
Endodontic Treatment, 
Retreatment, and Surgery

Bobby Patel
Editor

123

Mastering Clinical Practice



  Endodontic Treatment, Retreatment, 
and Surgery 



 



       Bobby   Patel     
 Editor 

  Endodontic Treatment, 
Retreatment, and Surgery 

  Mastering Clinical Practice                           



  ISBN 978-3-319-19475-2      ISBN 978-3-319-19476-9 (eBook) 
 DOI 10.1007/978-3-319-19476-9 

 Library of Congress Control Number: 2016947839 

 © Springer International Publishing Switzerland   2016 
 This work is subject to copyright. All rights are reserved by the Publisher, whether the whole or 
part of the material is concerned, specifi cally the rights of translation, reprinting, reuse of 
illustrations, recitation, broadcasting, reproduction on microfi lms or in any other physical way, 
and transmission or information storage and retrieval, electronic adaptation, computer software, 
or by similar or dissimilar methodology now known or hereafter developed. 
 The use of general descriptive names, registered names, trademarks, service marks, etc. in this 
publication does not imply, even in the absence of a specifi c statement, that such names are 
exempt from the relevant protective laws and regulations and therefore free for general use. 
 The publisher, the authors and the editors are safe to assume that the advice and information in 
this book are believed to be true and accurate at the date of publication. Neither the publisher nor 
the authors or the editors give a warranty, express or implied, with respect to the material 
contained herein or for any errors or omissions that may have been made. 

 Printed on acid-free paper 

 This Springer imprint is published by Springer Nature
The registered company is Springer International Publishing AG Switzerland 

 Editor 
   Bobby   Patel    
   Forrest  
 Aust Capital Terr  
 Australia   



   

 This book is dedicated to my endodontic mentor: 

 Ms Serpil Djemal 



 



vii

 The discipline of endodontics and its principles have undergone a vast array 
of changes over the last 100 years shaped by evolving advances in both our 
understanding of the biological aetiology of periapical disease and rationale 
for treatment as well as improved technology, instruments, materials and 
techniques to achieve this purpose. 

 From a clinical standpoint we are often faced with a decision to decide 
whether to adopt these newer and “proven” techniques requiring some period 
of disruption to our daily routines or remain sceptic with the knowledge that 
our traditional views will continue to impart the best level of care to our 
patients. 

 To master any given subject one must be able to refl ect on current views 
and opinions that are based on the best evidence provided. In order to 
determine whether these views are accurate, reliable and relevant, one must 
therefore be able to critically evaluate and understand at a deeper level trying 
to get to the heart of the matter. 

 It is with this concept of critical thinking in mind that I offer this compact 
yet comprehensive text with emphasis placed on both traditional and newer 
materials and techniques that can offer the potential for endodontic success. 

 Similar to my fi rst book  Endodontic Diagnosis, Pathology and Treatment 
Planning , each chapter describes many of the techniques and methods avail-
able for practitioners who wish to undertake the planning and treatment of 
complex endodontic cases. Numerous illustrations with high-quality photo-
graphs and radiographs highlight clinical cases, which serve to demonstrate 
practical non-surgical and surgical techniques. The text is referenced to pro-
vide a comprehensive source of scientifi c evidence and principles that under-
line these techniques. 

 It is hoped that readers will be provided with a concise literature-based 
approach to clinical problem-solving rather than a quick fi x “recipe book” for 
everyday problems. Certainly it is not a replacement for existing contemporary 
textbooks but further serves as an accompaniment with emphasis placed on 
clinical hints and tips that may not be covered in standard endodontic 
textbooks. 

 The reader is reminded that this text is also aimed at allowing deep learning 
for students, dental practitioners and specialists alike. The understanding of 
key concepts will allow the reader to appertain to and consolidate knowledge 
from other parts of their study, from which they can hopefully derive solutions 
to novel problems. Deep learning involves the critical analysis of new ideas, 
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linking them to already known concepts and principles, and leads to 
understanding and long-term retention of concepts so that they can be used 
for problem-solving in unfamiliar contexts. 

 I hope this text stretches you towards excellence recognizing the 
importance of attention to multiple dimensions and enabling you to progress 
towards establishing clinical and academic understanding of the subject  par 
excellence !  

  Canberra, ACT, Australia     Bobby     Patel     

Preface
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      Access Preparation                     

     Bobby     Patel    

    Summary  

  The main objective of access preparation is to identify all canal anatomy 
prior to preparation and obturation of the root canal system. Correct access 
preparation is a key to successful treatment outcome and avoidance of 
mishaps. Inappropriate access preparation can lead to inadequate cleaning 
and shaping and subsequent obturation mishaps. Iatrogenic errors such as 
instrument separation, canal transportations, zipping and possible perfora-
tion may also result as a consequence of inadequate access design.  

    Clinical Relevance  

  An appropriately designed pulp chamber 
opening represents the most important step in 
order to locate and negotiate root canals opti-
mally. A correct opening should provide com-
plete removal of the pulp chamber roof and all 
internal interferences such as calcifi cations 
and restorations. Straight-line access is key to 
avoiding instrumentation mishaps particularly 
in curved root canals where the propensity for 
canal transportation or instrumentation failure 
is high. An important prerequisite for achiev-
ing success is the fundamental understanding 
of root canal anatomy gained through knowl-
edge of normal anatomy and the deviation 
from the norm that exists within specifi c teeth 

types. Visualisation of the three- dimensional 
anatomy using more than one fi lm when using 
plain radiography or cone beam CT scanning 
will provide valuable information before 
access preparation is initiated.  

1.1     Overview of Endodontic 
Access Design Preparation 

 Cavity design preparation can trace its roots back 
to the principles heralded by GV Black including 
outline form, convenience, retention and resis-
tance forms [ 1 ]. Traditional endodontic ideal 
access preparations, often described in textbooks, 
have been focused primarily on the operator needs 
rather than the restorative needs showing easily 
identifi able canal entrances at the base of a large 
pulp fl oor. Recently proponents for minimally 
invasive endodontics (MIE) aimed at directed 
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  Specialist Endodontist ,  Brindabella Specialist Centre , 
  Canberra ,  ACT ,  Australia   
 e-mail: bobbypatel@me.com  

  1

mailto:bobbypatel@me.com


2

dentine conservation have tried to shift the focus 
towards the tooth, whereby maximal tooth con-
servation has been heralded as the primary aim in 
an effort to maintain optimal strength and fracture 
resistance of the tooth [ 2 – 4 ]. Care must be taken 
when adopting the concepts of MIE in that there 
are proponents that would have you believe that 
MIE exists solely with the framework of preserv-
ing a few millimetres or less of cervical tooth 
structure whilst their empirical claims lack docu-
mented and meaningful longer term studies [ 5 ]. 

 The endodontic access preparation infl uences 
all ensuing steps and provides the opening for 
ideal shaping of canals, cleaning root canal 
systems, and three-dimensional obturation [ 6 ]. 

 Good knowledge of canal morphology in man-
dibular and maxillary teeth will guide clinicians 
in creating correct pulp chamber openings neces-
sary for location of all canals [ 7 ,  8 ]. Radiographic 
assessment should always be integrated with this 
knowledge to recreate a mental image of the pro-
posed access cavity before any drilling is begun. 
A minimum of two diagnostic periapical radio-
graphs should be taken, giving a two-dimensional 
image of a three- dimensional root canal system. 
The radiographs should be taken parallel and with 
either a mesial or distal horizontal tube shift to 
visualise superimposed roots. A parallel radio-
graph will allow minimal distortion and enable 
the clinician to correctly identify the coronal pulp 
chamber location with respect to the furcal fl oor 
and the cement-enamel junction. Both of these 
landmarks are helpful when trying to locate the 
level of the pulpal fl oor and location of canal 
entrances. The author routinely uses a beam-aim-
ing device to ensure that minimal image distortion 
occurs and reproducible radiographs can be taken 
throughout the procedure. Cone beam CT (CBCT) 
scans may be available that can demonstrate ana-
tomical features three-dimensionally. CBCT pro-
jection data can be reconstructed to provide 

images in three orthogonal planes (axial, sagittal 
and coronal) demonstrating true spatial relation-
ships. Tooth morphology assessment can easily 
be visualised in 3D including the number of root 
canals and their interrelationship (see Figs.  1.1  
and  1.2 ). In young patients, large pulp chambers 
will be noted with obvious canal spaces. Older 
patients whose teeth have undergone repeated 
insults will often have secondary or tertiary den-
tine deposited reducing pulp chamber volume and 
root canal lumens and increased calcifi cations 
encountered making access preparation even 
more challenging. Any sudden changes in the 
radiographic density of the pulp space will usu-
ally indicate an additional canal. Furthermore a 
sudden narrowing or disappearance of the root 
canal space may indicate a bi- or trifurcation 
[ 9 – 11 ].

    The anatomical laws formulated by Krasner 
and Rankow should be taken into consideration 
when opening pulp chambers because they 
give clinicians general anatomical landmarks 
that are very useful when localising all canal 
anatomy [ 12 ]. 

 Several studies have concluded that the dental 
operating microscope provides and enhances 
lighting and magnifi cation, which are essential 
for the clinicians’ ability to correctly localise and 
negotiate canals [ 13 – 15 ]. 

 The use of an ultrasonic unit (magnetostrictive 
or piezoelectric) with an appropriate tip confers 
unique advantages for refi nement of access 
 cavities, location of canal orifi ces and removal of 
obstructions such as calcifi cations. Magneto-
striction ultrasonic unit devices operate between 
18 and 4 kHz, converting electromagnetic energy 
into mechanical oscillation when an alternating 
magnetic fi eld is applied to metal strips in a stack. 
Piezoelectric units operate between 28 and 
36 kHz, converting electrical energy into mechan-
ical energy through a crystalline piezoelectric 

  Fig. 1.1    Note ( a ) and ( b ) clinical periapical radiographs 
demonstrating nonsurgical root canal treatment of tooth 
25. Note they reveal limited two-dimensional view of the 
true three-dimensional image. Insert shows ( c ) access 
preparation, ( d ) limited volume cone-beam computed 
tomography reconstruction of the projection data provid-

ing axial and sagittal views of tooth 25 demonstrating 
extent of periradicular pathology and internal root canal 
anatomy, and ( e ) sagittal view and various slices (apical 
( A ), middle ( M ), and coronal ( C ) dotted lines) highlight 
anatomy of the root canal space further seen in Fig.  1.2  
axial views       
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material. This mechanical energy is transferred to 
the cutting tips resulting in micro-vibratory 
movements in the ultrasonic frequency range. 
The tips should be used with a light brush and 
touch action, selecting a medium power setting 
under direct control using the operating micro-
scope [ 16 – 18 ]. 

 Ultrasonic tips are available in different 
lengths, diameters, angles and designs used with 
or without water. Length of tip is critical when 
determining whether the tip is to be used solely in 
the coronal aspect of the pulp chamber or within 
the root canal itself. Longer thinner tips are ideal 
in the case of the latter. Tip design is further clas-
sifi ed according to whether it is constructed from 
stainless steel or titanium alloy. Stainless steel 
tips may be coated with zirconium nitride 
(ProUltra ultrasonic instruments; Dentsply, 
Tulsa, Oklahoma) or diamond grit (Spartan CPR 
instruments, Fenton, Missouri), which increases 
effi ciency and durability. Most current available 
systems are designed to function either wet or 
dry. The former come with water ports to increase 
washing and cooling effects [ 19 ,  20 ]. 

 Patients with cardiovascular implantable elec-
tronic devices, such as pacemakers, and the use 
of ultrasonics has been a concern. Dental equip-
ment, which can pass a current to a patient, can 
potentially interfere with the pacemaker. Current 
guidelines recommend the avoidance of magne-
tostrictive devices, whereas the use of piezoelec-
tric devices does not seem to have an affect on 
pacemakers [ 21 ,  22 ]. In the best interests of the 
patient, it would be prudent to discuss the case 
with the patients’ cardiologist to ensure that there 
are no undue concerns with this regard.  

1.2     Opening the Pulp Chamber 

 A front surface mirror, a Hu-Friedy DG16 end-
odontic probe, illumination and magnifi cation are 
essential for preparation of the tooth for  endodontic 

treatment. Caries and failing  restorations must be 
completely removed prior to endodontic access 
cavity preparation. Where there is any doubt in 
relation to the restorability of the tooth in question, 
then dismantling of the existing restoration and 
preliminary assessment of the remaining tooth 
structure is an essential fi rst step. 

 Removal of existing restorations also allows 
the examination of axial walls and the presence of 
any hairline cracks which could also infl uence the 
endodontic outcome. A restorability assessment 
is made in order to ensure that the planned future 
permanent coronal cast restoration is feasible. 

 Unsupported cusps are removed, and where 
any axial wall crack-lines are evident or a 
diagnosis of cracked tooth syndrome is suspected, 
then the tooth should be protected by placement 
of an orthodontic band during and following 
completion of treatment. 

 The roof of the pulp chamber should be pene-
trated through the central portion of the crown at 
a point where the roof and fl oor are at the widest 
(e.g. the palatal canal of a maxillary molar). An 
EndoZ bur, which has a non-end cutting tip, is 
ideal once the roof is penetrated, preventing 
potential damage to the fl oor of the pulp. All den-
tine ledges and lips should be removed. 

 Once the roof, in its entirety, has been 
removed, then the fl oor of the pulp chamber can 
be inspected. In cases, which are not calcifi ed, 
dark developmental lines may be identifi able 
linking canal entrances. Following this ‘road 
map’ may reveal additional undetected canal 
entrances, and further probing with the DG16 
may confi rm a ‘sticky’ feeling. 

 Typical textbook description of pulp chamber 
anatomy is based on teeth with complete crowns 
and pulp chambers that are ideal in terms of 
position and width. Most clinical situations are 
far from ideal where teeth have been previously 
treated resulting in large restorations, cast resto-
rations or dystrophic calcifi cations, which signif-
icantly alter the normal anatomy. Ideal access 

  Fig. 1.2    Cone-beam CT axial projection demonstrating 
( a ) coronal, ( b ) middle, and ( c ) apical root anatomy. 
Access preparation could be carried out with confi dence 

confi rming a Vertucci 1-2-1 root canal anatomy. Note 
 black arrow  showing tooth 25       
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preparation may lead to iatrogenic errors due to 
inadequate or over-aggressive preparations. 
Access cavities should be prepared according to 
the internal anatomy of the tooth and refi ned 
according to the individual tooth and its unique 
anatomy accordingly (Fig.  1.3 ).

   Krasner and Rankow evaluated the pulp cham-
ber anatomy of 500 extracted teeth, and based on 
their fi ndings, the following laws pertaining to 
general anatomical guidelines were made:

    1.    The fl oor of the pulp chamber is always a darker 
colour compared to the surrounding dentinal 
walls. This colour difference creates a distinct 
junction where the axial walls and fl oor of the 
pulp chamber meet (law of colour change).   

   2.    The orifi ces of the root canals are always 
located at the junction of the axial walls and 
fl oor (law of orifi ce location 1).   

   3.    The orifi ces of the root canals are located at 
the angle in the fl oor-wall junction (law of 
orifi ce location 2).   

   4.    The orifi ces of the root canals lie at the 
terminus of developmental fusion lines, if 
present (law of orifi ce location 2).   

   5.    The developmental root fusion lines are darker 
than the colour of the fl oor.   

   6.    Except for maxillary molars, the orifi ces of 
canals are equidistant from a line drawn in a 
mesial-distal direction through the pulp 
chamber fl oor (law of symmetry 1).   

   7.    Except for the maxillary molars, the orifi ces 
of canals lie on a line perpendicular to a line 
drawn in a mesial-distal direction across the 
centre of the fl oor of the pulp chamber (law of 
symmetry 2).     

 These generalised laws should be taken into 
consideration when preparing access cavities 
since they give clues to generalised landmarks 
independent of the crown anatomy (Fig.  1.4 ).

1.3        Access Through a Crown 

 It is not uncommon to carry out endodontic treat-
ments in teeth already restored with crowns. 
Access preparations through existing crowns 

whose margins are deemed good require care-
ful consideration and diligence. It is necessary 
to mentally visualise the pulp chamber position 
from preoperative parallel radiographs. The dis-
tance of the pulp chamber fl oor from the most 
coronal aspect of the crown can be premeasured 
and noted. The angulation and any rotation of 
the tooth should be assessed and initial access 
preparation without the use of rubber dam may 
be advisable to ensure that penetration is carried 
out correctly without risk due to mis-angulation 
resulting in perforation. The position of the 
cement-enamel junction and furcation should 
also be noted as these landmarks help the clini-
cian locate the level of the pulpal fl oor and likely 
position of canal entrances. 

 Tungsten carbide burs are ideal for cutting 
through metal such as full gold crowns. When 
mapping out the access through initial porcelain, 
a diamond bur should be used to reduce the 
likelihood of porcelain fracture. If the canals 
cannot be identifi ed, then removal of the crown 
may be indicated to prevent iatrogenic perforation 
and unnecessary removal of sound dentine (see 
Figs.  1.5 ,  1.6  and  1.7 ).

1.4          Straight-Line Access 

 Once the canal entrances have been identifi ed, 
it may be necessary to refi ne the outline shape 
of the access cavity to allow endodontic instru-
ments unimpeded straight-line access in the cor-
onal 1/3rd of the canal. Straight-line access will 
prevent or reduce the likelihood of unfavourable 
iatrogenic mishaps such as canal transporta-
tion including ledging, zipping and perforation. 
Straight-line access will also reduce fi le distortion, 
particularly important when using rotary nickel-
titanium instruments, which may undergo unnec-
essary torsional loading and cyclic fatigue leading 
to instrument fracture (see Chap.   11    ). Access 
openings must be designed to preserve sound 
tooth structure and is fundamentally important to 
prevent unintentional gouging laterally, cervically 
or into/beyond the fl oor of the pulp chamber (see 
Fig.  1.11 ). Conversely, access that is too restricted 
may impact on correct identifi cation of all internal 

B. Patel
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  Fig. 1.3    Diagrams representing ( a ) incorrect ( i ) and cor-
rect ( ii ) removal of the pulp chamber in an incisor tooth. 
( b ) Correct and ( c ) incorrect straight-line access in a pos-
terior molar tooth. ( d ) Excessive removal of tooth struc-
ture leading to weakening and potential fracture of the 

tooth. ( e ) Damage to the fl oor of the pulp chamber will not 
only risk possible perforation but also hinder location of 
canal entrances. ( f ) The walls of the coronal access should 
not defl ect an instrument placed in the canal       
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a b

  Fig. 1.4    Clinical photographs showing ( a ) internal anat-
omy of a tooth. Note dark developmental grooves on the 
fl oor of the pulp and darker color associated with root 

canal orifi ces. ( b ) As described by Krasnoe and Rankow 
Law of symmetry 1 and 2       

a b c

d e f

  Fig. 1.5    Clinical photographs showing typical armamen-
tarium of burs used for access preparations: ( a ) diamond 
grit tapered bur, ( b ) tungsten carbide bur, ( c ) non-end cut-

ting Endo-Z bur, ( d ) long shank diamond, ( e ) diamond 
grit round diamond, and ( f ) parallel tapered short diamond 
bur       
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anatomy leading to iatrogenic errors during sub-
sequent preparation as discussed earlier (Fig.  1.8 ).

   Whilst unmistakable orifi ce location and care-
ful canal penetration are warranted, efforts should 

be made to minimise excessive removal of cervi-
cal tooth structure in the canal orifi ce. Commonly 
used instruments such as Gates Glidden drills 
should be avoided since these instruments tend to 

a b

c d

  Fig. 1.6    Clinical photographs showing access prepara-
tion through a porcelain-metal crown. ( a ) Tungsten car-
bide bur is selected and ( b ) carefully aligned to long 
access of the tooth to ( c ,  d ) gain initial access through the 
metal infrastructure. Preoperative radiographs and clinical 

assessment of the tooth-root relationship is important to 
prevent misalignment. Occasionally, access can be carried 
out prior to placement of rubber dam if the long axis tooth 
is diffi cult to ascertain or the crown-root relationship is of 
concern       
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straighten the canal and weaken the root canal 
walls, and overzealous use in some cases may 
lead to irreparable defects such as stripping or 
perforation. 

 Straight-line access is achieved by fi rstly cor-
rect access preparation with correct axial wall 
refi nement. Once the fl oor of the pulp chamber 
has been identifi ed, the use of a non-end cutting 
bur (Endo Z) is excellent for gross refi nement 
and removal of dentinal overhangs that prevent 
unimpeded orifi ce location. Finer refi nement can 
be carried out using ultrasonic tips under magni-

fi cation allowing precision removal with minimal 
damage when carried out correctly. Creating 
straight-line access within the coronal 1/3rd of 
the canal can be achieved by introduction of ini-
tial rotary instruments that can be safely used in a 
brushing action, away from the danger areas, 
removing cervical dentine effi ciently. Initial pre-
fl aring with the S1 ProTaper fi le can effectively 
remove this triangle if dentine is commonly 
encountered coronally. The angle of the inserted 
instrument within the canal is a good indicator as 
to whether straight-line access has been achieved 

a

b

c d e

f g h i

  Fig. 1.7    Clinical photographs and radiographs dem-
onstrating nonsurgical endodontic treatment through a 
ceramic-metal crown. Note ( a ) draining sinus in relation 
to tooth 22 and ( b ) prior endodontic access carried out 
by the general dental practitioner. ( c ) Preoperative radio-
graph confi rming endodontic access. The dentist was 
unable to locate the canal orifi ce. Note access prepara-
tion extends below the cervical margin of the tooth and 
an obvious root canal can be seen.  An extensive peri-
radicular radiolucency is evident. ( d ) IAF demonstrating 
successful canal negotiation after careful access refi ne-
ment. Initial access was misaligned due to orientation 
diffi culties arising from the cast restoration in place. 

Access had been directed towards the facial aspect but no 
perforation was noted. Access refi nement was carried out 
using ultrasonic troughing under constant guidance using 
magnifi cation. ( e ) MAF radiograph following working 
length determination. ( f ) 3-month follow-up radiograph 
showing intra-canal medicament dissolution and signifi -
cant reduction in the pre-operative radiolucency. ( g ,  h ) 
Obturation was completed using a warm vertical compac-
tion technique using AH plus cement. ( i ) The patient was 
reviewed a further 9 months later. The radiograph dem-
onstrates an intact periodontal ligament space associated 
with the peri-apex of tooth 22 correlated with complete 
healing       
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(i.e. the instrument should stand upright). 
Radiographic imaging of initial apical fi le place-
ment will also indicate whether any further coro-
nal dentine removal is indicated. Once 
straight-line access is achieved, the clinician can 
be assured that iatrogenic errors such as transpor-
tations, which are common in any curved canal 
space, can be minimised with subsequent apical 
preparation and introduction of fi les of greater 
taper (Fig.  1.9 ).

1.5        Use of Ultrasonics 

 Ultrasonic tips are an excellent tool for refi ning 
access cavities, removing calcifi cations and fi nd-
ing canal orifi ces often hidden by deposition of 
secondary or tertiary dentine. The tips should be 
used with a light brush stroke and medium power 
setting and under constant vision using a dental 
operating microscope. Tips can be selected 
according to intended use, which can be broadly 

a b c d

  Fig. 1.8    Diagrammatic representation of straight-line 
access preparation in a mandibular molar tooth. A parallel 
preoperative radiograph is obtained, and ( a ) an initial 
measurement is calculated as to the depth of the pulp 
chamber in relation to the occlusal surface ( red arrow ). 
( b ) This length is used as a guide for initial penetration 
into the pulp chamber. ( c ) Initial access preparation is 

incomplete with inadequate extension distally. Note fi le 
defl ection as a result causing increased stress and poten-
tial for iatrogenic errors. ( d ) Correct access extension 
using appropriate non-end cutting to refi ne distally. Note 
fi le is now no longer defl ected and therefore less likely to 
result in iatrogenic errors such as apical canal transporta-
tion or fi le separation       

a b c d

  Fig. 1.9    ( a – d ) Clinical diagrams representing use of 
ProTaper shaping fi le S1 in a brushing action to aid 
removal of coronal interferences that prevent straight-line 

access. A lateral cutting action on withdrawal is recom-
mended away from the danger area such as the furcation       
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classifi ed as bulk removal, access refi nement or 
troughing (see Fig.  1.14 ). 

  Bulk removal  
 Bulk removal of dentine and core material such 

as amalgam or composite that can often obstruct 
the initial access preparation can be carried out 
using specifi cally designed tips. Axial wall refi ne-
ment can be carried out using Start-X tip 1, CPR2D 
or BUC 1 tips. The Start-X tip number 1 has a non-
end cutting tip diameter of 0.8 mm, a maximum 
diameter of the active portion of 1.6 mm and a 
blade length of 12 mm. The main indication for 
using this tip is for refi nement of the axial walls. 
The tip can be used to remove restorations, fi lling 
material, caries and dentine interferences that may 
be present on the axial walls without altering the 
morphology of the pulpal fl oor due to its non-end 
cutting tip (Fig.  1.10 ).

    Access refi nement  
 Use of ultrasonic tips to enhance access can 

be carried out with precision with no hand-piece 
head to obscure indirect vision, allowing pro-
gressive cutting of dentine with minimal risk of 
danger. Dentine can be brushed away in smaller 
increments with greater control compared to tra-
ditional use of burs. Traditional techniques 
employed to unroof a pulp chamber advocated 
using large stainless steel round burs which 
would simply drop into the pulp chamber remove 
the roof by a back and forth action without dam-
aging the fl oor. Unfortunately most endodontic 
cases are not carried out in young adults with 
pulp chambers that are so large that they can eas-
ily accommodate such burs. Typically teeth 
requiring endodontic treatment have often under-
gone multiple insults resulting in calcifi cations 
and a diminished pulp volume. Overzealous use 
of burs in these cases will typically result in 
gouging laterally, cervically and towards the fur-
cation and beyond (see Figs.  1.11  and  1.12 ).

    Ultrasonic tips can be used to uncover the 
fl oor of the pulp chamber with less risk of 
 unfavourable damage to the tooth. A number of 
tips are available to refi ne the access cavity. The 
uncovering of the fl oor of the pulp chamber can 
be accomplished using the help of the Start-X tip 
2 or 3, CPR2D or BUC 1 tips (see Fig.  1.10 ). 

 If the dark fl oor of the pulp chamber is not vis-
ible, it may often be obscured with pulp stones or 
tertiary dentine deposits. Removal of these inter-
ferences is not only important to enable location 
of canals but also prevent stones from blocking 
apical anatomy during preparation stages later. 

 The calcifi ed deposits can be carefully 
vibrated or planned away until the dark coloured 
dentinal fl oor is visible (see Fig.  1.10 ). A sharp, 
tapered point at its end characterises the Start-X 
number 3 tip. The diameter of the tip at the base 
of the end is 0.64 mm; the maximum diameter of 
the active portion is 0.9 mm and has a blade 
length of 8 mm. It is very useful when removing 
calcifi cations from the fl oor of the pulp chamber 
or from the coronal 1/3rd of the root canal. 
Additionally this tip is useful for the removal of 
fi bre posts encountered in retreatment cases. 
Note the tip is aggressive and should only be used 
in a very light touch to avoid iatrogenic damage. 

  Troughing  
 During fi ne refi nement of the fl oor of the pulp 

chamber, dentinal overhangs may be removed in 
order to reveal additional or hidden anatomy. 
Maxillary molars commonly have second 
mesiobuccal canal orifi ces located in a bucco- 
palatal groove overlying the mesiobuccal root. 
Mandibular molars may have an additional 
middle-mesial canal located between the 
mesiobuccal and mesiolingual groove. Careful 
troughing of these areas is required to remove 
overlying dentine to safely expose the hidden 
orifi ce, which may often be present. The Start-X 
tip number 2 has an end-cutting tip diameter of 

  Fig. 1.10    Showing step-by-step access refi nement using 
ultrasonics. Note ( a ) preoperative view showing calci-
fi cations present in the coronal pulp chamber typically 
overlying the canal orifi ces ( yellow ). ( b – e ) Ultrasonic 
fi les can be used in an axial and bucco-lingual direction 

to  carefully remove calcifi c material and refi ne the access 
cavity preparation. Overzealous tooth removal is avoided 
ensuring ( f ) correct canal orifi ce identifi cation without 
damaging the fl oor of the pulp and iatrogenic perforation       
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1.0 mm, a maximum diameter of the active 
portion of 1.54 mm and blade length of 8 mm. 
This tip is particularly useful for removal of 
 dentine or calcifi cations overlying the fl oor of the 
pulp chamber and creating grooves allowing the 
removal of all dentinal interferences such as MB2 
orifi ce location (see Fig.  1.13 ).

   Troughing must be carried out diligently since 
removal of dentine in areas such as the fl oor of the 
pulp chamber can lead to irreversible damage. 
The clinician must be aware of the spatial 
 relationship in terms of the danger area and where 
dentine is actively being removed. This is based 
on anatomical knowledge, radiographic pre- and 

a b

  Fig. 1.11    Clinical photograph showing ( a ) excessive lat-
eral dentine removal with gouging of the fl ow ( red arrow ) 
and ( b ) diagrammatic representation showing areas at risk 

which can be avoided ( red shaded ) by the use of ultra-
sonic instrumentation and microscopic visualization       

a b c

  Fig. 1.12    Clinical radiographs and diagrammatic repre-
sentations showing ( a – c ) pre- and postoperative view of a 
case with prior access where overzealous access prepara-
tion has resulted in excessive dentine removal. Axial wall 

refi nement with selection of appropriate ultrasonic tips 
with non-end cutting properties would have been more 
suited to prevent this occurrence       

  Fig. 1.13    Clinical radiographs and photographs demon-
strating ( a ) MB1, DB, and P canal working lengths, ( b ) 
additional MB2 located, ( c – f ) MB2 canal orifi ce ( arrow ) 
located using ultrasonic troughing in a buccopalatal direc-

tion ( dashed line ) followed by careful preparation. Care 
must be exercised when carrying out troughing in this area 
due to risk of perforation of the mesial root fl oor of the 
pulp chamber       
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peri-assessment and clinical spatial assessment of 
the site of troughing, and its relationship to 
 internal (dentine colouration and pre-existing 
 roadmap) and external landmarks (axial walls and 
long axis of the tooth). When in doubt, it may be 
best to stop and take a further radiograph to help 
determine positioning within the tooth (Fig.  1.14 ).

1.6        Calcifi ed Canals 

 Calcifi ed canal systems are a consequence of 
ageing and the cumulative effects of restorative 
procedures and previous insults. The pulp cham-
ber will often be reduced in volume due to the 
deposition of secondary dentine (yellow/grey 
colour) resulting in greater risk of pulpal fl oor 
iatrogenic errors during access preparation pro-
cedures. Tertiary dentine deposition (whiter and 
more opaque in appearance) in response to car-
ies or micro-leakage may also be encountered, 
further reducing the overall pulp volume. The 
natural dome-shaped fl oor of the pulp chamber 
may appear fl atter resulting in narrower canal 

entrances, which are more diffi cult to locate. 
Pulp stones and calcifi cations are best removed 
using ultrasonic tips (see Figs.  1.15  and  1.16 ).

1.7         Clinical Cases 

  Case 1     Endodontic treatment of tooth 16 heavily 
calcifi ed and restored with a ceramic metal crown 

 A fi t and healthy 73-year-old patient was 
referred for endodontic treatment of tooth 16. The 
general dental practitioner had carried out an indi-
rect pulp capping procedure on the mesiobuccal 
canal 2 years ago. A crown had been placed there-
after. Recently the tooth had become sore to touch 
and exacerbated with chewing/biting. Clinical 
examination confi rmed tooth 16 was tender to 
percussion. Radiographic examination revealed 
a peri-radicular radiolucency associated with the 
palatal root. The root canals appeared calcifi ed. A 
decision was made to carry out conventional non-
surgical root canal therapy through the existing 
cast restoration, which had good marginal integ-
rity. Access cavity preparation was carried out 

a b

c d

  Fig. 1.14    Clinical photographs showing ultrasonic tips typically used in endodontics. ( a ) BUC tips, ( b ) CPR tips, and 
( c ,  d ) Start-X tips       
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initially using a tungsten carbide bur confi rming 
a completely calcifi ed pulp chamber. Ultrasonic 
preparation was carried out and the palatal canal 
was located fi rst (Fig.  1.17 ). Previous pulp capping 
material was identifi ed and removed. Following 
extensive troughing mesially, the MB1 and DB 
canals were identifi ed. Patency was achieved in 
all the canals and manual glide path preparation 
completed using stainless steel endodontic fi les. 
Chemomechanical preparation was completed 
using 1 % sodium hypochlorite solution. Rotary 

fi les were used to prepare the canals (ProTaper 
Universal) with recapitulation and patency fi ling 
throughout. All three canals had acute apical cur-
vatures, which were maintained. An intra- canal 
dressing of  calcium hydroxide was placed for 
a period of 4 weeks. Obturation was completed 
using a warm vertical compaction technique using 
AH Plus cement. The access cavity was temporar-
ily sealed and the patient was discharged back to 
the referring dentist for permanent coronal resto-
ration (Fig.  1.18 ).

a b c

d e f

  Fig. 1.15    Showing ( a – f ) clinical photographs of access 
refi nements in cases with calcifi cations overlying the 
canal orifi ces. Careful removal using ultrasonic fi les even-

tually reveals canal orifi ces. Following canal preparation, 
canal orifi ces can be visualized line access       

a b c

  Fig. 1.16    Showing clinical photographs of access refi ne-
ment using ultrasonics in tooth 36. Note ( a ) highly calci-
fi ed root canal system with ( b ) multiple pulp stones which 

following removal reveals the ( c ) darker road map in the 
fl oor of the pulp chamber that leads to canal orifi ces       
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a b c

d e f

  Fig. 1.17    Clinical radiographs and photographs demon-
strating ( a ) preoperative x-ray showing crowned tooth 16 
with completely calcifi ed roof canal system. The patient 
had undergone a direct pulp capping of the MB root 12 
months previously and then a crown preparation. ( b ) Initial 
access preparation revealed a palatal canal which could 

initially be partially negotiated. ( c ) Palatal canal negotiated 
to length (note DB and MB canals remain unlocated). 
Following further ultrasonic debridement and ( d ) removal 
of pulpal fl oor calcifi cations ( white areas ), the darker 
pulpal fl oor anatomy starts to become visible ( e ). ( f ) 
Successful MB1 canal orifi ce located and negotiated       

g h i

  Fig. 1.18    Clinical radiographs demonstrating ( g ) MAF 
radiographs following successful negotiation of the MB1, 
DB, and P canals, ( h ) mid-fi ll x-ray demonstrating apical 
1/3 obturation, and ( i ) fi nal postoperative radiograph 
showing completed case. This case had all the ingredients 

of diffi cult access preparation through a metal-ceramic 
crown, calcifi ed pulp canal system, and acute apical cur-
vatures. Correct access design and preparation from the 
outset case to be completed without any iatrogenic errors 
along the way       

 

 

B. Patel



19

      Case 2     Endodontic treatment of tooth 12 peg- 
shaped lateral masked with composite restoration 
and severely calcifi ed 

 A fi t and healthy 14-year-old patient presented 
with severe localised pain and discomfort associ-
ated with tooth 12. The patient had initially pre-
sented to her general dental practitioner in 2012 
with an unerupted impacted canine tooth. The 
patient was seen for orthodontic treatment includ-
ing canine exposure and alignment using a 
bracket and chain. Further fi xed orthodontic 
appliance therapy was carried out over a period 
of 2 years. The tooth had been reshaped with a 
fi nal composite restoration to improve the fi nal 
aesthetics (Fig.  1.19 ).

   Radiographic examination revealed a widened 
periodontal ligament space associated with the 
peg-shaped lateral incisor (tooth 12) and severe 
calcifi cation of the pulp chamber. The tooth had 
undergone progressive pulp canal obliteration 
following orthodontic fi xed appliance therapy 
(Fig.  1.19 ). A decision was made to attempt 
orthograde root canal treatment. The patient was 
forewarned of the inherent risks when attempting 
to locate canals and that the case was further 

complicated by the composite coronal restoration 
that masked the true orientation of the crown and 
root. Careful alignment was made parallel to the 
long axis of the tooth and initial coronal access 
preparation was completed using a small tapered 
diamond bur. The access cavity was deepened 
with an ultrasonic tip under the use of the dental 
operating microscope. To gain access through the 
calcifi ed dentine, a #08K-fi le was modifi ed with 
the fi nal 1 mm removed using a sterile pair of sur-
gical scissors. This modifi cation allowed an 
improved cutting effi ciency of the fi le with more 
resistance to both deformation and fracture. The 
fi le was carefully advanced 1–2 mm increments 
apically and an apex locator was used to confi rm 
no perforation was evident. Irrigation was carried 
and performed using copious amounts of 1 % 
sodium hypochlorite solution throughout. Once 
the fi le was engaged within the canal, its presence 
was further verifi ed by the observation of ‘bub-
ble’ formations indicating contact with organic 
pulp tissue remnants under the dental operating 
microscope. Patency was eventually achieved 
and chemomechanical preparation completed 
using rotary fi les. An intra-canal medicament of 
calcium hydroxide was placed for 4 weeks and 

a b c d

  Fig. 1.19    Clinical radiographs demonstrating preopera-
tive views of tooth 12. Note ( a ) radiograph taken in 2012 
showing the impacted canine (tooth 13) and peg-shaped 
lateral incisor (tooth 12). Tooth 13 was brought into the 
line of the arch using surgical exposure and bracket and 
chain attachment. ( b ) Radiograph taken in 2013 showing 
tooth 13 in the line of the arch. Note orthodontic fi xed 
appliance therapy was started. Note tooth 12 has a normal 
root canal space and volume at this time. ( c ) Further radio-
graphic examination taken in 2014 showing pulp canal 

obliteration in tooth 12. The tooth was asymptomatic at 
this stage. ( d ) Radiographic examination taken in 2015. 
Orthodontic fi xed appliance therapy was completed, 
brackets have been removed and tooth 12 has been masked 
with a composite restoration for aesthetic purposes. The 
root canal appears heavily calcifi ed with a widened peri-
odontal ligament space noted at the peri-apex. The patient 
was experiencing symptoms of irreversible pulpitis and an 
endodontic referral was made for further management       
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the patient was seen again for review. At the 
review appointment, the patient was asymptom-
atic and a decision was made to proceed to obtu-
ration. Root canal obturation was completed 
using AH Plus cement and a warm vertical com-
paction technique. A temporary double-seal res-
toration of IRM and glass ionomer cement was 
placed and the patient advised to see her general 
dental practitioner for placement of a permanent 
coronal restoration (see Fig.  1.20 ).

     Case 3     Non-surgical root canal treatment of 
tooth 36 with minimal occlusal access 

 A fi t and healthy 60-year-old patient was 
referred for non-surgical endodontic therapy 
of tooth 36. At the consultation appointment, 
the patient was complaining of pain and ten-
derness in relation to tooth 36. Radiographic 
examination revealed a supracrestal coronal 
restoration with degenerative pulpal changes. 

  Fig. 1.20    Clinical radiographs demonstrating root canal 
treatment of tooth 12. Note ( a ) preoperative view with 
obvious pulp canal obliteration. A composite resin restora-
tion ( red ) has been placed to mask the peg-shaped lateral 
to mimic a normal lateral incisor tooth. Access in this tooth 
is fraught with danger. ( b ) Initial apical fi le size radiograph 
following correct access preparation and use of ultrasonic 
troughing. Patency is eventually achieved using small 
K fi les (08 and 010). ( c ) Master apical fi le radiograph. 

Chemo-mechanical preparation has been completed. Care 
was taken to ensure that canal enlargement was carried 
out bearing in mind the overall size of the tooth in ques-
tion. ( d – f ) Obturation is completed using a warm vertical 
compaction technique using AH Plus cement. The access 
cavity is restored with IRM and glass ionomer cement. The 
patient is discharged back to her general dental practitioner 
for placement of a permanent coronal restoration and fur-
ther follow-up is arranged in 6 months       

a b c

d e f
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The coronal pulp chamber appeared dimin-
ished in volume with sclerosed root canals. 
Peri-radicular radiolucencies were noted with 
both mesial and distal apices. Access prepa-
ration was completed through the coronal 
restoration directed at preserving as much 
dentine as possible. Use of the dental operat-
ing microscope was essential in being able 
to visualise internal anatomy and  location of 

four canals. Ultrasonic preparation was used 
to refi ne both the axial walls and removal of 
pulp  calcifi cations obscuring canal orifi ces. 
Chemomechanical preparation was completed 
using 1 % NaOCl solution. A manual glide 
path was created to size .20 before introducing 
rotary instrumentation. Following completion 
of preparation, an interim dressing of calcium 
hydroxide was placed for 4 weeks (Fig.  1.21 ).

  Fig. 1.21    Clinical radiographs demonstrating nonsurgical 
root treatment of tooth 36 with minimal occlusal access 
cavity preparation. Note ( a ) preoperative view showing 
calcifi ed coronal pulp chamber and sclerosed canals with 
periradicular radiolucent lesions. ( b ) MAF preparation 
(DB and DL canal confl uent in the apical 1/3. ( c ) Mid-fi ll 
radiograph following warm vertical compacting using AH 

Plus cement and gutta-percha. ( d ) Postoperative view 
showing completed obturation and coronal temporary res-
toration. Minimal access preparations aimed at dentine 
conservation serve to maximize tooth longevity. The clini-
cian must balance this aim with the additional risks of iat-
rogenic problems such as fi le deformation and fracture and 
obturation diffi culties that can arise as a result       

a b

c d
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   Obturation was completed using a warm verti-
cal compaction technique using AH Plus cement 
and gutta percha. A temporary coronal double 
seal was placed using IRM and glass ionomer 
cement. The patient was referred to his general 
dental practitioner for placement of a cast cuspal 
coverage restoration.  

  Case 4     Non-surgical endodontic treatment of 
tooth 42 requiring improvised access cavity 
preparation 

 A well-controlled hypertensive 46-year-old 
female patient was referred for endodontic man-
agement of tooth 42. The patient had previously 
seen his general dental practitioner for extensive 
caries treatment in the lingual aspect of the tooth. 
The patient had been warned of the deep restora-
tion and possible pulpal sequelae. Following this 
treatment procedure, the patient recalled progres-
sive pain and discomfort with the tooth exacerbated 
initially with chewing/biting and thermal stimulus. 
She recalled recent spontaneous dull pain from the 
tooth, which was relieved by analgesics. The 
patient had seen her dentist who prescribed some 
oral steroids (dexamethasone 4 mg) and a referral 
was sought. The dentist mentioned diffi cult access 
due to labial incisor imbrication in the area. Clinical 
examination revealed tooth 42 was restored with a 
lingual restoration. Tooth 43 was impacted against 
the lingual surface making conventional access 
impossible (see Fig.  1.23 ). Tooth 42 was tender to 
percussion. Radiographic examination revealed an 
extensive coronal restoration overlying the pulp 
chamber. Two canals were noted with no obvious 
signs of apical pathology (Fig.  1.22 ).

   The patient was keen to try and retain the 
tooth and understand the diffi culties with conven-
tional access preparation. The patient was advised 
that a labial approach would be the alternative, 
requiring some aesthetic masking following 
 endodontic completion. The patient was advised 
to stop taking the oral steroids and a further 

 emergency treatment appointment was sched-
uled. After adequate anaesthesia, the tooth was 
isolated under rubber dam and a labial access 
preparation created. Access cavity was refi ned 
with an EndoZ bur to ensure that both labial and 
lingual canals were accessible. Working length 
radiograph was taken confi rming the presence of 
two canals with separate apical foramina 
(Fig.  1.22 ). Chemomechanical preparation was 
completed using 1 % NaOCl solution. An intra- 
canal dressing of calcium hydroxide was placed 
and the patient reviewed a week later. At the 
review appointment, all the patients’ symptoms 
had resolved and tooth remained asymptomatic. 

 The patient was seen for a second treatment 
appointment 3 weeks later for completion of end-
odontic treatment. Obturation was completed 
using AH Plus cement and a warm vertical com-
paction technique. A coronal double-seal 
Biodentine/GIC temporary restoration was 
placed prior to discharging the patient back to her 
general dental practitioner (Fig.  1.23 ).

   This fi nal case highlights that every case 
should keep in mind the basic principles of cavity 
design procedures discussed but occasionally an 
alternative unconventional access design may be 
required to enable adequate treatment to be car-
ried out.  

  Clinical Hints and Tips for Access Preparations 

•      Use of magnifi cation, illumination and 
ultrasonic equipment  
 Greatly improves the ability to successfully 
identify all the root canals in any tooth.  

•    Preoperative parallel radiographs  
 Allows the clinician to mentally visualise 
the precise location of the canals. Assess 
the angulation and rotation of the tooth. 
Identify the position of the cement-enamel 
junction, which indicates the location level 
of the pulpal fl oor. Also identify where the 

  Fig. 1.22    Clinical radiographs and photographs demon-
strating nonsurgical root canal treatment of tooth 42 with 
unconventional buccal access cavity. Note ( a ) preopera-
tive view, ( b ) initial apical fi le (IAF) in buccal canal, ( c ) 

master apical fi le size # 25 in buccal canal and IAF # 
010K fi le in lingual canal, ( d ) MAF buccal and lingual 
canals, ( e ) buccal access cavity, and ( f ) MAF fi les in place       
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furcation is and to approximately what 
length preventing iatrogenic damage.  

•    Anatomical knowledge  
 Pretreatment knowledge and experience of 
what to expect in individual teeth will give 
the clinician the ability to ensure that he 
can locate all anatomy.  

•    Straight-line access  
 The importance of gaining straight-line 
access into the root canals prevents iatro-
genic  damage or problems occurring 

with subsequent cleaning, shaping and 
obturating procedures.         
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  Fig. 1.23    Clinical radiographs and photographs demon-
strating non-surgical root canal treatment of tooth 42 with 
unconventional buccal access cavity due to imbrication 
with tooth 43. Note ( a ) mid-fi ll radiograph following 
warm vertical compaction using AH plus cement and 
gutta-percha. ( b ) Completed endodontic treatment follow-
ing backfi ll using Obtura. A fi nal coronal restoration of 

Biodentine and glass ionomer cement (GIC) was placed. 
Pink GIC was selected so the general dental practitioner 
would not disturb the Biodentine seal overlying the root 
canal orifi ces. ( c ,  d ) Completed buccal access cavity. The 
patient was discharged back to her general dental practi-
tioner for a permanent tooth coloured restoration       
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