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Armamentarium for dentin conservation  
during endodontic treatment
Bobby Nadeau, DDS, MS; Dale Jung, DDS; Viraj Vora, DDS, MS 

INTRODUCTION

Primum non nocere – “first do no harm”–Hippocrates

In today’s society, as life expectancy increases, pa-
tients expect their teeth to last a lifetime as healthy 
dentition is important for a good quality of life.1-4 

Endodontic therapy is usually the last resort to re-
tain natural teeth and teeth requiring root canal 
treatment are often structurally compromised due 
to caries and cracks. Minimally invasive surgical 
techniques have been utilized in medicine for many 
years,5 however its adoption in dentistry has been 
much slower. As newer technologies emerge and 
develop, minimally invasive approaches are possible 
today in endodontics while still adhering to biologi-
cal principles of treatment. As clinicians striving to 
provide high quality care, we all want to know what 
the best current available evidence is. The quality of 
the evidence for the long-term effectiveness of the 
mechanical objectives of endodontic therapy is weak 
and thus treatment protocols are highly variable 
amongst clinicians and oftentimes, the treatment 
approaches that are the most expedient prevail. Tra-
ditional objectives have been focused on maximizing 
the visual field of access preparations, preparing ca-
nals to certain dimensions to facilitate a ‘look’ of the 
radiographic obturation which is used as a proxy for 
‘cleanliness’ of the canal systems.6,7 The long-term 
survival of endodontically treated teeth (ETT) has 
been investigated through epidemiology.8-16 These 
studies suggest that maintaining dentin and achiev-
ing appropriate restorative management following 
endodontic procedures are two of the most critical 
factors for tooth survival and longevity which is re-
ally what our patients desire. Directed Dentin Con-
servation stems from the restorative requirements 

for ETT to survive long-term. Some approaches to 
achieving adequate immediate restoration of ETT 
were described in our previous article.17 This article 
discusses the armamentarium available to the clini-
cian to maintain residual dentin structure during 
endodontic therapy without compromising root canal 
disinfection and obturation. The two main opportu-
nities to maintain dentin structure present to the cli-
nician during access cavity preparation and root canal  
instrumentation.

ARMAMENTARIUM FOR CONSERVATIVE ACCESS CAVITY 
PREPARATION

Access preparation is defined as the removal of a 
coronal portion of the pulp complex to facilitate ca-
nal location and debridement.18 Despite the lack of 
compelling clinical evidence, a set of rules for end-
odontic access, established at a time where the end-
odontic armamentarium had significant limitations, 
continues to be promoted today to achieve ‘endodon-
tic success’ while decreasing procedural time and dif-
ficulty. These rules include: complete unroofing of 
the pulp chamber and complete visualization of the 
pulp chamber floor, wall-to-floor junctions and canal 
orifices with one view.18 This concept of straight-line 
access was meant to provide the clinician with conve-
nience, at a time where high magnification and illu-
mination, flexible heat-treated nickel titanium (NiTi) 
instruments and Cone Beam Computed Tomography 
(CBCT) were not available. With the advent of these 
new technologies, instead of prescribing a “one size 
fits all” access cavity design, it is now possible to cus-
tomize the access based on the tooth’s particular pre-
sentation, in order to maintain as much healthy dentin 
as possible and achieve the best possible outcome that 
our patients desire.
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ACCESS CAVITY DESIGN IN ANTERIOR 
TEETH

Traditional access cavity design in an-
terior teeth involved entry on the lin-
gual or palatal surface using a round 
bur, through the cingulum (cingulum 
access), complete “lingual shoulder” 
removal and full pulp horn unroofing 
leading to a triangular access outline 
form.7 This approach was chosen to fa-
vour the aesthetic demand, however, un-
necessary internal dentin removal, facial 
gouging or perforation and weakening 
of the tooth at a critical location (peri-
cervical dentin) often occurs19 (Figs. 1 & 
2). As mentioned in our previous article, 
the pericervical dentin (PCD) refers to 
the dentin located 4 mm coronal and 6 
mm apical to crestal bone. It has been 
proposed that PCD plays a crucial role 
in transferring occlusal forces along the 
root and that maintaining intact PCD is 

arguably the single most important fac-
tor in achieving long-term retention of 
ETT.20 The cingulum access, due to the 
initial orientation of the bur angulated 
towards the facial surface of the tooth, 
can also increase the risk of facial perfo-
ration. Two previously published articles 
in the endodontic literature suggesting a 
more incisal approach for anterior end-
odontic access have recently been revisit-
ed.21,22 The new model for anterior access 
involves moving the entry point away 
from the cingulum and towards the inci-
sal edge.19 This allows for the preserva-
tion of PCD, the least amount of dentin 
removed, the straightest path to both the 
facial and lingual/palatal canals and bet-
ter canal debridement compared to the 
cingulum access .21 In cases where there 
is attrition, the access is initiated in the 
middle of the incisal edge (Fig. 3). Bur 
selection is also critical for anterior ac-

cess. Round burs that have traditionally 
been recommended for endodontic ac-
cess, are contraindicated. The inherent 
shape of a round bur creates an “inverse 
funnel”, where the size of the access cav-
ity is wider as it progresses deeper23 (Fig. 
2). Using a bur that minimizes goug-
ing and maintains the narrowest part of 
the access preparation near the PCD is 
recommended19 (Fig. 4). This approach 
maintains as much PCD as possible, an 
area under severe tensile forces when the 
anterior tooth is in function24 (Fig. 5). 
Additionally, data from a CBCT scan, 
if indicated, can help the clinician visu-
alize the coronal projection of the canal 
and plan the exact entry point in order 
to achieve a straight-line access (Fig. 
5). Rubber dam isolation that includes  
adjacent teeth can also help the clinician 
to visualize the angulation of the roots 
(Fig. 3).
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1. (Case of Dr. Viraj Vora). The cingulum access using round burs promotes facial gouging and perforation (A,B).  
Gutta percha showing under soft tissues (black arrows) (C). Perforation confirmed and repaired surgically (D,E,F).  
Facial perforation (black arrow) and true canal (red arrow) (G). Postoperative radiograph H. 3-year follow-up showing complete 
healing (I,J). The patient is asymptomatic and functional, the probing depths are normal, and the gingiva is healthy (K,L). 
2. The cingulum access using round burs promotes violation of the pericervical dentin, inverse funnel effect and perforation 
(white arrows).  3. (Case of Dr. Bobby Nadeau). In cases with attrition, the access is made in the middle of the incisal edge. 
Rubber dam isolation that includes some adjacent teeth can also help the clinician to visualize the angulation of the root to be 
treated.  
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RESTORATIVE AND CARIES-LEVERAGED 
ACCESS

Tooth structures of no value, as described 
by Clark and Khademi, include tertiary 
dentin, undermined enamel, caries and res-
torations.23 These areas should therefore be 
leveraged during access preparation (Fig. 6).

The premise of classic endodontic ac-
cess is to gain straight-line access into 

the root canal systems usually through 
all coronal structures or dental materials; 
whereas carefully removing materials of 
no value (leveraging) allows for better vi-
sualisation and greater volume of residual 
dentin, which is the foundation to frac-
ture resistance and long-term retention of 
ETT.25,26 Leveraged access designs often 
lead to the preservation of the “soffit”. 

The “soffit” comprises of undermined 
dentin at the level of the pulp chamber 
roof, which is thought to provide addi-
tional strength20 (Fig. 7). Advancements 
in dental materials include modern flex-
ible martensitic heat-treated NiTi rotary 
files with regressive taper that can be 
pre-bent (Fig. 8), high magnification and 
illumination and smaller burs allowing 
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4. Conical carbide burs such has the EndoGuide burs (SS White Dental) (left) has a tip less than half that of the corresponding  
round bur (#2).  5. (Cases of Dr. Viraj Vora). The incisal access allows for maximum pericervical dentin preservation. CBCT can  
be used for access cavity planning in calcified cases A. All cases are immediately restored at the time of obturation. Two C. and  
four B. year follow-ups showing complete radiographic healing and both teeth are asymptomatic and functional.  
6. (Case of Dr. Dale Jung). Example of caries leveraged access design. The tooth is immediately restored at the time of obturation B & C.   
7. (Case of Dr. Bobby Nadeau). Caries directed mesialized access. The “soffit” is preserved for added strength (red arrow) B. Straight-line 
access to the two mesio-buccal orifices C. and two disto-buccal orifices was achieved D. The tooth is immediately restored at the time of 
obturation B.  8. Modern flexible martensitic heat-treated NiTi rotary files can be pre-bent for easier insertion in contracted access cavities 
and predicable root canal negotiation. DCTaper rotary file system (SS White Dental) are examples of rotary files with regressive taper.
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to gain access to canal orifices even in 
the absence of true ‘straight-line access’. 
Data from 2D and 3D (CBCT) radi-
ography can also be utilized to approxi-
mate the depth of the pulp chamber and  
design the access cavity. Figures 7 and 9 
are examples of caries/restorative lever-
aged mesialized/distalized access designs. 
Buccally and lingually located structures 
that can be leveraged can also dictate the 
access entry point (Figs 10 & 11). 

STEPPED ACCESS

The stepped access cavity design can be 
used in both anterior and posterior teeth. 
It is the design of choice for most accesses 
through indirect restorations like crowns 
and onlays. It involves cutting a larger 

outline in restorative materials down to 
the level at which dentin is encountered23 
(Figs 12-13). The clinician can then as-
sess the location and angulation of the 
entry point to the pulp chamber based on 
its anticipated location and dentin color 
map. The stepped access can also lever-
age direct restorative materials, leading 
to an unobstructed path to dentin which 
facilitates conservative access to the pulp 
chamber (Figs. 14-15).

“TRUSS” ACCESS

The “truss” access exemplifies the orifice 
directed access approach. The truss ac-
cess is best indicated when there is mesial 
and/or distal caries or a proximal restora-
tion. In mandibular molars, with minimal  

canal convergence and a wide platform 
at the level of the pulpal floor, the “truss” 
access is the access of choice in order to 
achieve a straight-line path to the canals 
while maintaining maximal residual den-
tin. This preserved dentin structure argu-
ably helps to resist tensile and compressive 
forces by bracing the lingual and buccal 
dentin walls (Fig. 16). This type of access 
should be carefully planned using 2D ra-
diography (adequately angled bitewing) 
and CBCT scan if indicated. Because 
the distal canal(s) of lower molars usu-
ally project towards the mesial and are the 
larger canals, it is usually recommended 
to gain access to the distal canal orifice(s) 
first (Fig. 17). The presence of restorative 
material can guide the clinician to the 
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9. (Cases of Dr. Viraj Vora). Examples of mesialized and distalized caries/restorative leveraged access designs.  
The teeth are immediately restored at the time of obturation. One-year follow-up shows radiographic healing  
despite the conservative instrumentation and maintenance of over half of the pulp chamber roof B.   
10. (Case of Dr. Dale Jung). The restorative material B. is leveraged leading to a buccally positioned access cavity 
C & D. The tooth is immediately restored at the time of obturation E. The patient is asymptomatic and functional 
at the one-year follow-up F.  11. (Case of Dr. Dale Jung). The carious lesion is leveraged leading to a lingually 
positioned access cavity C. A separate access hole is created on the occlusal surface to gain access to the buccal 
canals D. A bent instrument is used to clean under the pulpal roof E. The tooth is immediately restored at the time 
of obturation F.  
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12. (Case of Dr. Bobby Nadeau). Stepped access in this upper premolar with a crown A & B. A larger access outline is cut in crown material down to 
dentin C. The buccal canal is accessed, and the preparation is slightly extended to include the palatal canal C & D. The tooth is immediately restored 
at the time of obturation.  13. (Case of Dr. Dale Jung). Stepped access: a larger access outline is cut into crown material until dentin is reached.  
The pulp is penetrated conservatively based on its anticipated location. The tooth is immediately restored at the time of obturation.   
14. (Case of Dr. Bobby Nadeau). Stepped access in an upper molar with direct restorative material A-B. A larger outline through restorative material 
is cut C.  The mesio-buccal pulp horn is accessed first D. The access cavity is enlarged enough to gain straight-line access to the remaining canals E. 
The tooth is immediately restored at the time of obturation F.  15. (Case of Dr. Viraj Vora) Stepped access in an upper molar with direct restorative 
material A & B. A larger outline through restorative material is cut to allow unobstructed access to the underlying dentin C & D. The tooth is 
immediately restored at the time of obturation E. The patient is asymptomatic and functional at the two-year follow-up F.  16. (Case of Dr. Dale Jung). 
Dual entry “truss” access is the design of choice in teeth with a wide platform (red arrow) A. The preserved “truss” (black arrows) C & D is thought to 
preserve structural strength. The mesial caries is leveraged while the distal canal is accessed separately. The tooth is immediately restored at the 
time of obturation D.  17. (Case of Dr. Bobby Nadeau). Lower molar with a wide platform (green arrow) A & B. Occlusal restorative material is removed 
C. The larger distal canal orifice is accessed first (red arrow) D. Based on pre-operative radiographic measurements, the mesial canals are accessed 
second (black arrows) E. Preserved “truss” for additional strength (blue arrow). The tooth is immediately restored at the time of obturation F. 
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pulp chamber or canal orifice. Once the 
distal canal orifice(s) is/are located, based 
on pre-operative radiographic data, the 
distance from the distal canal orifice(s) 
to the mesial orifices(s) can be calculated. 
This distance can be transferred clini-
cally using a periodontal probe to locate 
the entry point to the mesial canal(s). This 
type of access requires acquired skills 
and can have the potential to create ad-
ditional damage if not executed properly. 
Misdirection or the use of round burs can 
lead to iatrogenic errors and unnecessary 
gouging. Thus, proper case selection and 
armamentarium, including adequate pre-
operative radiographs and using tapered 
burs, is required. By using bent endodon-
tic hand files or ultrasonic tips and by 

activating the irrigating solutions, disin-
fection of the pulp chamber is not com-
promised (Fig 18).

ACCESS DESIGN OF THE MINIMALLY/NON-
RESTORED POSTERIOR TOOTH

As a general rule, for mandibular and 
maxillary molars, the most coronal 
portion of the pulp chamber is usually 
the mesio-buccal pulp horn which can 
sometimes be confirmed by a pre-op-
erative bitewing radiograph (in the ab-
sence of radiopaque coronal restoration). 
Therefore, the clinician should consider 
penetrating the pulp chamber by aiming 
at the expected location of the mesio-
buccal pulp horn/canal orifice. Access 
can subsequently be extended as needed, 

to locate all canal orifices. Additionally, 
due to the anatomy of most molars, the 
straight-line access to the distal canals 
(in mandibular molars) and to the disto-
buccal and palatal canals (in maxillary 
molars) inherently projects coronally to 
the mesial.23 Therefore, full unroofing 
of the distal portion of the pulp cham-
ber is not necessary to gain straight-line 
access to these canals as this can lead 
to unnecessary gouging of dentin and 
weakening of PCD. Due to these fac-
tors, a conservative access in these teeth 
may have a slight mesial tilt (Fig. 18).

Furthermore, “The Law of Centrali-
ty” states that the pulp chamber is locat-
ed at the center of the tooth and the root 
canal is located at the center of the root 

18. (Case of Dr. Dale Jung). In “truss” accesses, microsurgical ultrasonic tips A. and syringe irrigation and suction 
B. can be used to clean and disinfect under the “truss”.  19. (Cases of Dr. Bobby Nadeau). Access design of the 
minimally/non-restored posterior teeth can involve penetration at the level of the mesio-buccal pulp horn and 
subsequently extended as needed. Straight-line access to the distal canals projects coronally in the mesial direction 
(red dotted lines) C, E & H. Note the mesial position and angulation of the restored access cavities C, E & H.   
20. (Case of Dr. Dale Jung). Access cavity in virgin or minimally restored premolars is centered within the occlusal 
surface B. The tooth is immediately restored at the time of obturation C. Four-year follow-up CBCT scan suggests 
that three dimensional obturation was achieved despite the contracted access cavity and minimal shaping D.  
The patient is asymptomatic and functional.  
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at the CEJ level.27 Based on this, access 
design in virgin or minimally restored 
premolars will often be centralized (Fig. 
20). Preoperative probing can help de-
termining the outline of the expected 
canal orifices location of any tooth type 
at the level of the CEJ.

ARMAMENTARIUM FOR CONSERVATIVE 
ROOT CANAL INSTRUMENTATION

For many years, the purpose of root ca-
nal instrumentation has been based on 
concepts from the 1970s and centered 
around the “mechanical objectives” that 
would ”ensure the biological goals for 
long-term success”.6,28 The focus of such 
objectives was to create a canal prepara-
tion with a diameter that increases coro-
nally and decreases apically. Based on 
these objectives, an apical size and taper 
of at least 25/.08 has been recommended 
in order to allow for deep exchange of ir-
rigating solutions and resistance form for 
three dimensional obturation.29 This ap-
proach is based on the theory that deep 
exchange of irrigation solution and deep 
compaction of thermally softened gutta 
percha leads to enhanced disinfection 
and allows for f luid-tight seal obturation 
which in turn leads to successful treat-
ment.30 These procedural clinical end-
points are surrogate measures that have 
weak correlations to a clinical outcome of 
interest to our patients. Surrogate mea-

sures are specific dependent variables 
used to evaluate treatment effectiveness 
and facilitate investigation in cases where 
the actual clinical outcome of interest 
cannot be evaluated. The use of surro-
gate measures often generalizes findings 
and fails to capture individual patient 
factors. Furthermore, the mechanical 
objectives mentioned above also served 
as a solution to the instrument limita-
tions that early endodontists were facing 
at the time: stiff stainless steel hand files 
and large-diameter hand pluggers and a 
lack of magnification and illumination.

 It is now increasingly evident that at-
tempting to fulfill those mechanical ob-
jectives may in fact decrease the survival 
rate of ETT by contributing to struc-
tural failures associated with excessive 
root dentin removal31. Both traditional 
shaping techniques and contemporary 
conservative canal instrumentation ap-
proaches lack the high level of evidence 
needed to confirm their superiority over 
one another, but observational stud-
ies overwhelmingly suggest that loss of 
ETT is far more commonly due to struc-
tural failures, including vertical root 
fractures , as opposed to true endodontic 
failures8-16 (Fig. 21). Therefore, without 
ignoring the biological objectives of dis-
infection and obturation, a particularly 
focused attention should be given to con-
serving residual root canal dentin. This 

section discusses the armamentarium 
used for conservative root canal instru-
mentation, and disinfection/obturation 
of such canals. 

SHAPING AND OBTURATION

Perhaps the most critical factor involved 
in achieving conservative root canal 
shaping is the clinician’s choice of in-
struments. Large, stiff instruments that 
will remove excessive dentin or will in-
crease the chance of root perforation or 
instrument separation should be avoided;  
such instruments include Gates Glidden 
drills, large orifice openers, rotary files 
with excessive coronal taper and/and 
lacking flexibility or large stainless steel 
hand files. As a general rule, instruments 
for conservative and safe shaping should 
be made of heat-treated NiTi material 
and have a regressive taper at the coronal 
portion. Different heat-treated regres-
sive taper rotary file systems are available 
in the endodontic market. They have a 
significantly smaller diameter at the level 
of the canal orifice when compared to 
many of the popular rotary or reciprocat-
ing files. For instance, the most widely 
used files today have a Maximum Flute 
Diameter (MFD) at the level of the ori-
fice ranging from 1.00mm to 1.20mm 
and the constant 0.04% taper rotary files 
have a MFD at the same level rang-
ing from 0.84mm to 0.89mm. Most 

21. Vertical root fractures (VRF) associated with overzealous root canal shaping.

2 1
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regressive taper files with the same tip 
size have a MFD at the same level of  
approximately 0.64mm to 0.69mm. 
These smaller MFD values translates to 
more dentin preservation (Fig. 22).

The decision to end the shaping pro-
cedure once a certain apical size has 
been reached depends on many factors 
including pre-operative size and cur-
vature of the canal, how easily the files 
progress apically during instrumentation 
and the clinician’s comfort and ability to 
eventually obturate the canal. There-
fore, different clinicians may develop 

different comfort zones for a range of 
apical size preparations. Regardless of 
the apical size, the maintenance of the 
peri-cervical dentin should remain one 
of the main focus of shaping procedures.

Although conservation of residual den-
tin during endodontic therapy may be 
one of the most important controllable 
factors to achieve patient-centered out-
comes, disinfection and obturation pro-
cedures should not be omitted. The use 
of a 30-gauge tip irrigation needle, with 
a closed end and a side port, facilitates 
delivering irrigation solution in smaller 

canals. An interappointment medication 
such as calcium hydroxide paste, may be 
used to enhance disinfection, especially 
if the tooth presents with symptoms, a 
sinus tract, swelling or a periapical radio-
lucency of significant size. 30-gauge de-
livery tips that can be pre-bent are useful 
when delivering interappointment medi-
cation deep in the canal (Fig. 25B). Sonic 
and ultrasonic instruments also help acti-
vating irrigating solutions and are a good 
adjunct for enhanced disinfection.

The common issue clinicians en-
counter when transitioning to more 

22. Courtesy of SS White Dental Rotary files with regressive taper (top) have a much smaller Maximum Flute Diameter (MFD) 
at the level of the orifice (D16) compared to the most widely used rotary files (bottom).  23. The use of non-standardized 
medium-fine (MF) gutta percha cones and extra fine heat tips facilitate obturation when warm vertical compaction technique 
is used.  24. (Case of Dr. Dale Jung). Upper left first molar with a 12mm probing A & B. The canals are minimally instrumented 
and the access is immediately restored at the time of obturation D. The patient is asymptomatic and functional, the deep 
probing is healed and there is radiographic healing at the three-year follow-up E.  25. (Case of Dr. Dale Jung). Placement of inter 
appointment calcium hydroxide medication B. Conservatively instrumented canals and immediate restoration of the access 
cavity C. The patient is asymptomatic and functional and there is radiographic healing at the three year follow-up D.
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conservative instrumentation is the dif-
ficulty during the obturation phase of 
treatment. While standardized gutta 
percha cones are available, there have 
been issues with the predictability of the 
fit of these cones. It is the authors’ opin-
ion that the use of smaller non-standard-
ized gutta percha cones help with cone 
fitting. Most conservatively instrument-
ed canals can be obturated with laser-
verified Medium-Fine (MF) fitted gutta 
percha cones (Fig. 23). The use of small 
heat tips also helps when warm vertical 
compaction of gutta percha is used as the 
obturation technique (Fig. 23). Figures 

24 and 25 show that radiographic healing 
at follow-ups can be predictably achieved 
while maintaining maximal residual ra-
dicular dentin.

CONCLUSION

Patients perceive value for endodontic 
therapy when it provides a useful service, 
especially when weighing the investment 
of time and money required to reach a 
desirable outcome. The main obstacle 
facing any clinician when introducing 
and implementing a new approach to 
endodontics is the cognitive dissonance 
they may face for the beliefs they hold 

to be true against what they currently 
practice. Access design and canal instru-
mentation has been continuously chang-
ing over the years and as better and more 
user-friendly technologies emerge, clini-
cians can now perform the same clinical 
steps with a minimal procedural foot-
print whilst achieving desirable patient-
centered outcomes. Dynamic Naviga-
tion, using CBCT data, for conservative 
endodontic access is on the horizon and 
will pave the way for an exciting next  
decade in endodontics.  

Oral Health welcomes this original article.


