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Abstract 

	 A post-endodontic coronal restoration is important to increase the success of endodontic treatment by providing a 
coronal seal and protection from fracture. The weakening of endodontically treated teeth is caused by significant loss of tooth 
structure, not from root canal procedures. In other words, the fracture resistance of endodontically treated teeth mainly depends 
on remaining tooth structure. The teeth with mild to moderate loss of tooth structure may be successfully restored with a bonded 
restoration (e.g. direct resin composite). In contrast, a more protective restoration such as a crown or onlay/overlay should be 
placed in the teeth with severely damaged tooth structure.  In addition, other risk factors such as tooth type, parafunctional force, 
or function as abutment for prosthesis should also be considered. In this review, updated clinical guidelines for coronal restoration 
of endodontically treated anterior and posterior teeth were proposed, based on tooth type and other risk factors. 
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Introduction 
	 For decades, it has been recommended that 
endodontically treated teeth should be usually 
restored and protected by a cuspal- or full-coverage 
restoration (i.e.- crown or onlay/overlay). However, 
from recent clinical studies [1-5], the recommendation 
for restoration of endodontically treated teeth has 
been considerably changed. Therefore, this review 
article aimed to briefly describe the principles in the 
restoration of endodontically treated teeth, and 
then proposed tentative clinical recommendation.

Literature review

A significance of coronal restoration on 
endodontic treatment
	 The outcome of endodontic treatment is 
mainly affected not only by the quality of root canal 
treatment but also by the quality of coronal 
restoration [6, 7]. The highest success in endodontic 
outcome is obtained when the quality of both root 
canal and restorative treatment are satisfactory [8].
	 The reasons for the improvement in 
endodontic success by placement of proper coronal 
restoration are a) to provide a coronal seal that 
prevents re-infection of bacteria into the filled root 
canals, and b) to protect the remaining tooth 
structure from fracture [9]. 

Are endodontically treated teeth weaken than 
vital teeth?
	 In the past, it was believed that endodontically 
treated teeth were weakened and brittle due to 
microstructural changes after tooth-vitality loss and 
from the root canal treatment. From a series of 
studies, the endodontically treated teeth are not 
significantly different from the vital teeth in the 

biomechanical properties− moisture content [10] as 
well as shear strength, toughness, and load to 
fracture [11]. Additionally, no difference in modulus 
of elasticity and micro-hardness of radicular dentin 
is also reported [12]. 
	 In contrast, the maximum biting force on 
endodontically treated teeth (226.6 ± 168.7 N) is 
significantly higher than that of contralateral vital 
teeth  (207.9 ±158.1 N) [13]. This may be explained 
by the loss of proprioception from pulp tissues in 
the root-filled teeth that increases the risk of 
occlusal overloading resulting in tooth fracture.
	 It has been widely accepted that the major 
cause of structural weakening in endodontically 
treated teeth is the substantial loss of tooth structure 
from dental caries, traumatic fractures, or pre-
existing large restoration [9]. From a classic study in 
the maxillary premolars, the endodontic procedures− 
access opening, root canal instrumentation and 
obturation, slightly decrease tooth stiffness (strength) 
at 5% compared to that of the intact tooth [14]. In 
contrast, the loss of one and two marginal ridge(s) 
significantly decreases the stiffness by about 46% 
and 69%, respectively.
	 In accordance with a later study investigating 
cuspal deflection of molars [15], opening coronal 
access minimally increased cuspal deflection 
approximately 1−1.5 microns while cuspal isolation 
from MO or MOD cavities dramatically raised the 
deflection by 4-5 times greater [14]. 

Are endodontically treated teeth risked to 
fracture?
	 Even if the cause of the weakening of 
endodontically treated teeth is the same as that of 
the vital teeth (i.e.- the amount of tooth structure 
loss), the root-filled teeth usually possess a higher 
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incidence of tooth fracture than the vital teeth (32% 
vs. 11%)  [16]. This can be explained that the more 
tooth structure lost, the higher potential of tooth 
fracture. In particular, the size and volume of 
cavities in non-vital teeth are commonly larger than 
the cavities in vital teeth.  
	 For this reason, a selection of coronal 
restoration after endodontic treatment must be 
considered to protect or reinforce the remaining 
tooth structure [9]. In daily practice, several dental 
practitioners usually prefer to select cuspal- or full-
coverage restorations for the root-filled teeth  after 
endodont ic  t reatment .  However ,  not  a l l 
endodontically treated teeth require the cuspal-
coverage restorations. 

Different tooth structure losses in endodontically 
treated teeth
	 Not all the teeth that require endodontic 
treatment have substantial loss of coronal structures 
[17]. For dens evaginatus premolars with pulpal and 
periapical pathology from the exposed occlusal 
tubercle, the coronal structure is limitedly lost from 
coronal access opening in root canal treatment, 
slightly decreasing tooth strength [14]. Another 
example is traumatized teeth with a luxation injury, 
e.g. lateral luxation, intrusion, or extrusion. In such 
cases, none or minimal tooth structure is damaged 
from the injury if no combination with the fracture. 
	 Even the teeth with carious exposure, the 
amount of tooth structure lost differs from tooth to 
tooth. In addition, the variation in the sizes of pre-
existing restorations also influences the remaining 
tooth structure. Therefore, consideration for coronal 
restoration after endodontic treatment should 
mainly depend on the amount of remaining tooth 
structure, combined with the aspect of occlusal 

loading forces [9, 18]. Clinically, it is difficult to 
precisely evaluate remaining tooth structure, which 
number of wall(s), thickness and height of remaining 
tooth structure should be carefully estimated [17]. 

Direct resin composite or crown restoration? 
	 Not all endodontically treated teeth require 
cuspal- or full-coverage restoration. From a classic 
study by Reeh and Messer [19] in maxillary premolars 
with MOD cavity, cuspal-coverage cast gold  
onlay provided the strongest protection for the 
endodontically treated teeth, in which the stiffness 
was approximately two times stronger than that of 
the intact teeth. Fracture resistance of the teeth 
restored with crowns or onlays is significantly higher 
than those restored with direct restorations or inlays 
[20]. In addition, a higher risk of  clinical fracture was 
found in endodontically treated teeth restored with 
inlays compared to inlay-restored vital teeth [21]. 
However, the ‘over-protection’ by the cuspal-coverage 
restoration may not be always necessary [22]. 
	 Once the coronal structure is not severely 
damaged, a direct bonded restoration (i.e.- resin 
composite) tends to be sufficient for providing the 
protection and the coronal seal. From another Reeh 
and Messer’s study [19], the maxillary premolars 
with MOD cavities restored with resin composite 
showed a relative stiffness (90% in approximate) 
close to that of intact teeth. Moreover, the fracture 
strength of the teeth restored with resin composite 
was approximately 80% of the intact teeth [23, 24]. 
This level of fracture resistance is possibly enough 
to withstand normal occlusal force for the teeth 
with adequate remaining coronal structure. However, 
long-term bond degradation of resin composite 
restorations is a concern [25]. Further details in 
selection of resin composite or crown will be 
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explained in the part of clinical recommendation for 
restoration of endodontically treated teeth.

Post or without a post?
	 This review will briefly explain when a post is 
necessary for endodontically treated teeth. The 
main function of the post is to provide retention for 
coronal restoration in severely damaged teeth [26]. 
In addition, it has been proposed that using a 
bonded fiber-reinforced post may improve the 
fracture resistance in anterior teeth [27, 28] and 
premolars [29], but not for the molars [30]. However, 
a placement of fiber post in anterior teeth may not 
improve fracture resistance to static loading [31, 32] 
or fatigue failure to cyclic loading [33] when a ferrule 
is presented, but has the benefit when the ferrule is 
absent [33]. 
	 A post may be indicated when less than half 
of the coronal structure remains [34], but may not 
be necessary when tooth structure loss is limited 
[34]. When a full-coverage crown is planned, the 
anterior teeth more commonly require a post since 
the amount of remaining tooth structure after tooth 
preparation tends to be not enough to support the 
coronal restoration [17]. For the posterior teeth, the 
remaining tooth structure after tooth preparation of 
the premolars is generally less than that of the 
molars. Therefore, a post is more commonly 
planned for the premolars than the molars [17]. In 
contrast, the pulp chamber of the molars is usually 
large enough to provide the retention for the core 
build-up and coronal restoration, which a post is 
usually not required [17]. 
	 The presence of the remaining circumferential 
cervical tooth structure (ferrule) is more important 
than the post placement to prevent tooth fracture 
[33, 35]. In addition, the benefit of using a post to 

decrease the chance of tooth fracture or coronal 
restoration dislodgement is controversial [3]. 
Extension of core build-up material into the coronal 
third of the root canal, as a coronal-radicular 
restoration when the pulp chamber height is less 
than 4 mm [36, 37], may be enough to provide the 
retention for the coronal restoration and improve 
the fracture resistance [30, 38]. Nevertheless, more 
scientific evidence is required to confirm this 
proposed concept of the coronal-radicular extension.

Clinical recommendation for restoration of 
endodontically treated teeth
	 As previously mentioned, endodontically 
treated teeth should not always be crowned and 
can be properly restored with resin composite in 
appropriate conditions. Tooth type, remaining tooth 
structure, and functional/parafunctional loading 
force are the most significant three factors for 
selecting of cuspal- or non-cuspal-protection 
restorat ion (crown vs. res in composite) in 
endodontically treated teeth. Additionally, onlay (or 
overlay) is another type of a cuspal-coverage 
restoration particularly selected for posterior teeth. 
Most importantly, remaining tooth structure must 
be evaluated in both vertical and horizontal 
dimensions- coronal residual walls (from 4 walls to 
no wall) and cervical tooth structure (intact or 
defect) [39].  The clinical recommendation for the 
restoration of endodontically treated teeth, based 
on clinical studies and reported risk factors, are 
proposed below. 
	 Premolars
	 Based on a classic clinical study [40], long-
term survival of endodontically treated premolars 
gained a benefit from the cuspal-coverage 
restorations, which significantly increased the 
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survival rate to approximately 90% compared to 
that of the teeth without the cuspal-coverage 
restorations (approximately 60%). In contrast, the 
results of a 3-year randomized controlled clinical 
trial showed that endodontically treated premolars 
with only two or three surfaces lost can be 
successfully restored with resin composite [41]. In 
that study, the survival rates without fracture at 
three years of the premolars restored with crowns 
and those restored with resin composite are very 
high (100% survival) and not significantly different [41].
	 From a recent systematic review [42], it has 
been summarized that the endodontically treated 
premolars with no more than three-surface loss of 
coronal structure can be restored with direct resin 
composite into the coronal access (with or without 
a use of prefabricated fiber post), in terms of survival 
without fracture. In a retrospective study [4], the 
premolars with two-surface cavities and the presence 
of two adjacent teeth (contacts) had a high survival 
rate without fracture that was similar to those 
restored with crowns. Neighboring teeth help 
distribute occlusal forces, relieving stress loading on 
the restored teeth. 
	 For the teeth with exposed cervical lesions, 
the stress from occlusal force concentrates on the 
cervical region, which makes the teeth are risk to 
cervical fracture [38]. A placement of a prefabricated 
fiber post in combination with resin composite core 
may help in improvement of fracture resistance in 
these teeth [38]. However, a recent retrospective 
study reported that endodontically treated teeth 
with the cervical lesions could be permanently 
restored with coronal-radicular resin composite 
restorations by extension the bond restorations into 
the coronal third of root canal below the exposure 
site, which showed a fracture survival similar to the 

teeth restored with crowns [43]. 
	 Other alternative for cuspal-coverage 
restorations of endodontically treated posterior 
premolars are endo-crown or onlay (overlay) [21, 44, 
45]. This kind of cuspal-protection restoration 
preserves cervical tooth structure (if remains) while 
still protects endodontically treated teeth from 
fracture [46]. At 2-4 years, a failure rate at 
approximately 1% per year is reported for the teeth 
restored with ceramic onlays [45]. However, the 
survival of the root-filled teeth restored with onlays 
in long term is probably inferior to those restored 
with the crowns [44].  
	 An endo-crown is a special type of crown 
based on a monoblock concept, which eliminates 
the bond interfaces compared to when a post/core 
is used [47]. This ‘one-unit’ restoration contains the 
crown segment in the coronal portion and the 
extension in the pulp chamber (and probably 
radicular) portion for 2−3 mm, which is currently 
created by a computer -a ided des ign and 
manufacturing (or CAD-CAM) technology. The endo-
crown is firstly designed for restoring the molars, in 
which the pulp chamber is usually large enough to 
retain a coronal restoration. From a recent systematic 
review, the survival/success rate of endo-crowns in 
the premolars is not significantly different to that in 
the molars [48]. Hence, a use of endo-crown is a 
promising option for restoration of endodontically 
treated premolars [48-50]. However, this restoration 
type may be primarily suitable for severely damaged 
teeth that require additional retention from pulp 
chamber (or radicular extension). 
	 In summary, endodontically treated premolars 
with one-surface (e.g. class I- O cavity) or two-surface 
cavity (e.g. class II- MO or OD cavity), in particular 
with the presence of two adjacent teeth, can be 
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safely restored with resin composite. Otherwise, a 
crown or other cuspal-coverage restoration should 
be considered. However, occlusal biting force [21],  
parafunctional habit (if any) [4] and a function as 
abutments of removable or fixed prosthesis [51] 
must be also taken into a consideration. In addition, 
the teeth with absence of ferrule should be carefully 
considered for adjunctive treatment(s), i.e. crown 
lengthening, orthodontic extrusion, or tooth 
extraction [39]. A proposed clinical guideline for the 
restoration of endodontically treated premolars is 
presented in Fig. 1.	
	 Molars
	 In the same direction for restoring the 
premolars previously mentioned, long-term (>10 
years) survival of endodontically treated molars 
mainly depends on the placement of cuspal-
coverage restorations [40]. This concept has been 
confirmed by the results of other studies [52, 53]. 
Most of the molars should be crowned after 
complete endodontic treatment. Recently, onlay or 

endo-crown is an alternative for restoration 
endodontically treated teeth particularly for the 
molars [45, 49]; however, it is out of the scope of 
this review and not further explained in details. 
	 However, in a recent 5-year retrospective 
study [1], the molars with one surface lost (e.g. class 
I- O cavity) and restored with resin composite had 
100% survival against fracture. Therefore, the molars 
with only coronal access on the occlusal surface 
tends to be permanently restored with resin 
composite. From another retrospective study [2], 
the molars with two surfaces loss (e.g. class II- MO or 
OD cavity) and the presence of two adjacent teeth 
are possibly restored with resin composite. However, 
high occlusal force, parafunctional force, and 
abutment for prostheses are crucial factors to shift 
the treatment plan for cuspal coverage [51]. As 
previously mentioned for the premolars, onlay/
overlay or endo-crown is also an alternative for 
restorations of endodontically treated molars with a 
high success/survival rate at 5 years or longer [48, 

Figure 1:	 The proposed clinical guideline for restoration of endodontically treated premolars  

(‘full-coverage with core build up’: crown or onlay; ‘full-coverage with post’: post/core and crown,  

or endo-crown). Co- direct resin composite.
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49, 54].  For the severely damaged molars with a 
lack of ferrule, crown lengthening, orthodontic 
extrusion, or tooth extraction should be considered 
[39]. A proposed clinical guideline for the restoration 
of endodontically treated molars is presented in Fig. 2.
	 Anterior teeth
	 The results from a classic clinical study [40] 
showed that long-term survival rates at more than 
10 years of endodontically treated anterior teeth 
were very high (approximately 90%) and not 
significantly affected by the full-coverage crowns. 
Additionally, a recent retrospective study also 
confirmed the high survival (90%, in approximate) of 
the anterior root-filled teeth only restored with resin 
composite in a recent 5-year retrospective study [5]. 
Therefore, the majority of endodontically treated 
anterior teeth tends to be permanently restored 
with resin composite. 
	 However, a full-coverage crown may be 
indicated in the anterior root-filled teeth when- a) 
the cervical tooth structure remains less than three 

walls, and/or b) the cervical root dentin thickness is 
over-flared [5, 55]. Moreover, loss of the palatal 
cervical tooth structure in the maxillary anterior 
teeth significantly increases the incidence of tooth 
fracture after endodontic treatment [5]; crown 
restoration may be required in such conditions. 
Additionally, the crown may be selected in a case 
with high occlusal and parafunctional force, in which 
the occlusal scheme and loading force should be 
carefully examined [5, 56]. Moreover, the severely 
damaged teeth without circumferential ferrule 
should be considered for crown lengthening, 
orthodontic extrusion, or even tooth extraction [39]. 
An endo-crown may be a restorative option for the 
anterior teeth; however, the scientific study is rare 
while no clinical study has been found [31].   
A proposed clinical guideline for restoration of 
endodontically treated anterior teeth is presented 
in Fig. 3. Furthermore, tooth discoloration may affect 
the restorative treatment plan unless the tooth is 
effectively whitened by a bleaching agent [57].

Figure 2:	 The proposed clinical guideline for restoration of endodontically treated molars (‘full-coverage 

with core build up’: crown or onlay; ‘full-coverage with post’: post/core and crown, or endo-crown).  

Co- direct resin composite.
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Figure 3:	 The proposed clinical guideline for restoration of endodontically treated anterior teeth (‘with 

post’: intraradicular post, or coronal-radicular core build-up may be used). For the cervical root dentine, 

adequate root dentine- not over flared; and inadequate root dentine- over flared, in which remaining mesial 

and/or distal wall thickness is thinner than the size of root canal at that level [5]. Non-vital tooth bleaching 

before coronal restoration may be considered for the anterior teeth with discoloration. Co- direct resin composite.

Conclusions 
	 In conclusion, it can be summarized that:
	 1)	 The best endodontic outcome depends 
on the high quality of both root canal and restorative 
treatments.
	 2)	 Endodontically treated teeth are weakened 
from significant tooth structure loss, not from 
endodontic procedures.
	 3)	 A proper choice of coronal restoration to 
protect tooth fracture is related to the amount of 
remaining tooth structure as well as the loading force.
	 4)	 The premolars with one to two surfaces 
lost and with two adjacent teeth can be permanently 
restored with direct resin composite. Otherwise, a 
full-coverage crown should be considered, which a 
post is usually required (Table 1).
	 5)	 A cuspal-coverage restoration is commonly 
required for the molars, which a post is indicated 
only in the severely damaged teeth (Table 1).

	 6)	 D i rect  res in compos i te should be 
considered as the first treatment of choice for the 
anterior teeth. A crown may be indicated in the 
teeth with 1-2 walls of remaining cervical tooth 
structure and/or with compromised cervical root 
structure. An intra-radicular post is usually indicated 
before the crown (Table 2).
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Table 1.	 The purposed guidelines for restorations of endodontically treated posterior teeth:  resin 
composite or crown (*crown with a post is preferred when a risk factor is present, ** depending on a presence 
of two adjacent teeth). When a crown is indicated, onlay/overlay or endo-crown may be an alternative. 

Tooth 
type

Restoration

Tooth structure loss or remaining tooth structure

*Risk factorsOne surface 
lost

Two surfaces 
lost

Three 
surfaces 

lost

One wall 
remaining

No wall 
remaining

Premolars Coronal Composite **Composite 
or Crown

Crown Crown Crown - Parafunction 
or abutment

Intraradicular 
Post

No No/Yes No/Yes Yes Yes

Molars Coronal Composite Crown Crown Crown Crown - Parafunction 
or abutmentIntraradicular 

Post
No No No/Yes Yes Yes

Table 2.	 The purposed guidelines for restorations of endodontically treated anterior teeth:  resin 
composite or crown (*crown with a post is preferred when a risk factor is present).

Teeth Restoration
Cervical structure loss or remaining cervical structure

*Risk factorsOne side 
lost

Two sides 
lost

Three sides 
lost

No side 
remaining

Anterior Coronal
 

Composite Composite Crown Crown - Parafunction or 
abutment
- Thin cervical root 
dentin

Intraradicular 
Post

No No Yes Yes
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