the molar tooth with structure loss beyond an
MOD cavity (98% decided it needs cuspal coverage) and for VT was
for the molar with an occlusal cavity and axial wall thickness of
>2 mm (95% decided it does not need cuspal coverage). These two
clinical situations corresponded to the two extremes of the

hypothetical scale.
For the majority of the clinical situations, the unsure answer

was selected by less than 7% of the sample. However, two clinical
situations of VT had a higher percentage of the unsure answer
selected (the vital premolar with an MO/DO cavity and walls thick-
ness of <2 mm, 11.7%, and the vital molar with an MOD cavity,
26.7%).

Does not need cuspal Unsure of the  Similarity in decision

Case description number coverage (%) coverage (%) answer (%) making (%)
Vital teeth
An occlusal cavity with axial wall thickness V1 (m) 5 95 — >75
of >2 mm.
A MO/DO cavity with axial wall thickness V2 (m) 16.7 76.7 6.7 >75
of >2 mm.
A MO/DO cavity with axial wall thickness V3 (m) 66.7 30 3.3 <75
of <2 mm (molar).
A MO/DO cavity with axial wall thickness V3 (p) 33.3 55 11.7 <75
of <2 mm (premolar).
A MOD cavity regardless of the axial wall V4 (m) 56.7 16.7 26.7 <75
thickness (molar).
A MOD cavity regardless of the axial wall V4 (p) 53.3 41.7 5 <75
thickness (premolar).
Endodontically treated teeth
An occlusal cavity with axial wall thickness E1 (m) 8.3 88.3 &3 >75
of >2 mm.
A MO/DO cavity with axial wall thickness E2 (m) 71.7 26.7 1.7 <75
of >2 mm (molar).
A MO/DO cavity with axial wall thickness E2 (p) 51.7 41.7 6.7 <75
of >2 mm (premolar).
A MO/DO cavity with axial wall thickness E3 (m) 75 21.7 3.3 >75
of <2 mm (molar).
A MO/DO cavity with axial wall thickness E3 (p) 96.7 3.3 — >75
of <2 mm (premolar).
A MOD cavity regardless of the axial wall E4 (m) 88.3 5 6.7 >75
thickness.
Tooth structure loss beyond an MOD E5 (m) 98.3 1.7 — >75

cavity.

Abbreviations: MOD, mesio-occlusal-distal; MO/DO, mesio-occlusal/disto-occlusal.

Bold emphasis, is to indicate the clinical situations in which less than 75% of the dentists agreed on a decision (i.e less than 75% of the dentists made similar

decisions on whether cuspal coverage is needed or not).
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TABLE 2 Three different categories of clinical situations were extracted from the analyses based on the 75% cutoff point of the similarity in

decision making

Categories based on the 75% cutoff point Case reference Percentage
Clinical situations in which >75% of dentists decided that cuspal coverage is needed

Case V1 (m) 95

Case E1 (m) 88.3

Case V2 (m) 76.6

Clinical situations in which <75% of dentists made similar decisions on whether cuspal coverage is needed or not

Case E2 (m) 71.7 “needs cuspal coverage”
Case E2 (p) 51.7 “needs cuspal coverage”
Case V3 (m) 66.7 “needs cuspal coverage”
Case V3 (p) 55.0 “does not need cuspal coverage”
Case V4 (m) 56.7 “needs cuspal coverage”
Case V4 (p) 53.3 “needs cuspal coverage”
Clinical situations in which >75% of the dentists decided that cuspal coverage is needed

Case E3 (m) 75.0

Case E3 (p) 96.7

Case E4 (m) 88.3

Case E5 (m) 98.3

Three different categories of clinical situations were extracted
from the analyses based on the 75% cutoff point and were presented
in Table 2.

A chi-square test was performed in order to examine the associa-
tion between choosing the “not sure” answer and the tooth condition
(vital or endodontically treated), gender (female or male), and years of
experience (<5 or >5 years). The association was found to be statisti-
cally significant for the tooth condition (P < .001), whereas the associ-
ation was found to be statistically insignificant for gender (P = .509)
and years of experience (P = .223). Details of the analyses were pre-
sented in Table 3.

4 | DISCUSSION

The current study targeted a random sample of dentists with different
years of experience. Differences between dentists in decision making
were observed. This is not unexpected, because many reports in the
literature have reported significant differences between dentists'

interpretations and treatment decision making in different areas of
clinical dentistry (Bader & Shugars, 1993; Elderton, 1983; Elderton &
Nuttall, 1983; Kay, Nuttall, & Kniil-Jones, 1992; Mileman, Purdell-
Lewis, & Welle, 1982; Nuttall & Elderton, 1983). These differences
could be a reflection of natural variability between dentists, or they
could be a reflection of areas of uncertainty or disagreement in regard
to the most suitable treatment option for a particular situation (Bader
& Shugars, 1995; Shugars et al., 1997).

Evidence-based decision making in treatment planning is essential
for daily practice (Anderson, 2000). However, there is always the prob-
lem of accessibility and the difficulty of finding directly relevant clinical
information (Al-Ansari & ElTantawi, 2014; Rabe, Holmen, & Sjoegren,
2007). A recent online tool has been developed to aid dentists and stu-
dents in making the best decision for restoring a single posterior tooth
based on two main factors: whether the tooth is vital or not and based
on the amount of tooth structure remaining. This tool could be useful
for accessing a summary of the evidence for each situation, which
would aid in decision making (Afrashtehfar & Tamimi, 2017). In the cur-

rent study, the dentists were also asked to make their decision based on

TABLE 3 Dentists' choice of the “not sure” answer according to the tooth condition (vital or endodontically treated), gender (female or male),

and years of experience (<5 or >5 years)

Dentists' decisions VT No. (%) ETT No. (%) Females No. (%) Males No. (%) <5 years No. (%) >5 year No. (%)
A decision made 656 (91.1) 814 (96.9) 854 (93.8) 616 (94.8) 876 (93.6) 594 (95.2)

Not sure of decision 64 (8.9) 26 (3.1) 56 (6.2) 34 (5.2) 60 (6.4) 30 (4.8)

Total 720 (100) 840 (100) 910 (100) 650 (100) 936 (100) 624 (100)

X° test x3(1, N: 1560) = 22.884, P < .001*

Abbreviations: ETT, endodontically treated teeth; VT, vital teeth.

*Statistically significant.

x2(1, N: 1560) = 0.437, P = .509

x3(1, N: 1560) = 1.486, P = .223
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the vitality of the tooth and the amount of tooth structure remaining.
The study identified clinical situations in which dissimilarity and uncer-
tainty in decision making among dentists were observed.

The clinical situations selected for this study covered a wide range
of scenarios that dentists encounter in their daily practice. The
ascending hypothetical scale used to select those clinical situations
represented a systematic increase in the amounts of tooth structure
loss and could also be considered to represent an increase in the frac-
ture risk of the tooth (Mondelli, Steagall, Ishikiriama, de Lima Navarro,
& Soares, 1980; Rocca & Krejci, 2013).

It seemed that dentists were more inclined to provide an
intracoronal restoration when the tooth had a minimal amount of
structure loss and were more inclined to provide a cuspal coverage
restoration when the tooth had a severe amount of structure loss
(Shugars et al., 1997). It was the clinical situations lying in the middle
of the scale with a moderate amount of structure loss that had more
variability when it came to decision making.

The number of VT clinical situations that had lower similarity and
higher uncertainty were more than the number of ETT clinical situa-
tions. Moreover, uncertainty in decision making were more likely to
be reported for clinical situations of VT compared with clinical situa-
tions of ETT. This could be due to the lack of knowledge synthesis
in the literature for deciding when cuspal coverage is needed for VT
(Afrashtehfar, Emami, et al., 2017), compared with the available knowl-
edge synthesis for ETT (Afrashtehfar, Ahmadi, et al., 2017; Goodacre
& Spolnik, 1994; Smith & Schuman, 1997).

Dentists' experience and gender were not found to be significantly
associated with uncertainty in decision making. The lack of significant
difference could be due to the limited factors taken into account in the
decision-making process, which might have masked the differences
within the sample. The decision-making process could have also been
affected by the dentists' work environment or place of training; how-
ever, this was not assessed in the current study (Burke & Lucarotti,
2009; Lucarotti et al., 2005a).

4.1 | Clinical situations in which >75% of
participants decided that cuspal coverage is not
needed

The majority of the participants (95%) decided that there was no need
for cuspal coverage for a VT with an occlusal cavity and remaining
axial wall thickness of >2 mm. This decision was consistent with a
recent systematic review (Afrashtehfar, Emami, et al., 2017), which
found low failure rates in the studies that reported on the use of
intracoronal restorations for such a clinical situation (Bernardo et al.,
2007; Kopperud, Tveit, Gaarden, Sandvik, & Espelid, 2012; Lucarotti,
Holder, & Burke, 2005b; Shi et al., 2010).

The majority of the participants (88.3%) decided that there was no
need for cuspal coverage for ETT with an occlusal cavity and remain-
ing axial wall thickness of >2 mm. In vitro studies support this decision
(Reeh et al, 1989; Steele & Johnson, 1999). Reeh et al. (1989)

detected a 20% reduction in tooth stiffness with an occlusal cavity
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and only a 5% reduction when a conservative endodontic access cav-
ity was carried out. These results were confirmed by Steele and John-
son (1999). A recent systematic review found a 100% survival rate up
to 6-year follow-up when full cuspal coverage restorations were used;
however, their review did not include any studies that managed this
clinical situation with intracoronal restorations (Afrashtehfar, Ahmadi,
et al., 2017). One retrospective clinical study found endodontically
treated molars with an occlusal cavity to have a survival rate of 78%
at 5-year follow-up when restored with an intracoronal restoration
(Nagasiri & Chitmongkolsuk, 2005). Randomized clinical trials compar-
ing restorative treatment with and without cuspal coverage are
needed for this clinical situation.

No need for cuspal coverage was reported by 76.6% of the partic-
ipants for a VT with a MO/DO cavity and axial wall thickness of
>2 mm. Studies reported good longevity for such clinical situation
when managed with an intracoronal restoration without cuspal cover-
age (Afrashtehfar, Emami, et al., 2017; Opdam et al., 2014).

4.2 | Clinical situations in which <75% of participants
made similar decisions on whether cuspal coverage is
needed or not

A low percentage of similarity in decision making appeared for an ETT
with a MO/DO cavity and axial wall thickness of >2 mm (the need for
cuspal coverage was decided by 71.7% for the molar and 51.7% for the
premolar variation). The loss of one marginal ridge was found to lead to
45% reduction of tooth stiffness (Reeh et al., 1989). When a conserva-
tive endodontic access cavity was prepared, the stiffness was not sig-
nificantly reduced (Reeh et al., 1989; Steele & Johnson, 1999). Other
studies reported a twofold to a threefold increase of cuspal deflection
when an endodontic access cavity was carried out for MO/DO and
MOD cavities (Panitvisai & Messer, 1995). This was attributed to the
increased depth associated with an access cavity preparation (Hansen
& Asmussen, 1990) A retrospective study reported 80% survival rate
over 3 years when intracoronal composite resin restoration was used
for restoring ETT with a MO/DO cavity and axial wall thickness of
>2.5 mm. The use of a fiber post with the intracoronal restoration
was found to increase the survival rate to 95% (Scotti et al., 2015).
One prospective clinical study reported no significant clinical differ-
ence between full cuspal coverage and intracoronal composite restora-
tions for endodontically treated premolars with MO/DO cavities that
had preserved cuspal structure over a 3-year follow-up (Mannocci
et al., 2002). On the other hand, a systematic review suggested that
ETT with MO/DO cavities should not be restored with intracoronal
restorations because a lower failure rate (0% to 5.6%) was found when
cuspal coverage was used (Ferrari et al., 2012; Mannocci et al., 2002;
Signore, Kaitsas, Ravera, Angiero, & Benedicenti, 2011), compared with
when intracoronal restorations were used (failure rate: 9% to 10.3%;
Mannocci, Qualtrough, Worthington, Watson, & Pitt Ford, 2005). It is
worth noting that the thickness of the remaining walls was not taken
into consideration in some of the studies supporting this conclusion
(Ferrari et al., 2012; Signore et al., 2011). Studies that included ETT
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with an MO/DO cavity and thick axial walls reported good survival
without cuspal coverage (Mannocci et al., 2002; Scotti et al., 2015).
However, more long-term randomized clinical trials are needed to con-
firm the best treatment for this clinical situation.

A low percentage of similarity in decision making was found for the
molar and premolar VT with a MO/DO cavity and thin axial walls
(<2 mm). Studies reported that axial wall thickness of more than
2 mm would provide the tooth with good strength (Dietschi &
Spreafico, 1997; Scotti et al., 2013). The wider the cavity preparation
(thinner axial walls), the less the resistance to fracture in a tooth with a
MO/DO cavity (Mondelli et al., 1980; Vale, 1959). From these studies,
it could be suggested that a tooth with thin axial walls could be at
higher risk of fracture than a tooth with thick axial walls. A partial
cuspal coverage of the thin axial wall could be an option. A systematic
review found no clinical studies of managing this clinical situation with
a crown and suggested that providing cuspal coverage using a crown
could be considered an overtreatment and would be hard to justify
(Afrashtehfar, Emami, et al., 2017).

A low percentage of similarity in decision making was also reported
for the molar and premolar VT with a MOD cavity. Fewer than 60%
decided that this situation requires cuspal coverage, and 26.7% of the
participants were unsure whether the molar variation required cuspal
coverage or not. The marginal ridges were proven to be critical in the
maintenance of the tooth stiffness and limiting excessive cuspal deflec-
tion and movement (Gonzalez-Lépez, De Haro-Gasquet, Vilchez-Diaz,
Ceballos, & Bravo, 2006; Lin, Chang, & Liu, 2008; Linn & Messer,
1994; Pantvisai & Messer, 1995; Reeh et al., 1989; Salameh et al.,
2006). A loss of 63% of tooth stiffness was reported for a MOD cavity
with or without an access cavity preparation (Reeh et al., 1989). Steele
and Johnson (1999) noted that a tooth with a MOD cavity had lower
resistance to fracture than a tooth with an endodontic access cavity
alone. It could be suggested that a tooth that lost both of its marginal
ridges is at an increased risk of fracture and would benefit from cuspal
coverage even if not endodontically treated. Conservative MOD
cavities in depth and width in VT could be considered an exemption
(Reagan, Schwandt, & Duncanson, 1989). On the other hand, a recent
systematic review reported that no information from clinical studies
were found in the literature regarding providing cuspal coverage for
VT with MOD cavities, and therefore, the treatment of choice sug-
gested was an intracoronal restoration (Afrashtehfar, Emami, et al.,
2017). It is worth mentioning that more conservative methods for
cuspal coverage are currently available (Rocca & Krejci, 2013), such as
adhesive direct or indirect onlays (Murphy, McDonald, Petrie, Palmer,
& Setchell, 2009). These adhesive conservative methods in providing
cuspal coverage could justify providing cuspal coverage in such clinical
situations when fear of fracture of the tooth exists.

4.3 | Clinical situations in which >75% of the
participants decided that cuspal coverage is needed

A high percentage of the participants decided the need for cuspal cov-
erage for ETT with a MO/DO cavity and thin axial walls (75% for
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molar and 96.7% for the premolar). This decision was consistent with
a systematic review in which the failure rate was found to be reduced
when such clinical situations were managed using cuspal coverage
instead of using intracoronal restorations (Afrashtehfar, Ahmadi,
et al., 2017). Scotti et al. (2013) found the remaining wall thickness
to be a very important clinical parameter in the resistance of fracture
in endodontically treated premolars and suggested that an axial wall
thickness of less than 2 mm is an indication for cuspal coverage to
improve the fracture resistance in maxillary premolars. Other in vitro
studies have reported a reduction in tooth resistance to fracture with
a wider isthmus preparation in MO/DO and MOD cavities (Mondelli
et al., 1980; Reagan et al., 1989) and with a marginal ridge thicknesses
of less than 1 mm in ETT (Shahrbaf, Mirzakouchaki, Oskoui, &
Kahnamoui, 2007).

A high percentage of the participants decided the need for cuspal
coverage for an ETT with an MOD cavity (88.3%) and for an ETT with
structure loss beyond an MOD cavity (98.3%). As discussed previ-
ously, significant loss of fracture resistance and increased cuspal
deflection are associated with ETT with MOD cavities (Hansen &
Asmussen, 1990; Pantvisai & Messer, 1995; Reeh et al., 1989; Steele
& Johnson, 1999). These teeth would certainly benefit from cuspal
coverage. Cuspal coverage for ETT with structure loss beyond a
MOD cavity would not only be for the protection of the remaining
tooth structure but also for facilitating the reestablishment of the lost
occlusal anatomy. No clinical situations of VT with structure loss
beyond a MOD cavity were included in the current study. However,
studies have recommended full cuspal coverage for VT with one
remaining axial wall (Afrashtehfar, Emami, et al., 2017).

Management of an ETT with cuspal coverage using a crown would
generally provide better protection for the tooth and, as mentioned
previously, is supported by many studies from the literature. However,
it is not without a biological cost (Edelhoff & Sorensen, 2002).
Avoiding a full cuspal coverage crown would have many advantages
when provided for teeth with a sufficient amount of tooth
structure remaining, such as preserving tooth structure and reducing
the time and cost of the treatment (Fedorowicz et al., 2012; Shugars
et al, 1997).

From the discussion of the clinical situations selected according to
the hypothetical scale, three different categories could be suggested
to help the dentist in decision making regarding the need for cuspal

coverage:

e Minimally destructed teeth include VT and ETT teeth with an
occlusal cavity or a MO/DO cavity and thick axial walls (=2 mm).
This category does not generally need cuspal coverage. However,
studies are needed to confirm this decision for ETT.

e Moderately destructed teeth include VT and ETT teeth with a
MO/DO cavity with thin axial walls (<2 mm) or a MOD cavity. In
this category, cuspal coverage is needed for ETT, whereas it might
be avoided for the VT.

e Severely destructed teeth include ETT and VT with structure loss

beyond an MOD cavity. This category needs cuspal coverage.
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An important limitation of this study was that it only assessed the
need for cuspal coverage, according to dentists' opinions, depending
on the amount of tooth structure remaining without taking into
account the type of the patients' occlusion, parafunctional habits, or
the amount and direction of occlusal forces on the teeth.

Parafunctional habits such as bruxism can generate a significant
amount of forces on teeth (Nishigawa et al., 2001). This factor should
be taken into consideration when a decision is made about the most
appropriate treatment option available in regard to the need for cuspal
coverage and the material to be selected.

A tooth that is under axial and lateral forces will have to withstand
more forces than a tooth that is only subjected to axial forces (Loney
et al,, 1995; Torbjorner & Fransson, 2004). When testing premolars
using different loading directions, premolars that were subjected to
oblique occlusal loads were at more risk of fracture than those sub-
jected to axial occlusal loads (Palamara, Palamara, Tyas, & Messer,
2000; Zhu, Rong, Wang, & Gao, 2017). This factor should also be
considered when assessing the restorative options for a posterior
tooth, because it could be a crucial factor for the longevity of the
restoration and the endodontically treated tooth (Krejci, Duc, Dietschi,
& de Campos, 2003; Uyehara, Davis, & Overton, 1999).

The patient factors should also be considered (Demarco, Corréa,
Cenci, Moraes, & Opdam, 2012), and decision making should take into
account the patient's caries levels, health, and financial ability.

The clinical cases used in the current study were a combination of
molar and premolar teeth. Whether decision making for molar teeth
compared with premolar teeth with the same amount of tooth struc-
ture loss would differ should be addressed in future studies.

5 | CONCLUSIONS

Assessment of dentists' decision making regarding the need for cuspal
coverage based on tooth vitality and the amount of tooth structure
loss was carried out. Dissimilarities in decision making and uncertainty
regarding the need for cuspal coverage were observed among
dentists, especially for VT and teeth with a moderate amount of

structure loss.
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