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Trends towards conservative endodontic treatment

INTRODUCTION

Consider a new patient who has come to a dental 
office and undergoes a screening examination. 
A quick look at any missing teeth may prompt 

a dentist to ask, why were these teeth lost? While 
patient responses may be vague, the answer often 
involves fractured endodontically treated teeth 
(ETT). For the most part, teeth that require end-
odontic treatment have already undergone a prior 
sequence of restorative procedures, which invariably 
results in dentin loss and structural weakening. The 
addition of endodontic treatment to this sequence 
removes additional coronal and radicular dentin 
and potentially further decreases fracture resis-
tance.1 Dentin removal during root canal treatment 
(RCT) is considered an operator (modifiable) factor 
that could be associated with increased vertical root 
fracture incidence. Vertical root fractures (VRF) are 
defined as fractures, usually involving ETT, that 
are initiated exclusively in the root and ultimately 
lead to tooth loss.

The goal of endodontic treatment is stated as the 
“prevention and healing of apical periodontitis”.2 Over 
the last six decades, much of the endodontic research 
has been focused on how to successfully manage api-
cal periodontitis (AP). The monitoring of AP pro-
gression consists of two parts: a clinical aspect that is 
focused around patient symptoms and a time-depen-
dent radiographic evaluation of bone volume chang-
es around root apices. Clinical symptoms, if present, 
most frequently resolve fairly quickly after RCT, how-
ever the radiographic evaluation has formed the main 
focus of endodontic outcomes research. These clinical 
studies, albeit very few in comparison to laboratory 
research, have inherent flaws, some of which include 

short observation times, uncontrollable confounding 
variables, low patient sample sizes and loss of patients 
to follow-up.3,4 These shortcomings contribute to the 
difficulty many researchers have had when trying to 
find direct correlations between the technical aspect 
of RCT and radiographic ‘healing’ of apical periodon-
titis. Thus, over the years, dentists performing RCT 
have been forced to make clinical decisions under high 
levels of uncertainty.5 While clinicians place a high 
value on radiographic healing of periapical tissues, 
this outcome measure may be meaningless to asymp-
tomatic patients who desire long-term tooth survival.

An outcome is defined as an end result or event 
succeeding an action. For the most part, outcomes 
in dentistry can be divided into process-centered 
outcomes and patient-centered outcomes.45 A pro-
cess-centered outcome relates to the way in which 
the operator exercises their dexterity to satisfy the 
technical standards of a procedure, either non-sur-
gical or surgical. In endodontics, many process-cen-
tered outcomes are assessed by the ‘look’ of the im-
mediate post-operative radiograph. 

Education and clinical practice in dentistry his-
torically stem from the biomedical model which 
focuses on disease management.6 Clinicians are of-
ten unaware of this model and how it governs their 
reasoning since it represents the norm that cannot be 
questioned.7 Dental interventions consist of surgical 
procedures in the oral cavity. “Traditionally, these 
interventions are performed with an undivided fo-
cus on the process”.8 Consequently, dentists remain 
focused on technical processes, not realising how 
these may translate on some occasions to unfavorable  
patient-centered outcomes. Furthermore, research 
suggests that clinicians think they know what  
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patients want and do not try to find out 
what patients actually want.9 Patient-cen-
tered outcomes relate to variables that 
matter to patients. It puts the attention on 
the patient’s priorities rather than the cli-
nician’s.10 In the context of endodontics, 
a central component of patient-centred 
outcomes is the long-term asymptomatic 
and functional retention of ETT,11 which 
entails longevity of treatment. Research 
has suggested that conservation of tooth 
structure, together with placing quality 
permanent restorations can lead to im-
proved tooth survival outcomes.12 The aim 
of this review is to explore the most com-
mon reasons for extraction of ETT and to 
provide insights on treatment modalities 
that may have the potential to improve  
patient-centered outcomes.

WHY ARE ENDODONTICALLY TREATED 
TEETH EXTRACTED?

Extractions of ETT, in order of prev-
alence, are mostly associated with 
non-restorability, recurrent caries, com-
promised periodontal support, VRF 
and clinician/patient decisions (often 
related to a poor understanding of the 
cost-effectiveness of available treatment 
options), with causes of true endodon-
tic origin at the bottom of the list.12-17 
A true endodontic cause for extraction 
of ETT is exclusively defined as a lack 

of periapical radiographic healing or 
the presence of clinical signs and symp-
toms of endodontic origin. They ac-
count for only 4 per cent of the reasons 
for extraction of ETT at the 20-year 
mark.18 Furthermore, the risk of per-
sistent clinical symptoms or painful 
f lare-ups associated with ETT is low 
(5.8 per cent at 20 years).19 Extractions 
of ETT have multifactorial aetiologies 
and for simplicity sake, can be divid-
ed into non-modifiable and modifiable 
factors. Non-modifiable factors include 
the amount of tooth structure remain-
ing from previous caries and restorative 
procedures, previous coronal tooth frac-
tures, uncontrolled periodontal disease, 
parafunctional habits, malocclusion, 
terminal position in the arch and inher-
ent tooth anatomical factors including 
the presence of isthmuses in mesial roots 
of mandibular molars. These non-mod-
ifiable factors may critically misguide 
the projection of survival times for all 
teeth receiving endodontic therapy. In 
contrast, modifiable factors can be con-
trolled by the clinician to possibly im-
prove patient-centered outcomes. By far 
the most common modifiable factors 
are the removal of coronal and radicu-
lar dentin during access cavity prepara-
tion, root canal shaping and post space 
preparation. Treatment approaches that 

address these modifiable factors by min-
imizing coronal and radicular dentin 
removal and the immediate placement 
of the coronal restoration, may lead to 
improved survival times of ETT.12

ENDODONTIC ACCESS

Traditional endodontic access design 
has placed the clinician’s needs for fast,  
unobstructed, safe and convenient cor-
onal access to the root canal systems 
above the tooth’s restorative and struc-
tural needs. With the introduction of the 
microscope into endodontics in the mid- 
90’s20 coupled with the availability of in-
creasingly more flexible nickel-titanium 
rotary instruments, the need to cut the 
traditionally large access cavities became 
questionable. Within the last 10 years, 
there has been a shift towards reducing 
access size to the natural dimensions of 
the pulp chamber while still addressing 
the biological objectives of endodontic 
treatment with the aim of yielding im-
proved survival outcomes. Clark and  
Khademi,21 initially proposed a hier-
archial approach to accessing tooth 
structure and dental material – which 
leverages caries, missing tooth struc-
ture and existing restorations – to gain 
access to the root canal system. This 
process involves skewing the access to-
wards structures of lower value while 
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1 (a) Pre-operative radiograph of tooth #1.7 diagnosed with symptomatic irreversible pulpitis. The 
peri-cervical dentin (PCD) consists of the dentin located 4mm coronal and 6mm apical to crestal bone.  
(b) Post-operative radiograph displaying conservative root canal instrumentation and preservation of PCD 
in #1.7 in comparison to the more traditional approach completed on the previously treated tooth #1.6.  
2. Image from Best Practices in Endodontics, A Desk Reference, Schwartz 2015, reprinted with permission. 
The preservation of PCD internally through conservative access preparation and instrumentation and 
externally through conservative crown margin preparation with minimal taper (45).
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3 (a) Tooth #3.6 diagnosed with a necrotic 
pulp and symptomatic apical periodontitis. 
Simulated traditional straight-line access. 
(b) Post-operative radiograph displaying a 
restorative-leveraged access and an amalgam 
core with radiographically adequate marginal 
fit. Dentin and soffit (red arrow) are conserved. 
(c) At the 9-month follow-up, the patient still 
has not received the recommended crown 
coverage, yet healing is evident, and the patient 
is asymptomatic.  4. Case of Dr. Viraj Vora:  
(a) Pre-operative radiograph of tooth #3.7 with 
(b) caries on the buccal aspect of the occlusal 
surface. (c, d, e, f) Caries-leveraged access 
allowing the preservation of most of the pulp 
chamber roof. (g) Access cavity restored with 
composite resin. (h) Post-operative radiograph.

4

conserving important healthy tooth 
tissue. Structures said to have no val-
ue include caries, previous restorations, 
undermined enamel and tertiary dentin. 
The most valuable structures that must 
be preserved include peri-cervical dentin 
(PCD), undermined dentin and axial wall 
at the dentino-enamel junction.21 PCD 
refers to the dentin located 4 mm coronal 
and 6 mm apical to crestal bone (Fig. 1A). It 
has been proposed that PCD plays a crucial 
role in transferring occlusal forces along the 

root and that maintaining intact PCD (Fig. 
1B) is arguably the single most important 
factor in achieving long-term retention of 
ETT.22 The preservation of PCD can be 
achieved internally through conservative 
access preparation and instrumentation 
and externally, through conservative crown 
margin preparation (Fig. 2). A traditional 
access in this lower left molar (Fig. 3) would 
have most likely ignored the presence of 
the distal restoration with recurrent caries. 
An alternative access design leverages the 

restoration or caries (Figs. 3 & 4), allows 
for dentin conservation and maintains the 
“soffit”. The soffit is an overhanging part 
of the pulp chamber roof remaining after 
endodontic access, thought to provide extra 
strength by increasing resistance to bend-
ing22 (Fig. 3 & 5).

IMAGE-GUIDED ENDODONTIC ACCESS

Image-guided access utilizes image mo-
dalities available to the clinician (2D 

3
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projection radiography as well as 3D 
Cone Beam Computed Tomography or 
CBCT) in order to plan the access cav-
ity more precisely. Instead of prescribing 
a “one size fits all” access design, the 
tooth’s specific and unique needs dictate 
the location and size of the access cavity. 
The goal is not to make the smallest ac-
cess possible, but to strategically remove 
and conserve dentin (Fig. 6). One imple-
mentation of image-guided access design 
is the dual access or “truss” access which 
is the access design of choice in a mandib-
ular molar when the canal convergence is 
minimal, and the platform is wide (Fig. 
7).45 It is being argued that the preserved 
dentin structure helps to resist tensile and 

compressive forces by bracing the lingual 
and buccal dentin walls (Fig. 8).45

DYNAMICALLY GUIDED ACCESS

In the early 2000’s, dynamic guidance was 
introduced in order to help with the accu-
rate placement of dental implants.23 Based 
on this approach, dynamically guided 
access (DGA) was first applied in end-
odontics by Dr. Charles Maupin.24 DGA 
uses information from the patient’s CBCT 
volume to plan an access cavity. Overhead 
tracking cameras relate the position of the 
patient’s jaw and the clinician’s bur in 3-di-
mensional space. The clinician, by looking 
at the software interface, gets immediate 
feedback about the position of the bur as 

it relates to the position of the planned ac-
cess and the tooth.24 Static guides designed 
based on CBCT and intra-oral scanner 
data and fabricated by 3D-printing can also 
guide the clinician during endodontic ac-
cess or microsurgery.25 DGA provides sig-
nificant advantages over static 3D-printed 
guides which lack inter-occlusal distance, 
can only be utilized with slow speed hand-
piece burs, take time to prepare and do not 
allow for minor but important treatment 
plan changes that may occur during the 
procedure, which may lead to unnecessary 
removal of dentin.24 DGA does not require 
long burs, is compatible with high speed 
handpiece burs, does not require waiting 
time for the preparation of a 3D-printed 

5 (a) Tooth #2.7 diagnosed with a necrotic pulp and chronic apical abscess. (b) Post-operative radiograph displaying dentin conservation, 
soffit (red arrow) and the amalgam core restoration extending sub-gingivally.  6 (a) Calcified tooth #1.5 diagnosed with a necrotic pulp 
and symptomatic apical periodontitis. Distalized straight-line access is planned based on (b) 2D radiograph and (c) CBCT. (d) Pre-operative 
clinical image. (e) Distalized access cavity. (f) Placement of 2 fiber posts and composite resin core build-up. (g) Access closure.  
(h) Final radiograph.  7. Modified image from Best Practices in Endodontics, A Desk Reference, Schwartz 2015, reprinted with permission. 
Mandibular molar with wide platform and minimal canal convergence suitable for dual access. The maintenance of the “truss” 
provides added strength (45).  8. Case of Dr. Dale Jung: (a) Pre-operative radiograph of tooth #3.6 diagnosed with a necrotic pulp and 
symptomatic apical periodontitis has a wide platform and minimal canal convergence. (b) “Truss” was preserved through dual access  
with leveraged distal caries which was restored with an amalgam core. The deep finishing line was placed. (c) Post-operative radiograph.  
(d) 3-year follow-up showing complete periapical bone healing. The patient is asymptomatic.
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guide and allows real-time treatment plan 
changes if required (Fig. 9).24

CONSERVATIVE ROOT CANAL 
INSTRUMENTATION

What constitutes optimal root canal api-
cal instrumentation size and cervical taper 

is controversial. For decades, a plethora of 
instrumentation techniques have been 
suggested in endodontics but, unfortu-
nately, there are no publications on the 
long-term effectiveness for any of the 
techniques. Root canal instrumentation 
with a large coronal taper was traditionally 

thought to enhance irrigation and disin-
fection and provide convenience and re-
sistance form for obturation procedures.26  
In vitro studies indicate that increased 
taper and apical size instrumentation is 
necessary for irrigation to reach the apex 
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9. In vitro endodontic access cavity using DGA on a True Jaw model (a) Calcified upper central incisor. (b) Access cavity 
planned chairside using 5 x 5 cm small field of view CBCT volume. (c) Navident system (ClaroNav, Toronto, Canada) 
displaying overhead cameras and software interface (d) DGA using high speed handpiece bur and real-time feedbacks 
allowing for (e) conservative and precise access preparation.  10. (a-b) Tooth #1.4 diagnosed with a necrotic pulp and 
symptomatic apical periodontitis. (c) A conservative access cavity large enough to locate and instrument all canals is 
prepared through the crown. (d) Post-operative radiograph showing adequate apical instrumentation size and cervical 
taper allowing for the maintenance of PCD circumferentially.  11. Case of Dr. Dale Jung: (a) Symptomatic mandibular  
first molar with a radiographic periapical radiolucency treated in two visits. (b) Placement of calcium hydroxide as an  
inter-appointment medicament. (c) Conservative access cavity. (d) Post-operative radiograph showing conservative  
access preparation and canal instrumentation and placement of amalgam core and (e) tooth colored access closure.  
(d) 3-year follow-up showing periapical bone healing. The patient is asymptomatic.

10

1 1
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during treatment however, there are 
no publications indicating if this even 
translates into improved patient-cen-
tered outcomes. On the contrary, these 
process-centered outcomes could be as-
sociated with an increase in vertical root 
fractures.27 The best available evidence 
“supports the current intuitive premise 
that healthful tooth survival is likely to be 
influenced by the distribution, amount, 
strength and integrity of remaining tooth 
tissue”.12 The preservation of intact coro-
nal and radicular tooth tissue, mainly at 
the PCD level (Fig. 10) has been argued to 
be the critical factor in achieving a favor-

able long-term biomechanical response in 
root-filled teeth (Figs. 11 & 12).22

IN VITRO AND IN VIVO STUDIES ON  
CONSERVATIVE ENDODONTIC TREATMENT

Publications related to conservative end-
odontics are mainly in vitro experiments 
which, for the most part, have looked at 
stress-strain values against volume of den-
tin loss from access preparations, effect of 
instrument taper on root dentin removal 
and canal transportation and length of 
irrigation exchange to the apical termi-
nus. Such variables are surrogate markers 
that may correlate to a clinical endpoint 

(tooth survival or healing) but do not have 
a guaranteed relationship. As opposed to 
traditional endodontic cavities (TEC) that 
include straight line access beyond the ca-
nal orifices to the middle third of the root, 
contracted endodontic cavities (CEC) pre-
serve some of the pulp chamber roof.28,29 
In vitro studies using static load to fracture 
experiments have reported a range of con-
tradicting results with some researchers 
suggesting that there are no differences 
in fracture strength of teeth with CECs 
and TECs.30-37 Since fractures in ETT are 
a function of time and multiple chewing 
cycles, static loading experiments arguably 

1 2

12. Case of Dr. Dale Jung: (a) Symptomatic mandibular first molar with a radiographic periapical 
radiolucency (b) Post-operative radiograph showing conservative canal instrumentation and 
placement of amalgam core. (d) 1-year follow-up showing periapical bone healing. The patient  
is asymptomatic.  13. Case of Dr. Viraj Vora: (a) Pre-operative radiograph of tooth #2.6.  
(b) Post-operative radiograph with temporary restoration. (c) 1-year follow-up. (d) Tooth #2.6 has 
been extracted at the 3-year follow-up.

1 3
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may not be appropriate, as opposed to cy-
clic fatigue testing; however, one must also 
keep in mind that such experiments cannot 
translate directly to clinical settings, espe-
cially with the presence of non-modifiable 
tooth factors. Thus, as clinicians, we need 
to draw careful inferences from the in vitro 
literature to apply to clinical practice. Other 
concerns raised with CEC include compro-
mised canal instrumentation, inadequate 
debridement of the pulp chamber, preser-
vation of original canal anatomy and in-
creased procedural time. It is important to 
note that these factors are all process-cen-
tered outcomes that have not been directly 
linked to any improvement in patient-cen-
tered outcomes to date. Limitations of in 
vitro studies also include experiments with 
small sample sizes, lack of optimum stan-
dardizations, lack of replication and use of 
fully intact teeth under tightly controlled 
environments which may not always repre-
sent clinical situations.

There have been very few studies eval-
uating the size of canal instrumentation 
and improved radiographic periapical 
healing. A systematic review examin-
ing apical size of instrumentation con-

cluded that in teeth with apical radiolu-
cency, greater apical enlargement may 
result in greater radiographic healing;38 
it is important to note that one of the  
included studies forming the basis of 
this conclusion, only looked at mandib-
ular molars, had a short follow-up peri-
od (12 months) and that all treated teeth 
showed improvement regardless of apical 
instrumentation size.39 Other factors in 
that study, including the use of inter-ap-
pointment medication and placement of 
immediate permanent restoration, may 
have also contributed to the healing. Un-
fortunately, only four studies met the in-
clusion criteria for this systematic review, 
of which only one was a randomized con-
trolled trial. Important limitations of the 
above studies include case heterogeneity, 
small sample sizes, multiple confounding 
factors, unknown use of the microscope, 
treatments performed by undergraduate 
students, short-term follow-ups and ex-
tracted teeth and loss to follow-up that 
were excluded from final analysis. The 
careful clinicians appraising these stud-
ies may ask themselves: where are these 
“loss to follow-up” teeth today? With the 

understanding of these limitations, can 
we practice endodontics with true cer-
tainty based upon these clinical studies? 
These studies are considered to represent 
low levels of evidence and, as such, their 
impact on clinical procedures needs to be 
considered with great care.

IMMEDIATE PLACEMENT OF  
RESTORATIONS

The restorative phase plays a critical 
role in long-term survival of ETT.40,41 

Indeed, the immediate placement of a 
permanent restoration following end-
odontic treatment allows for optimal 
sealing and a lower likelihood of inter-
im failure (Fig. 13). The survival rate of 
ETT is increased when the tooth is re-
stored with a permanent restoration (83 
per cent to 91.7 per cent) compared with 
a temporary restoration (34.5 per cent)15 
and when the permanent restoration 
is placed within a short period of time 
(two weeks).42 The clinician must also 
select the appropriate restorative materi-
al for the area of placement. Due to its 
high compressive strength and moisture 

Continued on page 43  ➜

1 4

 14. Case of Dr. Viraj Vora: (a) Pre-operative radiograph of tooth #3.7 with sub-gingival buccal caries. (b, c) Conservative access.  
(d) Matrix band adaptation. (e) Access cavity restored with amalgam. (f-g) A gingival flap is raised in order to restore the deep  
sub-gingival buccal caries. (h) Post-operative radiograph. (i-j) 1-year follow-up shows healthy gingival contour and radiographic healing.
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forgiveness, amalgam is the restorative 
material of choice for restoring end-
odontically treated molars with extensive 
amount of coronal tooth structure loss or 
with deep sub-gingival caries (Fig. 14). 
Conversely, composite resin materials can 
be used in esthetically demanding areas 
where complete moisture control can be 
achieved and in situations where minimal 
tooth structure is lost during preparation. 
There is also increasing evidence that 
cementing conservatively placed posts 
in endodontically treated premolars and 
anterior teeth may provide reinforcement 
and decrease the likelihood of “snap-off ” 
failures (Figs. 6 & 15), which in turn may 
translate to improved tooth survival.43,44 
Furthermore, reduction and restorative 
coverage of thin, weak and unsupported 
tooth structure may decrease the likeli-
hood of coronal structural failure. Con-
siderations for occlusion also play a crit-
ical role in long-term retention of ETT. 
On posterior teeth, eccentric contacts 
create interferences that can lead to oc-
clusal trauma which is often associated 
with fractures. Parafunctional habits like 
clenching and bruxism may also exacer-

bate occlusal trauma. Notice in Figure 
16B how eccentric interferences were 
pronounced after the initial occlusal ad-
justment. This is a common observation 
and highlights the fact that balancing 
occlusion is a complicated task and often 
requires multiple rounds of adjustment.

CONCLUSION

Contemporary approaches to endodontic 
treatment are evolving towards improved 
patient centered-outcomes. Patients de-
mand long-term tooth survival and when 
coupled with cost vs. effectiveness deci-
sions, the average root canal treatment 
should at least rival or surpass the supposed 
long-term survivability of dental implants. 
Inherently there are many unmodifiable 
factors that present to a dentist perform-
ing endodontic treatment, which make it 
difficult to make direct comparisons to 
dental implants. However, the modifiable 
factors could be considered fully controlla-
ble and may play a key role for post-end-
odontic tooth survivability. No clinician 
can suddenly adapt to a new method of 
practice as it disrupts the current clinical 
workflow, requires tremendous mental 

debiasing and diligent patience to observe 
small progression under a cloud of uncer-
tainty. However, arguably, the preservation 
of residual tooth structure is of paramount 
importance whether the procedure is basic 
operative dentistry, endodontic therapy or 
full-coverage restorations. As clinicians we 
should also make careful inferences from 
the literature and realize the inherent flaws 
especially when translating findings from 
bench top research to clinical settings.

In conclusion, treatment modalities 
to maximize longevity of ETT include 
well-planned conservative access cavi-
ties that leverage caries and restorations, 
conservative root canal preparations and 
placement of immediate coronal resto-
rations, which include the placement of 
conservative full coverage restorations 
when indicated. The adaptation of new 
concepts and technologies in endodon-
tics including Image Guided Access and 
Dynamically Guided Access has begun 
and appears very promising in improving 
patient-centered outcomes. 

Oral Health welcomes this original article.
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1615

15 (a) Tooth #4.5 diagnosed with a necrotic pulp and symptomatic apical periodontitis. (b) Post-operative radiograph (no 
post was cemented). (c) Crown “snap off” failure occurred 2 months following treatment.  16. Case of Dr. Dale Jung: Occlusal 
management of an upper molar. (a-b) Blue marking used for centric occlusal contacts and red marking used for eccentric 
(interferences) occlusal contacts. (c-d) Eccentric occlusal contacts gradually removed until both centric and eccentric 
contacts occur lightly in the same location on the functional cusp.

Continued on page 45  ➜
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