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 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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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       

 

 

B. Patel



9

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       
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      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.         

   References 

    1.    Black GV. Operative dentistry, vol. II. 7th ed. Chicago: 
Medico-Dental Publishing; 1936.  

    2.    Clark D, Khademi J. Modern molar endodontic access 
and directed dentin conservation. Dent Clin North 
Am. 2010;54:249–73.  

a b

c d

  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       

 

B. Patel



25

   3.    Clark D, Khademi J, Herbranson E. Fracture resistant 
endodontic and restorative preparations. (120–3). 
Dent Today. 2013;32:118.  

    4.    Clark D, Khademi J, Herbranson E. The new science 
of strong endo teeth. (116–7). Dent Today. 2013;32:
112–4.  

    5.    Gutmann JL. Minimally invasive dentistry 
(Endodontics). J Conserv Dentist. 2013;16(4):282.  

    6.    Ruddle CJ. Endodontic access preparation: an open-
ing for success. Dent Today. 2007;26(2):114.  

    7.    Vertucci FJ. Root canal anatomy of the human perma-
nent teeth. Oral Surg Oral Med Oral Pathol Oral 
Radiol Endod. 1984;58:589–99.  

    8.    Vertucci FJ. Root canal morphology and its relation-
ship to endodontic procedures. Endod Topics. 2005;
10:3–29.  

    9.    Slowey RR. Root canal anatomy. Road map to suc-
cessful endodontics. Dent Clin North Am. 1979;23:
555–73.  

   10.   Castellucci A. Endodontic radiography. In: Castellucci 
A, editor. Endodontics. vol 1, 2nd ed. Italy: Tridente 
Florence; 2006, pp. 66–119.  

    11.    Patel S, Rhodes J. A Practical guide to endodontic 
access cavity preparation in molar teeth. BDJ. 2007;
203:133–40.  

    12.    Krasner P, Rankow HJ. Anatomy of the pulp chamber 
fl oor. J Endod. 2004;30:5–16.  

    13.    Kulild JC, Peters DD. Incidence and confi guration of 
canal systems in the mesio-buccal root of maxillary 
fi rst and second molars. J Endod. 1990;16:311–7.  

   14.    Coehlo de Carvalho MC, Zuolo ML. Orifi ce locating 
with a microscope. J Endod. 2000;26:532–4.  

    15.    Baldassari-Cruz LA, Lilly JP, Rivera EM. The infl u-
ence of dental operating microscopes in locating the 
mesio-lingual canal orifi ces. Oral Surg Oral Med Oral 
Pathol Oral Radiol Endod. 2002;93:190–4.  

    16.    Clark D. The operating microscope and ultrasonics: a 
perfect marriage. Dent Today. 2004;23:74–81.  

   17.    Tomson P, Lea SC, Lumley PJ, Walmsley AD. 
Performance of ultrasonic retrograde systems. J Endod. 
2007;33:574–7.  

    18.    Plotino GL, Pameijer CH, Grande NM, Somma 
F. Ultrasonics in endodontics: a review of the litera-
ture. J Endod. 2007;33:81–95.  

    19.    Iqbal MK. Non surgical ultrasonic endodontic instru-
ments. Dent Clin N Am. 2004;48(1):19–34.  

    20.    Park E. Ultrasonics in endodontics. Endodont Topics. 
2013;29:125–59.  

    21.    Rezai FR. Dental treatment of patient with a cardiac 
pacemaker: review of the literature. Oral Surg Oral 
Med Oral Pathol. 1977;44:662–5.  

    22.    Stoopler ET, Sia YW, Kuperstein AS. Does ultrasonic 
dental equipment affect cardiovascular implantable 
electronic devices? J Can Dent Assoc. 2011;77:b113.      

1 Access Preparation



27© Springer International Publishing Switzerland 2016 
B. Patel (ed.), Endodontic Treatment, Retreatment, and Surgery, 
DOI 10.1007/978-3-319-19476-9_2

      Temporary and Interim 
Restorations in Endodontics                     

     Sarita     Atreya      and     Bobby     Patel    

    Summary  

  One of the fundamental aims of root canal treatment is to reduce the micro-
biological load from within the root canal system to suffi ciently low levels 
below a critical threshold that will allow an environment conducive to heal-
ing. This aim is achieved through the various stages of root canal treatment 
including interim temporary restorations that help prevent recontamination. 
Many different materials and techniques have been proposed based on 
numerous in vitro and in vivo studies. The clinician must ensure that a suit-
able material is selected and placed based on the type of endodontic proce-
dure carried out and taking into considerations occlusal factors, length of 
intended time, material thickness and placement technique.  

    Clinical Relevance 

 Teeth that are undergoing root canal treatment 
or following completion are susceptible to 
microbial recontamination if adequate steps 
have not been taken. Temporary restorations 
are essential to preventing coronal leakage, 
both in the short and long term during and 
immediately following completion of treat-
ment. During multi-visit treatments, appropri-
ate intra-canal inter-appointment medicaments 

are recommended. The use of orthodontic 
bands and copper bands may be indicated for 
cracked teeth and badly broken- down teeth. 
Following completion of treatment, orifi ce bar-
riers can be used as secondary seals overlying 
the three-dimensional gutta-percha root fi lling. 
Permanent restorations are recommended to 
ensure the long-term success of treatment.  

2.1     Review of Materials Used 
for Temporization 
in Endodontics 

 Pulpal and peri-radicular disease develops when 
microorganisms and/or their by-products invade 
the root canal system, resulting in contamination 
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and ensuing infection [ 1 – 5 ]. The major aim of 
root canal treatment is to remove these irritants 
from within the root canal system and prevent 
future recontamination following adequate clean-
ing, shaping and obturating procedures which 
provides a three-dimensional seal against bacte-
rial ingress [ 6 – 8 ]. 

 Prevention of contamination of the root canal 
system by saliva, often referred to as “coronal 
leakage” or “coronal microleakage”, is impera-
tive to the long-term success and is highlighted 
by the need for providing an adequate coronal 
restoration following completion of endodontic 
therapy. Ray and Trope correlated the quality of 
both the root fi lling and the permanent coronal 
restoration in 1010 teeth with the periapical status 
assessed by radiographs. A stronger correlation 
was found between the presence of a periapical 
lesion and poor coronal restoration than poor qual-
ity of endodontic treatment. The combination of 
good endodontic quality (GE) and good coronal 
restoration (GR) had the highest absence of peri- 
radicular infl ammation (API) at 91.4 %. These 
fi ndings concluded that the technical quality of the 
coronal restoration was more important than the 
technical quality of the endodontic treatment (see 
Table  2.1 ). Poor restorations, determined radio-
graphically by signs of overhangs, open margins 
or recurrent decay, had a negative impact on out-
come. They suggested that leakage of bacteria and 
their by-products along the margins of restorations 
or root fi llings was responsible for instigating or 
sustaining apical periodontitis. The interrelation-
ship between coronal restoration and periapi-
cal health nevertheless is not clear-cut. Tronstad 
and colleagues evaluated the periapical status of 
1001 teeth using full mouth radiographs randomly 

selected from patient charts. Where the quality of 
the endodontic treatment was poor, then the qual-
ity of the coronal restoration had no signifi cance. 
Hommez and colleagues, randomly investigating 
745 root-fi lled teeth, found that both the quality of 
the coronal restoration (judged radiographically) 
and the length of homogeneity and the root canal 
fi llings signifi cantly infl uenced periapical status. It 
seems that suboptimal root canal fi llings and defi -
cient restorative treatment both have a negative 
impact on treatment outcome [ 9 – 14 ].

   A retrospective study carried out over 3 years on 
55 patients who had adequately root-fi lled teeth that 
had inadequate coronal restorations due to decay 
or that had been lost were investigated. At the end 
of the observation period 78 % of the teeth showed 
identical periapical conditions compared to the 
preoperative status showing no signs of apical peri-
odontitis [ 15 ]. A further histological examination 
using Brown and Brenn staining of longitudinal sec-
tions of 39 root specimens in 32 extracted teeth was 
used to determine the role of coronal bacterial leak-
age and periapical health outcomes. All teeth had 
been lacking coronal restorations for a minimum of 
3 months and in some specimens for several years. 
They concluded that despite prolonged exposure 
to the oral environment, bacterial penetration only 
seemed to occur in the coronal portion of roots in 
the majority of cases. It thus appears that well pre-
pared and optimally sealed root canals resist bacte-
rial penetration even after long exposures to the oral 
environment [ 16 ] (Fig.  2.1 ).

   Numerous in vitro studies, using radioisotopes, 
dyes and microbes, have shown that exposure of 
coronal gutta-percha to bacterial contamination 
can lead to migration of bacteria and bacterial by-
products to the apex in a matter of days. In 1990 
Torabinjead and colleagues studied the penetra-
tion of  Staphylococcus epidermidis  and  Proteus 
vulgaris  on 45 single-rooted extracted teeth sealed 
by lateral condensation and Roth’s sealer, but 
without coronal restorations. In 19 days, 50 % of 
teeth were contaminated to their full length after 
exposure to  S. epidermidis . In 52 days, 50 % of 
teeth were contaminated to full length after expo-
sure to  P. vulgaris . Magura and colleagues evalu-
ated the effect of salivary  percolation in 150 
single-rooted extracted teeth over a time period of 

   Table 2.1    Percentage success determined by the absence 
of periapical pathology in relation to quality of  endodontic 
treatment and coronal restoration [ 9 ]   

 Quality of the 
endodontic 
treatment 

 Quality of the 
coronal 
restoration 

 % success (absence 
of peri-radicular 
infl ammation (API)) 

 Good  Good  91.4 
 Good  Poor  44.1 
 Poor  Good  67.7 
 Poor  Poor  18.1 

S. Atreya and B. Patel



29

3 months. The teeth were sealed by lateral con-
densation and Roth’s sealer prior to salivary expo-
sure. Teeth were evaluated by means of dye and 
histology. They concluded that retreatment should 
be considered in any case that has been exposed to 
the oral environment for over a 3-month period 
prior to placement of a defi nitive coronal restora-
tion. In 1993 Khayat and colleagues showed that 
when the coronal 3 mm of root fi lling was 
removed and sealed with sticky wax, no leakage 
of bacteria occurred, whereas all root fi llings 
sealed by lateral condensation and Roth’s cement 
without a coronal orifi ce barrier were penetrated 
within 30 days. Although both in vitro and in vivo 
studies have questioned this correlation, taken 
together it seems essential to prevent coronal 
leakage secondary to restorative failures, both 
during endodontic treatment and following com-
pletion. Both temporary/interim and fi nal defi ni-
tive restorations must be placed, keeping in mind 
not only the capability of withstanding the physi-

cal, chemical and thermal stresses within this 
harsh oral environment but also to provide a fur-
ther barrier against the rich resident microfl ora 
that exists [ 17 – 21 ]. 

 Prior to commencing endodontic therapy, it is 
essential to minimize potential bacterial ingress 
into the tooth via caries, cracks, exposed dentine 
and broken-down restoration margins. Complete 
removal of caries and defective restorations, estab-
lishment of sound supragingival tooth margins 
(required for optimal rubber dam placement) and 
restorability assessment are mandatory for all 
cases. Potential cracks and fracture lines should be 
identifi ed using dyes or fi bre optics to ensure that 
long-term success is both predictable and achiev-
able. If the existing restoration, crown or onlay 
appears to be clinically and radiographically satis-
factory and replacement is not planned, then the 
internal chamber and restorative material should be 
carefully inspected using magnifi cation to ensure 
that neither caries or marginal gaps exist [ 22 – 27 ]. 

a b

  Fig. 2.1    Preoperative radiographs demonstrating root 
canal treatments of teeth 11 and 21. ( a ) Tooth 21 has a 
technically defi cient root canal fi lling with a void in the 
apical 1/3rd. The coronal restoration is nevertheless 
deemed good with no marginal discrepancies noted. An 
intact periodontal ligament space is observed. Tooth 11 

has a well obturated root canal with an obvious peri-radic-
ular radiolucent lesion ( dotted green line ). ( b ) A horizon-
tal tube shift radiograph confi rms marginal discrepancies 
( red arrows ) which may account for bacterial ingress and 
recontamination of the root canal space       
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 Many different temporary materials and tech-
niques have been proposed for the restoration of 
teeth during endodontic therapy (see Table  2.2 ). 
Commonly used materials within endodontics 
include gutta-percha, glass ionomer cements 
(GIC), resin-modifi ed GIC, composite resin, amal-
gam, reinforced interim restorative material in a 
zinc oxide eugenol base (IRM, Dentsply Caulk, 
Milford, USA) and calcium sulphate- based fi lling 
material (Cavit, 3 M ESPE, Seefeld, Germany). 
Cavit and IRM have withstood the rigours of test-
ing and evaluation and can be used in combination 
to produce a “double seal”. Alternatively GIC can 
be used in conjunction with Cavit as the external 
material of this desirable “double seal” [ 28 – 37 ].

   Prior to temporary fi lling placement during 
multi-visit endodontic treatment, an intra-canal 
inter-appointment medicament such as calcium 
hydroxide can be placed in the root canal to act 
as a barrier to the ingress of microorganisms. A 
dry cotton wool pledget can be placed to occlude 
the canal orifi ces preventing temporary fi lling 
material from displacing into the canals. The 
cotton wool can also act as a guide when reac-
cessing the tooth preventing iatrogenic errors 
such as inadvertent over-drilling and possible 
perforation, thus simplifying access for subse-
quent endodontic or restorative procedures. The 
cotton wool should also be thin enough to allow 
for suffi cient space between the cotton wool and 
cavosurface margin of the access preparation 
permitting placement of an adequate thickness 
of temporary fi lling material. Some authors do 
not believe there is an indication for cotton wool 
pledget use with an increased inadvertent risk of 
fi bres adhering to cavity walls and serving as a 
wick [ 28 ,  38 ,  39 ] (Fig.  2.2 ).

   Stainless steel orthodontic bands have been 
recommended for the use of endodontically 
treated posterior premolar and molar teeth in 
conjunction with the placement of interim resto-
rations. The main purpose of using bands is to 
protect the tooth from cuspal fracture (particu-
larly in cracked teeth) and aid in strengthening 
and retaining the interim restoration during the 
endodontic phase of treatment [ 29 ,  40 ]. 

   Table 2.2    Various materials used for temporization in 
endodontics   

 Situation  Materials 

 Temporization of 
access cavity 

 Gutta-percha, zinc phosphate 
cement, polycarboxylate 
cement, zinc oxide/calcium 
sulphate, zinc oxide eugenol, 
GIC, composite resin 

 Broken-down teeth  Copper bands, orthodontic 
bands, temporary crown, 
pin-retained amalgam, GIC, 
composite resin 

 Nonvital walking 
bleach 

 IRM, polycarboxylate, zinc 
phosphate, GIC, Cavit 

 Long-term 
temporization 

 GIC, composite resin, amalgam 
cuspal coverage restorations 

  Fig. 2.2    Diagrammatic representation of various methods 
of interim restorations. Note ( a ) cotton wool pledgets 
placed over the canal orifi ces (dressed with medicament) 
to prevent dislodgment of overlying temporary restorations 
into the canals. The cotton wool must not have fi bers 
adhering to the adjacent walls and externally that can result 

in a salivary wicking effect and recontamination. ( b ) 
Gutta-percha material placed over medicated canals to pre-
vent material extrusion, ( c ) no temporary barrier used 
below the “double seal” restoration of IRM and glass iono-
mer cement, and ( d ) example of an orthodontic molar band 
with equal mesial and distal heights supragingi       
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 The copper band provisional restoration is an 
ideal choice for ensuring adequate sealing and 
isolation of badly broken-down teeth. Its use can 
often transform a complex endodontic access 
preparation with minimal retentive walls into a 
class I cavity with adequate retention and strength 
for the interim temporary core [ 41 ,  42 ]. 

 Following dismantling of a cuspal coverage 
cast restoration, the use of a well-fi tting provi-
sional restoration is desirable to prevent both 
tooth movement and coronal microleakage during 
endodontic procedures. A multitude of materials 
are available including direct chairside materials 
such as preformed crowns (made of plastic or 
metal), self-cured or light-cured resins or resin 
composites and cements. Laboratory- formed tem-
poraries are generally made in self- cured or heat-
cured acrylic or cast metal. Common self-cured or 
light-cured resins used either directly or indirectly 
include polymethyl methacrylate (e.g. Snap, 
Trim), bis-acryl composite (e.g. Protemp) and 
restorative composite. Bis-acryl composites pro-
duce less heat and shrinkage during polymeriza-
tion than other resins, resulting in better marginal 
fi t. Proprietary temporary cement materials are 
used to retain the provisional restoration in place 
and allow for easy removal if required (e.g. 
Tempbond) [ 43 ,  44 ]. 

 When a custom-made post and core restora-
tion is planned, a temporary post crown restora-
tion may be required. Due to the inadvertent risk 
of further bacterial contamination of the root 
canal space, the temporary post and core restora-
tion should be left in place for as short a time as 
possible. The use of prefabricated post and core 
systems immediately after completion of end-
odontic treatment has the advantage of minimiz-
ing microleakage and recontamination. An 
alternative method to reduce the possibility of 
coronal seal disturbance would be the use of a 
full coverage vacuum-formed retainer to replace 
the missing coronal tooth structure. These types 
of removable prosthodontics options have been 
used for temporization in the aesthetic zone after 
implant fi xture placement [ 45 – 47 ]. 

 Temporization for internal bleaching (walk-
in bleach technique) requires the use of both a 

protective barrier overlying the orthograde gutta- 
percha material and suitable temporary restor-
ative materials to be placed over the bleaching 
agent in between bleaching appointments. 
Polycarboxylate, zinc phosphate, glass ionomer, 
IRM or Cavit of at least 2 mm thickness are rec-
ommended for the purpose of barrier protection. 
Cavit and Coltosol with suffi cient bulk can be 
used as interim restorations during the bleaching 
procedures (see Chap.   18    ). 

 After completion of endodontic treatment 
gutta-percha can be cut back to within the 
canal orifi ces, and an intra-orifi ce barrier can 
be placed to protect it. The uses of intra-orifi ce 
barriers, which are restorative materials placed 
over the canal orifi ces and covering the pulp 
chamber fl oor, have been advocated to provide 
a secondary seal. Criteria have been proposed 
for the ideal intra-orifi ce barrier. They should: 
(a) be easily placed and bond to tooth structure 
(retentiveness), (b) seal effectively against cor-
onal microleakage, (c) be easily distinguished 
from the natural tooth colour and (d) not inter-
fere with the fi nal restoration of the access 
preparation. This material can be any material 
that will bond or seal the dentine and have a dis-
tinguishable colour from dentine. Common ori-
fi ce barriers include Tetric Chroma (Vivadent), 
Permafl ow Purple (Ultradent), Flow-it clear 
(Pentron) or resin- modifi ed glass ionomer 
material [ 48 ,  49 ]. 

 No current restorative material can claim to 
prevent microleakage completely. Interim tem-
porary restorations serve to reduce contamina-
tion of the root canal system until permanent 
restorations have been placed. Due consideration 
when selecting a temporary material should be 
given based on the amount of remaining tooth 
structure, occlusal forces likely to be placed and 
length of intended time prior to three-dimen-
sional obturation and permanent restoration pro-
cedures. Adequate thickness of material and 
accurate placement are crucial in minimizing 
recontamination. Clinicians should consider all 
factors and ensure that optimal temporary/
interim restorations are placed to ensure optimal 
clinical outcomes.  
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2.2     Specifi c Materials 
for Temporization 

  Cavit  
 Cavit is a premixed temporary fi lling material 

that contains zinc oxide, calcium sulphate, zinc 
sulphate, glycol acetate, polyvinyl acetate resins, 
polyvinyl chloride acetate, triethanolamine and 
pigments. It is a hygroscopic material, and its abil-
ity to attract and hold water molecules results in a 
high coeffi cient of linear expansion with excellent 
marginal sealing ability. At least 3–4 mm of thick-
ness is required to ensure optimal sealing ability. 
The material is ideal when used in conjunction 
with glass ionomer cement as a “double seal” res-
toration during root canal treatment and following 
completion prior to permanent restoration. 

  Coltosol  
 Coltosol is a zinc oxide, zinc sulphate and cal-

cium sulphate hemihydrate-based material that 
hardens within 20–30 min when in contact with 
moisture. According to the manufacturer, the 
temporary fi lling can be subjected to masticatory 
forces within 2–3 h of placement. This material is 
recommended for short-term temporization not 
exceeding 2 weeks. 

  Zinc oxide eugenol  
 Zinc oxide eugenol is a widely used temporary 

restorative material consisting of powder (zinc 
oxide, pulverized glass or silica) and liquid (zinc 
chloride and borax). Reinforced zinc oxide eugenol 
preparations (Kalzinol) using a polystyrene poly-
mer results in doubling of the compressive strength 
important in areas subjected to mechanical loading. 
Reinforced zinc oxide eugenol preparations (IRM) 
using polymethyl methacrylate provide improved 
compressive strength and hardness. During inter-
appointment temporization, the use of a low pow-
der to liquid ratio of zinc oxide eugenol preparations 
including IRM can provide adequate resistance to 
microbial penetration. A double seal technique 
using glass ionomer cement to overlay an adequate 
thickness of IRM will be effective in maintaining a 
good marginal seal. 

  Glass ionomer cement  
 Conventional glass ionomer cements contain a 

fl uoroaluminosilicate ion leachable glass and a 
water-soluble polymer acid, which reacts to form 

cement. Current materials may contain a 
poly(alkenoic acid), which contains a copolymer 
of acrylic acid with itaconic or maleic acid. The 
polymer is often supplied as a dry powder 
blended with the glass. The powder is either hand 
mixed with water or supplied as capsules for 
mechanical mixing. Tartaric acid is often added 
to provide a clinically acceptable setting time. On 
mixing an acid-base reaction between the aque-
ous poly(alkenoic acid) and glass occurs. The 
outer layers of the glass particles decompose, 
releasing calcium and aluminium ions. These 
ions migrate into the aqueous phase forming 
cross-linked polyalkenoate chains, resulting in 
gelation and setting of the material. The set 
cement consists of a core of unreacted glass par-
ticles surrounded by a salt-like hydrogel bound 
by the matrix of reaction products. Glass ionomer 
cements can chemically bond to tooth structure, 
further reducing any marginal discrepancies 
between restorative and tooth interface. In end-
odontics they are ideal temporary restorations but 
need to be replaced over the long term due to low 
tensile strengths making them unsuitable in load-
bearing areas of the mouth. 

  Composite resin restorations  
 Composite restorations consist of four main 

components, namely, the resin (organic polymer 
matrix), fi ller particles (inorganic), coupling agent 
(silane) and the initiator-accelerator of polymer-
ization. The most common resin monomers used 
in composite restorations is BisGMA. To accom-
modate better fi ller load, triethylene glycol 
dimethacrylate (TEGDMA) or urethane dimeth-
acrylate (UDMA) is added. Filler particles pro-
vide dimensional stability for the soft resin matrix 
and vary in size. Common fi ller particles include 
crystalline quartz, silica and glasses such as bar-
ium and strontium silicate. The size of the fi ller 
particles incorporated in the resin matrix has 
evolved over the years. Filler particles determine 
the mechanical properties of the composite mate-
rial including wear, translucency, opalescence, 
radiopacity, surface roughness and polishability. 
Filler particle sizes can be classifi ed into microhy-
brid, microfi ll or nanofi ller. Microhybrid fi ller 
particles consist of glass or quartz particles rang-
ing in sizes of 0.2–3 and 0.04 μm microfi ne 
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 particles. Microfi ll particles sizes range from 0.02 
to 0.04 μm and nanohybrids are 0.01–0.04 μm. 
The coupling agent silane helps form a bond 
between the resin matrix and fi ller particles dur-
ing the polymerization setting reaction. Initiators 
and accelerators are added for either chemical 
(aromatic tertiary amines) or photo-activated light 
curing (camphorquinones). 

 Enamel consists of 96 % inorganic hydroxy-
apatite prisms, 1 % organic material and 3 % 
water. In 1971 Buonocore showed that it was 
possible to bond resin to enamel after etching 
with 20–50 % phosphoric acid. Dentine consists 
of approximately 70 % inorganic hydroxyapatite, 
20 % organic material (mainly collagen) and 
10 % water. Dentine also consists of dentinal 
tubules that contain water making the hydrophobic 
resin diffi cult to penetrate. In addition the cut 
surface of dentine is covered by a smear layer 
composed of deranged dentine and bacteria, 
further reducing the potential adherency of resin 
to the underlying dentine. In 1982 Nakabayashi 
treated the dentine surface with an acidic primer, 
resulting in a demineralized dentine surface of 
approximately 10 μ prior to application of the 
bonding resin 4-META (4-methacryloyloxyethyl 
trimellitate). This resulted in micromechanical 
interlocking of the resin by collagen mesh, 
termed the hybrid layer. 

 Numerous bonding systems have evolved, 
broadly classifi ed into either resin-based systems 
with an etch and rinse approach or self-etch 
adhesive systems. The fourth-generation bonding 
systems (Scotchbond 1, 3 M, ESPE, St Paul, MN, 
USA, or Optibond, Kerr, Orange, CA, USA) 
allowed for the removal of the smear layer using 
30–40 % phosphoric acid involving several steps 
of etching, washing with water, drying, 
application of a primer or adhesion-promoting 
agent and fi nally applying a dentine-bonding 
agent. The fi fth-generation dentine-bonding 
agents aimed at reducing/simplifying the number 
of steps by combining the primer and bonding 
agent in one bottle. The sixth-generation self- 
etch adhesive systems were introduced that differ 
from the previous etch and rinse systems by the 
use of an acidifi ed resin which is not washed off 
like the previous phosphoric acid in the etch and 

rinse systems. Two types of dentine-bonding 
agent systems are available. A two-step 
application of self-etching primer followed by 
bonding agent application (Prime&Bond NT, 
Dentsply, Wybridge, UK) and one-step 
application where the etching and bonding 
components are mixed, prior to their application 
as one solution (One-up Bond F, Tokuyama, 
Tokyo, Japan). The sixth-generation one- and 
two-step adhesives dissolve the smear layer, and 
their components become incorporated into the 
hybrid layer in contrast to previous generations 
where the smear layer was removed by washing 
following application of phosphoric acid. 

  Resin-modifi ed glass ionomer cements  
 These materials have two setting mechanisms: 

a glass ionomer acid–base reaction and a resin 
light-activated polymerization reaction. The 
resin-modifi ed glass ionomer cement shows bet-
ter aesthetic results and is less technique sensitive 
and soluble compared to conventional glass iono-
mer cements as a result of the resin content. 

  Amalgam  
 Dental amalgam has stood the test of time and 

has been successfully employed as a direct poste-
rior restorative fi lling materials for over a cen-
tury. Despite its popularity amongst general 
dental practitioners, including ease of manipula-
tion, cost-effectiveness, strength, durability and 
long-term clinical performance, the issue of mer-
cury toxicity remains a concern. The develop-
ment of high-copper amalgams (whereby 30 % of 
the silver was replaced by copper) has resulted in 
improved corrosion and creep resistance and 
reduced ditching attributed to the tin-mercury 
(Y2 phase) formed in the set amalgam. Dental 
amalgam alloys contains silver (40–70 %), tin 
(12–30 %), copper (12–30 %) and trace elements 
including indium (up to 4 %), palladium (0.5 %) 
and zinc (up to 1 %). The inclusion of zinc has 
been reported to delay the expansion of amalgam 
on setting. The major disadvantage of dental 
amalgam has been its inability to adhere to tooth 
structure. Mechanical retention by means of 
slots, grooves and pins has been recommended 
and alternative bonded amalgam techniques to 
ensure preservation of tooth structure. The use of 
amalgam as an interim restoration in endodontics 
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has been advocated, utilizing the coronal pulp 
chamber for added retention (Nayyar cores) and 
provisional cuspal coverage restorations where 
the long-term prognosis is questionable.  

2.3     Orthodontic Bands 

 The cementation of orthodontic stainless steel 
bands around cracked teeth to prevent catastrophic 
fracture and aid in the endodontic diagnosis 
remains a widely accepted management tech-
nique. Bands can also be useful when used in con-
junction with interim temporary restorations in 
large cavities that are missing cusps or where 
cusps are susceptible to fracture during the course 
of endodontic treatment (Fig.  2.3 ).

   Before banding, space is created interproxi-
mally to allow for band fi tting and cementation. 
This can be achieved by either placement of elas-
tomeric separators mesially and distally or the 
use of a bur to remove tooth/restorative material 
interproximally. Care must be taken when using 
the latter approach to avoid damage to the adja-
cent tooth. 

 Separators are placed with the help of an 
instrument that spreads the elastomeric module 
to allow threading the separator between the con-
tacts of neighbouring teeth (using a separator 
plier). Dental fl oss can also be used to pass the 
separator under the interproximal contact and 
then popping one side up through the contact. 
Separators usually need to be in place for 4–7 
days to achieve adequate space. 

  Fig. 2.3    Clinical photographs demonstrating stainless steel 
orthodontic band placement on a mandibular second molar 
tooth. Note ( a ) the band is seated with fi nger pressure to 
check correct size. The band is seated in the same amount 
(1–2 mm) below the marginal ridge heights of mesial and 

distal contact. ( b–d ) Band adjustment is carried out and 
trimmed to ensure there is no occlusal interference and 
then polished accordingly. ( e ) Placement of glass ionomer 
cement around the band prior to seating. ( f ) Band cementa-
tion, ( g ) seating, and ( h ) trimming of excess material       
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 The clinical steps associated with orthodontic 
band placement are as follows:

    1.    Separation of interproximal contacts is 
achieved by use of either band separators or use 
of the thinnest diamond tapered bur or disc.   

   2.    A preliminary molar/premolar band size is 
selected and checked in the mouth. The band 
is passively seated on the tooth ensuring the 
contacts are free and adequate separation has 
been achieved.   

   3.    A correct band size selected should passively 
go over all cusps but should not seat down 
completely with just fi nger pressure. Once the 
correct size has been determined, the band is 
initially seated using a band pusher using a 
mesial and distal rocking motion. A bite stick 
can be used to facilitate the completion of the 
seating process with the patient biting on 
facial and lingual aspects of the band.   

   4.    Often there may be a need to adjust the occlu-
sal edge of the band to avoid occlusal interfer-
ence, and this should be done during the trial 
seating stage. The adjusted band edges should 
be polished and trimmed to ensure comfort for 
the patient.   

   5.    Once trial seating is completed and band 
adjustment completed, the band can be 
cemented in place using the same technique. 
Glass ionomer cement can be placed on the 
internal aspects of the band for cementation 
purposes. Excess cement is removed.   

   6.    A fi nal check should be made to ensure that 
the band is correctly seated without any gingi-
val impingement and occlusal interference is 
absent.   

   7.    The band can easily be removed prior to fi nal 
defi nitive restoration by cutting the band on 
either facial or lingual aspects using a dia-
mond bur. Residual cement can be easily 
removed using an ultrasonic scaler.      

2.4     Copper Bands 

 Severely broken-down teeth may require the use 
of a copper band to aid retention of temporary 
restorative materials and ensure adequate sealing 

during endodontic procedures. With care and 
skill, a copper band can be adapted, secured and 
customized to fi t the tooth tightly ensuring a good 
interim restoration is in place prior to completion 
of endodontic treatment and defi nitive restorative 
treatment. The step-by-step procedure for place-
ment of a copper band is as follows:

    1.    The restoration is removed and the tooth is 
made caries-free. Restorability is assessed 
ensuring suffi cient biological width and fer-
rule is available.   

   2.    A polishing strip is used to ensure that inter-
proximal contacts are relieved. A copper 
band is selected that is slightly smaller than 
the circumference of the middle one third of 
the clinical crown and is pushed down onto 
the tooth. A pencil can be used to mark the 
free gingival margin and occlusal surface 
(Fig.  2.4 ).   

   3.    The band is removed, and crown scissors 
are used to trim the marked gingival mar-
gin on the band to ensure the band contacts 
when seated. Next the occlusal surface is 
trimmed to ensure that no occlusal interfer-
ence is present on both lateral and protrusive 
excursions.    

   4.    Occlusal and gingival margins of the band 
that have been adjusted are smoothed and 
polished using a brown and green stone.   

   5.    Prior to fi nal cementation, the band is 
reseated and checked for fi t. Zinc phosphate 
cement or glass ionomer restorative material 
is manipulated according to manufacturers’ 
instructions and placed around the band. The 
band is seated into position and excess mate-
rial removed accordingly.      

2.5     Clinical Cases 

  Case 1     Endodontic management of tooth 15 
requiring a cast cuspal coverage restoration 

 A fi t and healthy patient was referred for 
cracked tooth syndrome associated with tooth 15. 
The patient had recently sustained a fall, result-
ing in an avulsion injury of tooth 44. The patient 
had been experiencing sharp pain on biting and 
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  Fig. 2.4    Clinical photographs demonstrating placement 
of a copper band on a mandibular lower left molar tooth. 
Note ( a, b ) preoperative views of an extensive amal-
gam restoration that has fractured on the mesio-lingual 
aspect. ( c ) Restorability assessment is carried out fol-
lowing complete dismantling of the existing  restoration. 
( d ,  e ) Measurement of mesiodistal and bucco-lingual 

 dimensions of the tooth enabling ( f ,  g ) appropriate 
band selection. ( h ) Initial try-in of the copper band. ( i ) 
Trimming of the band and ( j ) further try-in to check 
occlusal and ( k ) gingival marginal fi t. ( l ) Band adjustment 
and fi nal trimming prior to fi nal ( m, n ) rechecking fi nal fi t. 
( o ) Cementation of band using zinc phosphate cement and 
( p ) fi nal adjustments following band cementation       
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tenderness to percussion with tooth 15. Pulpal 
tests revealed  negative responses to both electric 
pulp testing and thermal stimulus. Radiographic 
assessment revealed an unrestored tooth with no 
obvious periapical changes. A provisional diag-
nosis of acute apical periodontitis was made and 
endodontic treatment commenced. Following 
access  preparation and inspection for any internal 
crack lines, a decision was made to place a stain-
less steel orthodontic band to prevent catastrophic 
cusp fracture. 

 Following pulp canal preparation and intra- 
canal calcium hydroxide dressing placement, a 
temporary restoration of cotton wool, IRM and 
glass ionomer cement was placed. Obturation 
was carried out 4 weeks later. A warm vertical 
compaction technique was used using gutta- 
percha and AH plus cement. The coronal gutta- 
percha was cut back to allow for placement of a 
secondary orifi ce barrier (Permafl ow). A double 
seal restoration of IRM and glass ionomer was 
placed as an interim restoration prior to defi nitive 

a b

c d

  Fig. 2.5    Clinical radiographs of endodontic treatment of 
tooth 15 diagnosed as acute apical periodontitis with sus-
pected crack tooth syndrome. An orthodontic band was 
placed to protect the cusps. Note ( a ) preoperative radio-
graph demonstrating unrestored tooth 15, ( b ) MAF prepa-

ration, and ( c ) postoperative radiograph. ( d ) Completed 
endodontic seal from apex to coronal end consisting of 
gutta-percha root fi lling ( orange ), secondary orifi ce seal 
barrier ( purple ), IRM restoration ( white ), and glass iono-
mer cement ( yellow )       
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cast restoration with the general dental practitio-
ner (see Figs.  2.5  and  2.6 ).

      Case 2     Endodontic management of tooth 15 
requiring a cast post and core restoration 

 A fi t and healthy patient was referred for end-
odontic treatment of tooth 15. The patient had 
presented to his general dental practitioner with a 
fractured tooth. Restorability assessment was car-
ried out, and the dentist was planning to restore the 
tooth with a cast post and core restoration follow-
ing completion of endodontic treatment. Access 
preparation revealed a necrotic canal system with 

an apical curvature. Chemomechanical prepara-
tion was completed using a combination of hand 
stainless fi les and rotary fi les using 1 % sodium 
hypochlorite solution. An interim dressing of cal-
cium hydroxide was placed for a 4-week period. 
The tooth was temporized with IRM and glass ion-
omer cement. At the obturation appointment, the 
tooth was asymptomatic. A warm  vertical com-
paction technique was used using gutta- percha and 
AH plus cement. The gutta-percha was cut back 
leaving 7 mm of gutta-percha. The remaining post 
space was dressed with calcium hydroxide. A tem-
porary coronal restoration of IRM and glass iono-

  Fig. 2.6    Clinical photographs demonstrating temporiza-
tion of tooth 15 following completion of obturation at sec-
ond appointment. Note ( a ) fi nal rinsing of canal space 
using 1 % NaOCl solution and 17 % EDTA. An intra-
canal medicament of calcium hydroxide was placed for 
four weeks, and the cusps were protected with an orth-
odontic band. ( b ) Final drying of canal prior to obturation; 

( c ) apical plug of gutta-percha following down pack using 
System B; ( d ) backfi ll completed using Obtura; ( e ) phos-
phoric acid etch treatment; ( f ) placement of orifi ce barrier 
following wash, drying, and dentine bonding agent place-
ment; ( g ) completed orifi ce barrier (PermaFLOW); ( h ) 
4 mm IRM base; and ( i ) overlying glass ionomer cement 
restoration completed       
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mer was placed and the patient discharged back to 
his general dental practitioner for permanent resto-
ration of the tooth (Figs.  2.7  and  2.8 ).

      Clinical Hints and Tips in Regard to Temporary 

Restorations During Endodontic Procedures 

•     Pretreatment procedures to minimize bac-
terial ingress 
 Complete removal of caries and defective res-
torations and placement of a temporary restor-
ative material desirable  

•   Orthodontic band placement 
 The use of bands in endodontically treated 
premolar and molar teeth may be desirable to 
protect the tooth from cuspal fracture (particu-
larly in cracked teeth) and strengthening/
retaining the interim restoration during the 
endodontic phase of treatment.  

•   Copper band placement 
 In badly broken-down teeth, the use of a cop-
per band is an ideal choice to ensure adequate 
sealing and isolation and providing additional 

  Fig. 2.7    ( a ) Preoperative radiograph demonstrating 
temporized tooth. Remaining tooth structure was 
assessed confi rming the need for a post-retained restora-
tion to support the overlying core and cast restoration. 
( b ) Chemomechanical preparation completed using a 
combination of hand and rotary fi les. Apical patency 
was maintained and the acute apical curvature negoti-
ated with a # 15 stainless steel hand fi le. ( c ) Obturation 

was completed following an interim period of 4 weeks. 
An intra-canal dressing of calcium hydroxide had been 
placed. A warm vertical compaction technique using 
AH Plus cement and gutta-percha was used. 7 mm of 
gutta- percha was left to maintain the apical seal. The 
remainder of the root canal was left for post space 
preparation       

a b  Fig. 2.8    ( a, b ) Post-operative 
radiographs demonstrating 
completed endodontic 
treatment. Note gutta-percha 
root fi lling ( orange ), post 
space dressed with calcium 
hydroxide ( blue ) and double 
temporary seal overlying root 
canal orifi ce using IRM ( red ) 
and glass ionomer cement 
( yellow )       
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strength and retention of the interim tempo-
rary core.  

•   Interim temporary endodontic restorations 
 The use of a “double seal” restoration such as 
IRM and glass ionomer cement in the access 
cavity will prevent microleakage.  

•   Temporary post and core restorations 
 The use of prefabricated post and core systems 
can be fabricated chairside to minimize bacterial 
ingress into the root canal system. Alternative 
vacuum-formed retainers can be made but these 
will incur additional laboratory fees.  

•   Temporization for internal bleaching 
procedures 
 Following completion of endodontic treatment 
gutta-percha should be cut back below the 
cement-enamel junction. A protective barrier 
of at least 2 mm of IRM should be placed 
above the gutta-percha root fi lling to minimize 
diffusion of bleaching products and risk of 
external cervical root resorption. Following 
bleach placement IRM or Cavit can be used as 
an interim restoration to prevent washing out 
of bleaching product into the oral cavity         
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      Cleaning and Shaping Objectives                     
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    Summary  

  Canal preparation is an integral and important stage during root canal 
treatment. Access to the root canal system from a crown-down approach 
must be achieved ensuring the canal terminus is negotiated. Preparation of 
the root canal system is then further enlarged and shaped to enhance both 
disinfection and fi nal obturation of the complex root canal space.  

    Clinical Relevance 

   Correct shaping procedures with mainte-
nance of original anatomy (with reference to 
the apical constriction) without iatrogenic 
deviation (canal transportation) facilitate 
optimal and effective irrigant deposition and 
predictable placement of intra-canal medica-
ment and facilitate permanent root fi llings 
without risk of overfi lling. Clinicians should 
be aware of the controversies surrounding the 
concept of cleaning and shaping canals 
including the terminal end point of prepara-
tion, master apical fi le size, patency fi ling 
and methods of preparation used (stainless 
steel or nickel- titanium rotary).  

3.1     Overview of Cleaning 
and Shaping Objectives 

 Root canal preparation is recognized as one of 
the most important stages in root canal treatment 
[ 1 ]. In primary root canal treatment, it includes 
the removal of vital and necrotic tissues and 
infected dentine. In root canal retreatment (revi-
sion), it may also include the removal of addi-
tional metallic and non-metallic canal materials 
and/or obstructions including a variety of root 
canal fi lling materials. 

 The root canal system may be mechanically 
prepared to a debatable size and taper that facili-
tates both disinfection and obturation procedures 
using a plethora of instruments of various metal-
lurgy, cutting designs, tips and tapers. A number 
of manual root canal preparation techniques have 
evolved over time including the standardized 
technique [ 2 ], step-back technique [ 3 ], circum-
ferential fi ling [ 4 ], anticurvature fi ling [ 5 ], step-
down technique [ 6 ], double fl are technique [ 7 ], 
crown-down pressureless technique, balanced 
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force technique [ 8 ] and the modifi ed double fl are 
technique [ 9 ]. Step- back and step-down tech-
niques are the two major approaches to cleaning 
and shaping procedures. The former commences 
apical preparation at the apex with small instru-
ments that are progressively increased in size to 
enlarge the apical preparation diameter followed 
by sequential canal preparation coronally in a 
step-back manner of 0.5 or 1 mm increments 
depending on the desired taper. The step-down 
technique commences preparation using larger 
instruments from the coronal end towards the 
apex with progressively smaller instruments. The 
advantages of the latter include a reduction in 
necrotic extruded debris, minimal root canal 
straightening, less canal transportation and quick 
and effi cient canal shaping and allow for better 
penetration of irrigant [ 6 ]. 

 Most root canals are curved in multiple posi-
tions and planes, and the ability of endodontic 
instruments to shape the canal without deviation 
from the original canal position is dependent on 
the anatomical position, radius and degree of 
these curvatures. Any deviation from this origi-
nal canal position is termed canal transportation. 
To minimize canal deviation in curved canals, 
Roane and Sabala described the balanced force 
technique associated with specially designed 
stainless steel or NiTi K-type instruments 
(Flex-R fi les) with modifi ed tips used in a step-
down manner [ 8 ]. 

 Complications such as blockages, ledge for-
mation, zip-and-elbow formation, strip perfora-
tions or excessive thinning of canal walls are 
possible results of canal transportation that can 
reduce overall success of treatment. The impact 
of canal transportation is the end result of the 
inability to adequately clean the canal with the 
possibility of persistent apical pathosis or exces-
sive thinning of canal walls leading to eventual 
vertical root fracture [ 10 ]. 

 Over the years, a number of different NiTi 
instrument systems have been designed and 
introduced on the market. The two main 
characteristics of this alloy are memory shape 
and superior elasticity making it possible to 
engineer fi le designs of greater taper than 
traditional 2 % stainless steel fi les. Manufacturing 

processes and design features such as cutting 
angle, number of blades, tip design (active or 
passive), cross section and taper will all infl uence 
the instruments individual fl exibility, cutting 
effi ciency and torsional resistance (see Chap.   4    ) 
[ 11 ]. Inherent in the material used, stainless steel 
fi les have a high rigidity that increases with 
increasing instrument size. In curved canals, this 
stiffness is responsible for straightening and 
resulting transportation and canal aberrations 
(ledging, zipping and perforations) [ 12 – 14 ]. 
Consequently, a size #15 nitinol hand fi le has 
been shown to have 2–3 times more elastic 
fl exibility in bending and torsion, as well as 
superior resistance to torsional fracture when 
compared to a #15 stainless steel fi le manufactured 
by the same process [ 15 ,  16 ]. 

 Several studies investigating the effects of root 
canal preparation when using NiTi systems have 
been carried out. Methods of investigation 
include the Cardiff experimental design using 
simulated root canals pre-curved with silver 
points of either curvature 20° or 40° with location 
of curvature at either 8 or 12 mm from the orifi ce 
[ 17 – 26 ]. The Zürich experimental design group 
used high-resolution micro-CT (μCT) to measure 
change in canal volume and surface area as well 
as pre- and post-preparation root canal anatomy 
differences using maxillary molars embedded 
into resin and mounted on SEM stubs to aid 
reproducible positioning into the μCT [ 27 – 30 ]. 
The Göttingen experimental design group 
investigated several endodontic handpieces and 
NiTi systems using a modifi ed version of 
Bramante’s muffl e model [ 31 – 33 ]. The Münster 
experimental design group investigated several 
rotary NiTi systems using two types of plastic 
blocks with different degrees of curvature (28° 
and 35°) for the evaluation of straightening and 
working safety as well as extracted teeth with 
severely curved root canals (25°–35°) for the 
evaluation of working safety, working time and 
canal cleanliness following preparation [ 34 ,  35 ]. 
Taken together, these studies confi rmed that 
although there were differences between the 
brands in that some do not proceed as others 
when comparing canal straightening, working 
time, blockages and fi le fractures, overall most 
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systems differed only slightly and were highly 
constant. The use of NiTi instruments resulted in 
less straightening and better-centred preparations 
of curved root canals. With μCT, it has been 
shown that the amount of mechanically prepared 
root surface and perhaps equally distributed bio-
fi lm in the main root canal, depending on canal 
type, is frequently below 60 % of the canal sur-
face [ 27 ,  28 ]. This means that the use of stainless 
steel or NiTi instruments alone does not result in 
complete cleanliness of the root canal walls. 
Cleanliness decreases from the coronal to apical 
portion of the root canal. The use of a special 
motor with constant speed, low torque and torque 
control is recommended. 

 The determination of an accurate working 
length (WL) is one of the most pivotal steps in 
achieving successful endodontic treatment. WL 
is defi ned as “the length between a coronal ref-
erence point and the apical limit of preparation” 
[ 36 ]. An erroneous WL, either long or short, 
can lead to long-term failure and outcome for 
any case. A short WL can lead to uncleaned and 
unfi lled canal space that may contain microorgan-
isms and their by-products that can sustain end-
odontic pathosis. Likewise over- instrumentation 
and overfi lling as a consequence of too long a WL 

can lead to postoperative discomfort and possible 
foreign body reaction and persistent infl amma-
tion following completion of a case. The apical 
extent of root canal instrumentation has been a 
long-standing debate with much disagreement in 
the endodontic fi eld. 

 Anatomically, the apical region of a tooth has 
been classically described in terms of the apical 
constriction (AC), the cement-dentinal junction 
(CDJ) and the apical foramen (AF) (Fig.  3.1 ). 
Kuttler showed that the root canal tapers from the 
canal orifi ce to the AC, which is generally 0.5–
1.5 mm inside the AF. The AF is defi ned as the 
region where the canal leaves the root surface 
next to the periodontal ligament [ 37 ]. The AC is 
the narrowest part of the root canal with the 
smallest diameter of blood supply and is the 
reference point most dentists’ use when 
terminating cleaning, shaping and obturation 
procedures [ 38 ]. Termination of root canal 
preparation and obturation at the AC has been 
shown to give the best prognosis for success [ 39 ,  40 ]. 
Sjögren and colleagues demonstrated that obtura-
tion ending 0–2 mm short of the radiographic 
apex rendered signifi cantly improved long-term 
results in teeth affected with apical periodontitis 
compared to overextended  obturations (success 

a b

  Fig. 3.1    Diagrammatic representation of the apical 
anatomy in a tooth ( a ) without apical root resorption and 
( b ) a tooth with apical root resorption. Note ( 1 ) 
radiographic apex ( dash line ) as judged on a radiograph, 

( 2 ) major diameter or apical foramen (AF) ( solid line ), ( 3 ) 
minor diameter or apical constriction (AC) ( green dash 
line ), ( 4 ) dentine, and ( 5 ) cementum. The  red dotted line  
is the CDJ       
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rates of 94 % compared to 74 %, respectively) 
[ 41 ]. Dummer and colleagues further classifi ed 
the AC into four distinct types (Fig.  3.2 ) [ 42 ]. 
Traditional teachings of determining WL to be 
1–2 mm short of the anatomic apex as seen on the 
radiograph could lead to under-preparation (type B) 
or over- preparation (type D).

    Traditional methods for determining WL have 
been the use of tactile sensation [ 43 ], the obser-
vation of bleeding points or moisture using a 
paper point technique [ 44 ,  45 ] and radiographic 
length determination [ 46 ]. 

 The paper point technique used conventional 
absorbent paper points to determine WL. The 
technique is used as a method to determine fi nal 
working length prior to obturation. It can only be 
used after initial shaping of the canal has been 

completed and where the patent canal is dry. WL 
is determined by the tip of the paper point and by 
the presence of either blood or tissue fl uid indi-
cating insertion beyond the foramen. Repeated 
points are used to determine the wet/dry points 
within the canal before fi nal refi nement of canal 
preparation [ 44 ,  45 ]. 

 The radiographic apex is defi ned as the ana-
tomical end of the root as seen on the radiograph 
[ 37 ]. Since this is visible radiographically, it has 
been widely used as a reference for determination 
of WL. Commonly 0.5–1 mm short of the radio-
graphic apex has been used as a guide for deter-
mining termination of root canal preparation, and 
this is only an estimate. The radiographic apex 
and the anatomical canal terminus (where the 
canal exits the root) do not coincide. Frequently, 

a b

c d

  Fig. 3.2    Diagrammatic representation of classifi cation of 
apical constriction.  Arrow  indicated narrowest portion of 
canal and point of measurement. Note ( a ) type A 

traditional single constriction, ( b ) type B tapering 
constriction, ( c ) type C multi-constriction, and ( d ) type D 
parallel constriction (Adapted from Dummer et al. [ 42 ])       
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canals exit short of the radiographic apex, and 
curvatures in the bucco-palatal/lingual plane will 
not be assessed using a two-dimensional image. 
Conversely when a fi le can be seen beyond the 
radiographic apex (such as the use of patency fi l-
ing), we can be sure, without doubt, that we are 
beyond the confi nes of the canal. Radiographic 
determination of WL is subject to magnifi cation, 
distortion, inter- and intra-observer variability and 
lack of three-dimensional representation. Despite 
inaccuracies, the use of radiographic length deter-
mination in combination with other techniques 
will give you the most accurate information as to 
the correct WL [ 53 ]. 

 None of the aforementioned traditional tech-
niques can truly satisfactorily determine the 
WL. The CDJ is a practical and anatomic termina-
tion point for the preparation and obturation of the 
root canal, and this cannot be determined radio-
graphically. Modern electronic apex locators can 
determine this position with accuracies of greater 
than 90 % with some limitations. Knowledge of 
apical anatomy and the use of radiographs in 
combination with the correct use of an apex loca-
tor will assist practitioners to achieve predictable 
results [ 47 ]. The fi rst electronic device for root 
canal length determination was constructed by 
Sunada using direct current based on the principle 
that the electrical resistance of the mucous mem-
brane and periodontium registered 6.0kΩ in any 
part of the periodontium [ 48 ]. 

 A number of electronic apex locator devices 
have been developed measuring resistance or 
impedance using frequencies (high, two or mul-
tiple) or low-frequency oscillation and/or a volt-
age gradient method to detect the canal terminus 
when an endodontic fi le penetrates inside the 
canal and approaches the apical constriction 
(minor apical foramen) [ 49 ]. Third- generation 
apex locators such as the Root ZX (J. Morita, 
Tokyo, Japan) were developed to calculate the 
ratio of two electrical impedances in the same 
canal using two different current frequencies to 
determine the canal length precisely even in the 
presence of electrolytes (root canal irrigants, 
serous intra-canal fl uids, purulent exudate, haem-
orrhagic exudate) or vital pulp tissue in the root 
canal [ 50 ]. The Root ZX has been shown to be 

90 % accurate to within 0.5 mm of the apical 
foramen and 100 % if accurate if 1.0 mm is 
accepted [ 51 ,  52 ]. Based on the majority of stud-
ies carried out in the endodontic literature, 
0.5 mm should be subtracted from the length of 
the fi le at the point when the device suggests the 
fi le tip is in contact with the PDL (zero reading). 
This measurement does not indicate that the api-
cal constriction has been located but rather that 
the instrument is within the canal and is close to 
the periodontal ligament [ 49 ]. Even though apex 
locators appear to be excellent tools for the deter-
mination of WL, they should be used as an 
adjunct and not as a substitute for radiographs. In 
fact, the combined use of electronic apex locators 
and radiographs of the initial or master apical fi le 
has been shown to be more accurate than the use 
of radiographs alone [ 53 ]. 

 Apical patency is a technique in which the api-
cal portion of the canal is maintained free of debris 
by recapitulation with a small fi le through the api-
cal foramen [ 54 ]. Proponents of maintaining 
patency throughout the cleaning and shaping pro-
cedures are based on the belief that this helps to 
control debris accumulation in the apical portion 
of the canal preventing ledge formation, transpor-
tation and apical perforation [ 55 ]. In the teeth with 
necrotic and infected pulps, the use of patency fi l-
ing ensures that mechanical and biological goals 
of cleaning and shaping are achieved by ensuring 
that cleaning and shaping procedures are carried 
out to the full extent of the canal (Fig.  3.3 ). In vital 
cases, apical patency is intended to prevent com-
paction of dentine chips into the apical region 
forming a plug that can interfere with WL [ 56 ]. 
The use of this technique is a matter of contro-
versy, and antagonists claim this type of fi ling 
beyond the confi nes of the canal is biologically 
unacceptable with risks of over- enlargement of the 
apical foramen [ 57 ], damage to the periapical tis-
sues [ 40 ] and inadvertent extrusion of contami-
nated dentine chips or bacteria leading to 
postoperative pain and sequelae [ 58 ].

   Both stainless steel and nickel-titanium rotary 
instruments carry the risk of instrument fracture 
either as a result of fl exural (fatigue fracture) or 
torsional (shear failure) stresses. Canal curvatures 
are thought to be the predominant risk factor for 
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instrument failure through fl exural stresses. To 
reduce the risk of fi le fracture when using rotary 
instrumentation techniques, coronal prefl aring 
and the use of a manual or rotary glide path can 
help reduce stresses on the instrument [ 59 ]. The 
new PathFile NiTi rotary instruments (Dentsply 
Maillefer, Ballaigues, Switzerland) for mechani-
cal prefl aring have been recently introduced on 
the market and have demonstrated signifi cantly 
less modifi cation of canal curvature and fewer 
canal aberrations when compared to manual pre-
fl aring with stainless steel instruments [ 60 ]. 

 The ideal fi nal size of apical canal preparation 
remains controversial. The apical portion of the 
root canal system can harbour microorganisms 
that account for periapical pathosis and persistent 
infl ammation; therefore, treatment interventions 
that allow for maximum reduction of pathogens 
should be indicated in the treatment of infected 
root canal systems [ 41 ]. Traditionally, fi nal api-
cal preparation techniques advocating enlarg-
ing the apical part of the root canal to three-four 
sizes larger than where the fi rst fi le bound have 

been recommended [ 61 ]. However, this concept 
has been questioned as a result of recent stud-
ies, which indicate up to 60 % of untouched 
canal walls that could contain biofi lm [ 28 ]. 
Furthermore, Wu and colleagues demonstrated 
that in 75 % of root canals, the fi rst instrument 
to bind at the apex had contact on the canal 
wall on one side only, and in 25 % the instru-
ment tip had no contact with the canal wall at 
all [ 62 ]. A second school of thought from North 
America aimed to keep the apical diameter and 
preparation as small as practically possible. This 
concept of root canal preparation included estab-
lishing and maintaining patency using a small 
#10 K fi le 1 mm through the foramen and fi nish-
ing the apical one-third to at least a size #20 [ 1 ]. 
Corresponding to this technique, modern rotary 
instruments such as ProTaper Universal fi nishing 
instruments have apical diameters ranging from 
0.20 to 0.30 mm. 

 Classical bacteriological studies indicated that 
mechanical instrumentation alone resulted in sig-
nifi cant reduction of bacteria but could not pre-

a b

  Fig. 3.3    Clinical radiographs demonstrating ( a ) preoperative view and ( b ) postoperative view of tooth 36. Note the use 
of apical patency fi ling ensures that complex apical anatomy has been satisfactorily treated       
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dictably achieve bacteria-free root canals [ 63 ]. 
Even combining mechanical preparation, anti-
bacterial irrigants and intra-canal antimicrobial 
dressings did not achieve bacteria- free root 
canals, demonstrating the limited antibacterial 
effect of chemomechanical preparations [ 64 ,  65 ]. 
Ørstavik and colleagues studied the effects of 
chemomechanical root canal preparation in 23 
teeth with apical periodontitis. Following a step-
back technique and irrigation with sterile saline, 
14 teeth yielded positive cultures at the end of the 
fi rst appointment. Following a 7-day dressing of 
calcium hydroxide, this number was reduced to 
eight teeth [ 66 ]. Dalton and colleagues studied 
the effects of both stainless steel and nickel-tita-
nium instruments in a clinical study of 48 teeth 
with apical periodontitis. In terms of bacterial 
reduction, no difference could be found with 
either technique although increasing instrument 
size reported increased bacterial reduction. 
Nevertheless, it was not possible to achieve bac-
teria-free root canals [ 67 ]. 

 Rollinson and colleagues compared the 
removal of radioactively labelled bacteria using 
two different rotary NiTi preparation techniques. 
Preparations to size #50 (using Pow-R instru-

ments) resulted in reduced bacterial counts com-
pared to size #35 (using GT rotary and profi le) 
(see Figs.  3.4  and  3.5 ) [ 68 ]. A recent systematic 
review suggested that contemporary chemo-
mechanical debridement techniques with canal 
enlargement techniques do not eliminate bac-
teria during root canal preparation at any size 
[ 69 ]. The same authors carried out a similar 
systematic review assessing healing outcomes 
related to small and large master apical fi le sizes. 
They concluded that with the limited informa-
tion available, the best current available clinical 
evidence suggests that for patients with necrotic 
pulps and periapical lesions, enlargement of the 
apical size would result in an increased healing 
outcome in terms of clinical and radiographic 
evaluation [ 69 ,  70 ].

    Irrigation type, volume and depth of penetra-
tion are all crucial factors related to effectiveness 
and hence microbial reduction. Irrigants com-
monly delivered by syringe and needle devices 
indicate that successful irrigation delivery is 
related to canal diameter and curvature, and con-
temporary needle gauges used (27 and 30 gauges) 
require 0.42 and 0.31 mm diameter preparations, 
respectively. Therefore, the minimum canal size 

a b

  Fig. 3.4    Clinical radiographs demonstrating nonsurgical 
endodontic re-treatment of tooth 36. Note ( a ) preoperative 
fi lm demonstrating incomplete suboptimal obturation that 
refl ects inadequate cleaning and shaping procedures. Note 

extensive periradicular pathology associated with both 
apices. ( b ) 6 months posttreatment radiograph 
demonstrating complete healing of the case. Apical 
preparation sizes were #50 in mesial and distal canals       
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preparation when using a 30-gauge needle is 
0.31 mm for the needle and therefore irrigant to 
reach within 1 mm of the WL (for more detailed 
discussion, see Chap.   5    ). 

 The uses of antimicrobial inter-appointment 
intra-canal dressings such as calcium hydroxide 
are also regarded as important adjuncts to opti-
mize cleanliness and disinfection within the root 
canal system. Cleaning and shaping procedures 
facilitate placement of a suitable dressing that 
can further reduce microbial fl ora by virtue of its 
antimicrobial effects combined with its ability to 
suppress the nutritional supply that may allow 
further growth and multiplication of any remain-
ing organisms (see Chap.   6     for more detailed 
discussion). 

 In summary, the goal of effective cleaning and 
shaping procedures is to remove all necrotic and 
vital organic tissue as well as some infected hard 
tissue from the root canal system. Correct shaping 
procedures with maintenance of original anatomy 
(with reference to the apical constriction) without 
iatrogenic deviation (canal transportation) facili-
tate optimal and effective irrigant deposition and 

predictable placement of  intra-canal medicament 
and facilitate permanent root fi llings without risk 
of overfi lling. Mechanical preparation techniques 
in terms of correct WL and master apical fi le size 
must be carried out with antimicrobial chemical 
treatments in mind (Fig.  3.6 ).

3.2        Radiographic Working 
Length Determination 

 The radiographic technique for determining WL 
is probably the most widely used technique to 
determine the end point of cleaning and shaping 
to facilitate fi nal obturation. Clinicians should be 
aware of the limitations when carrying out such 
procedures and methods to ensure accuracy for 
interpretation. It is essential to have a preopera-
tive diagnostic fi lm (conventional or digital) 
using a paralleling cone beam-aiming device to 
ensure minimum distortion. 

 The use of digital radiography allows for easy 
and quick determination of the WL fi lm with a 
fi le in position. The radiation dose is reduced 

a b

  Fig. 3.5    Clinical radiographs of an S-shaped curvature in 
tooth 47. Note ( a ) preoperative radiograph and ( b ) 
postoperative radiograph following chemomechanical 

preparation procedures and fi nal obturation. Apical 
preparation size mesially was to a size #20 to prevent 
iatrogenic canal transportation which could lead to failure       
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when compared to conventional plain fi lm 
 radiography. Imaging software programs used 
with these devices allow for image modifi cation 

including colour, contrast and magnifi cation, 
which can be very helpful when assessing the 
apical limit of preparation. One must bear in 

a b

c d

  Fig. 3.6    Clinical radiographs demonstrating ( a ) pre- and 
( b ) postoperative radiographs of primary root canal 
treatment carried out with nickel-titanium rotary fi les and 
( c ) pre- and ( d ) postoperative radiographs of root canal 
re-treatment using stainless steel fi les. Cleaning and 
shaping procedures were carried out successfully 
irrespective of fi le design used. Key concepts utilized in 

both cases to ensure overall success include apical patency 
fi ling, recapitulation, working length determination (using 
radiographic and electronic methods), use of chemical 
disinfectants, and intracanal medicaments. Obturation 
procedures not only serve to prevent bacterial 
recontamination but also refl ect the overall cleaning and 
shaping procedures carried out       
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mind with any conventional radiographic 
 technique that the image is only a two-dimen-
sional representation of a three-dimensional 
object, and so curvatures typically present in the 
buccal to palatal/lingual direction will remain 
undetected. Superimposition of anatomical struc-
tures such as the zygoma or zygomatic arch in the 
maxillary molar region or screws/plates/ortho-
grade or retrograde fi llings or overfi lls can also 
make WL interpretation diffi cult when using 
radiographs (Fig.   3.7  ).

   Radiographic determination of WL should 
therefore always be complimented with the use 
of an electronic apex locator to determine the 
correct WL based on the results of both tech-
niques. Occasionally, the electronic apex locator 
method may not be possible requiring the sole 
use of a radiographic technique to estimate cor-
rect length. A typical example may be when you 
are working through a metallic restoration or 
metal crown, which results in short-circuiting 
and inaccurate readings. 

 To determine accurate WL’s radiographically, 
the following guidelines are recommended:

    1.    All fi les should be placed in each canal that 
have been identifi ed to correct estimated 
working length corresponding to reference 
points on the tooth (in multi-rooted teeth, this 
is preferable to taking multiple X-rays with 
separate fi les ensuring minimum radiation 
exposure).   

   2.    Correct working length in each canal should 
be confi rmed with the use of an electronic 
apex locator (see later) to verify 0.5 mm from 
0 reading.   

   3.    When using conventional fi lm radiography, 
fresh developer and fi xer must be available and 
developing carried out according to recommen-
dations (time and temperature dependant).   

   4.    The clinician must set the correct exposure for 
the fi lm according to anatomical site and size 
of patient to ensure the resultant fi lm is not 
under- or over-exposed resulting in poor 
image interpretation.   

   5.    A parallel beam-aiming device should be 
used. This allows for minimal distortion of the 
WL fi lm and comparable fi lms that are useful 
during the later stages of treatment (an exam-
ple is when further adjustments are required 
during the obturation phase).   

   6.    Working length fi lms should be reviewed, and if 
the distance between the fi le tip and root apex is 
greater than 1 mm, then another fi lm is recom-
mended with adjustments made accordingly.   

   7.    When the fi le is seen beyond the radiographic 
apex, there is no doubt that the fi le is beyond 
the canal terminus.   

   8.    When treating teeth with buccal and lingual 
canals, the use of the buccal object rule (SLOB 
same lingual opposite buccal) is essential 
when making distinctions between the canals, 
which may require length adjustment. 
Remember as the X-ray tube moves from 

a b c

  Fig. 3.7    Clinical radiographs demonstrating 
superimposition of a horizontally impacted wisdom tooth 
that makes radiograph determination of the working 
length diffi cult. Note ( a ) preoperative view demonstrating 
diffi culty assessing distal root of tooth 37. ( b ) Working 

length fi les confi rmed using an electronic apex device to 
determine master apical fi le and end point of preparation 
procedure. ( c ) Final obturation carried out with confi dence 
without any risk of iatrogenic overfi lling that could result 
in potential inferior dental nerve damage       
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 posterior (distal) to anterior (mesial) objects 
imaged on the fi lm that are on the lingual 
aspect (disto-lingual, mesio-lingual and pala-
tal roots) will be positioned mesially.      

3.3     Electronic Working Length 
Determination 

 The cement-dentinal junction is the point at 
which the pulp tissue changes into the apical peri-
odontal tissue and is the most ideal physiologi-
cal apical limit of preparation. This point is also 
referred to as the apical constriction. The apical 
constriction does not coincide with the anatomic 
apex and is often deviated such that in a bucco-
lingual plane, it will be impossible to confi rm 
radiographically the exact position the fi le exits 
the tooth. The electronic apex locator, function-
ing on direct current, has proven to be a reliable 
method for determining the point at which the fi le 
exits the canal meeting the periodontal tissues. 
Furthermore, superimposition of certain ana-
tomic structures (impacted teeth, tori, zygomatic 
arch, excessive bone density and  overlapping 
roots) makes  radiographic confi rmation of work-
ing length diffi cult at times. Electronic apex loca-

tors are a reliable method of determining working 
lengths in addition to conventional radiography. 
Frequently, treatment time and radiation dose 
exposure to the patient can be routinely reduced 
when compared to working length determination 
using conventional radiography alone. 

 The Root ZX based on the “ratio method” for 
measuring the root canal length measures the 
impedances of 0.4 and 8 kHz at the same time, 
calculating the quotient of the impedances and 
expressing this quotient in terms of the position 
of the fi le within the canal. A built-in micropro-
cessor automatically controls the calculated quo-
tient to have a relationship between the position 
of the fi le within the canal and the digital read-
out when the fi le is placed in the coronal por-
tion of the tooth. When the fi le is in the canal, 
the apex locator cannot tell you accurately what 
distance it is from the canal terminus even though 
most apex locators display a numeric value as the 
fi le progresses towards the apex (see Fig.   3.8  ). 
However, when the fi le reaches the canal termi-
nus, the screen will display “0”, and the clinician 
can accurately determine that the tip of the instru-
ment is at the apical constriction (Fig.   3.9  ).

    This feature is not only helpful for accu-
rately determining the point at which pulpal and 

a b

  Fig. 3.8    ( a ) Diagrammatic representation and ( b ) clinical 
photograph of Root ZXII apex locator demonstrating digi-
tal reading when the fi le is placed in the canal. The graphic 
representation of the arbitrary units ‘3-2-1’ displayed on 
the apex locator does not give you any reliable distance 

from the apex.  The clinical technique of working length 
determination is to advance the fi le until the unit reads 
‘APEX’. At this point an audible alarm changes from a 
beep to a full tone       
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 periodontal tissues (PDL) meet but also a reliable 
method when radiographic information at the apex 
is limited due to superimposition of other sur-
rounding structures. The clinician should subtract 
0.5 mm from the length of the fi le at the point when 
the device suggests the fi le tip is in contact with 
the PDL (zero reading). This measurement does 
not indicate that the apical constriction has been 
located but rather that the instrument is within the 
canal and is close to the periodontal ligament. 

 Although reliable, accurate and simple to use, 
some precautions and points of interest that are 
noteworthy when using the devices include the 
following:

    1.    A preoperative diagnostic parallel radiograph 
is essential for determining an estimate of 
working length prior to fi le insertion.   

   2.    The lip hook should be placed under the rub-
ber dam.   

   3.    Metallic parts from the crown of the tooth 
including amalgam or crown should not come 
into contact with the fi le when using an apex 
locator. If contact occurs, the current is 
shunted resulting in an unstable electrical sig-
nal with rapid wandering signs.   

   4.    The access cavity and pulp coronal pulp 
chamber should be relatively fl uid-free 

although some fl uid should be retained within 
the canals themselves.   

   5.    The second electrode clip is attached to the 
fi le, and the fi le is placed within the canal and 
slowly advanced apically using a watch- 
winding movement (see later). The fi le is 
advanced until a stable “O” reading is 
achieved. The most stable reading is readily 
achieved when the fi le size approaches the 
natural apical constriction size. The fi le must 
fi t snugly within the canal and have good elec-
trical contact with the canal walls. Erratic 
readings suggest the fi le used is too small and 
the clinician is advised to change to a larger 
fi le size until the reading stabilizes.   

   6.    The measurement should be checked and 
confi rmed at the “O” reading. The fi le should 
be advanced slightly beyond the “O” reading 
and then slowly pulled back into the apical 
constriction to fi nd the exact point at which 
pulp and periodontal tissue meet (Fig.  3.10 ). 
The rubber stopper should be placed at a reli-
able reference point on the tooth prior to fi le 
removal. The working length is calculated as 
0.5 mm from the “O” reading length. Once 
all the canals have been measured, a work-
ing length radiograph is taken to confi rm 
lengths.

a b

  Fig. 3.9    ( a ) Diagrammatic representation and ( b ) clinical 
photograph of Root ZXII apex locator showing the digi-
tal reading when the fi le is at the apical constriction. If the 
fi le is advanced further then the unit reads ‘APEX’ with an 
audible alarm. The working length is then determined by 

subtracting 1 mm from the length measured when the meter 
fl ashes the fi rst bar at the “Apex” and the sound fi rst changes 
from a beep to a full tone. A radiographic image should be 
exposed with a small diameter fi les in the tooth at the elec-
tronically determined working length for verifi cation       
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       7.    The measurement should be checked and con-
fi rmed at the “O” reading. The fi le should be 
advanced slightly beyond the “O” reading and 
then slowly pulled back into the apical con-
striction to fi nd the exact point at which pulp 
and periodontal tissue meet. The rubber stop-
per should be placed at a reliable reference 
point on the tooth prior to fi le removal. The 
working length is calculated as 0.5 mm from 
the “O” reading length. Once all the canals 
have been measured, a working length radio-
graph is taken to confi rm lengths.   

   8.    In the case of preparing curved canals, it is 
recommended to recheck the working lengths 
following apical canal preparation since inher-
ent straightening of the canal will result in 
working length changes of up to 1 mm.   

   9.    Premature readings when the fi le has not 
advanced to the estimated working length cal-
culated from preoperative diagnostic radio-
graphs may indicate perforations within the 
root canal or can be associated with a wide-
open apex. Occasionally, excessive fl uid, exu-
date, pus or bleeding may interfere with the 
readings requiring removal using absorbent 
paper points. Conventional plain fi lm or digi-
tal radiography may help confi rm whether the 

fi le is indeed within the root canal or has 
exited prematurely suggesting perforation 
(see Fig.  3.11 ).

3.4            Hand Instrument 
Preparation Techniques 
(Fig.  3.12 ) 

     Step-back technique 

    1.    Working length is determined prior to apical 
preparation of the canal to a minimum size 
#25.   

   2.    Stainless steel fi les should be pre-curved in 
the apical 2–3 mm and inserted in the same 
direction as the canal curvature.   

   3.    Recapitulation is recommended using a 
smaller fi le to working length with copious 
irrigation to prevent loss of working length.   

   4.    Patency fi ling can be used to ensure that apical 
dentine debris does not block access at the 
apical constricture. A small #06 or 08K fi le 
can be passed 1 mm beyond the apical con-
stricture to ensure patency is maintained.   

a b

  Fig. 3.10    ( a ) Diagrammatic representation and ( b ) clini-
cal photograph of Root ZXII apex locator showing the 
digital reading when the fi le is passed beyond the apical 
constriction. At this point, we are certain that the fi le 
meets the periodontal apical tissues and we have con-
fi rmed canal patency. The fi le should be slowly pulled 

back confi rming the exact point where an audible alarm 
for ‘APEX’ is reached. Care should be taken to advance 
small k fi les to ensure that apical foramen enlargement 
does not inadvertently occur when confi rming working 
length. A reliable stable reading should be reproduced 
using the smallest fi le size possible       
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   5.    Once apical enlargement has been achieved, 
serial step-back preparation can be carried out 
using successively larger fi les at either 1 or 
0.5 mm increments. The latter allows for a 
greater apical taper if desired.   

   6.    Recapitulation should be carried out with the 
master apical fi le (the last fi le used at the work-
ing length prior to step-back preparation).   

   7.    The canal walls can be circumferentially 
fi led using a 25H fi le to smooth the walls and 
steps created ensuring a constant taper is 
achieved.   

   8.    Once preparation is completed, the master 
apical fi le radiograph can be taken to confi rm 
working length.    

   Watch-winding technique 

    1.    The use of K-type fi les is recommended.   
   2.    A size 10# K fi le can be inserted into the 

canal until resistance is met. The fi le is 
turned 30–60° in a clockwise rotation which 
advances the fi le further into the canal engag-
ing dentine.   

a b

c d

  Fig. 3.11    Clinical diagram and photographs demonstrat-
ing ( a ) and ( b ) placement of a fi le into a perforation.  Strip 
perforations can be detected and their position measured 
when ‘APEX’ is reached well short of the working length.  
Furcation perforations can also be detected if ‘APEX’ is 
registered when a fi le is inserted into a would-be-canal. 
Apical perforations may also be detected  indicated by a 

sudden change in working length previously verifi ed by 
the apex locator. Note ( c ) and ( d ) inaccurate readings on 
the apex locator as a result of excessive fl uid (blood, irri-
gants, pus) within the canal or coronal pulp chamber. If 
the advancing fi le comes into contact with metallic resto-
rations in the coronal pulp chamber instant and erroneous 
‘APEX’ readings can also occur       
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   3.    The fi le is turned 30–60° counter clockwise to 
partially cut away the engaged dentine.   

   4.    Each clockwise and counter clockwise fi le 
motion results in further canal space opening 
and allowing the instrument to advance deeper 
into the canal (Fig.  3.13 ).

        Balanced force technique 

    1.    Flex-R fi les or Flexofi les with a modifi ed non- 
cutting tip should be used.   

   2.    The coronal two-thirds of the canal should be 
prepared using a crown-down technique prior 
to apical preparation.   

   3.    The fi le is placed in the canal (uncurved) and 
rotated clockwise from 90° to 180° with light 
apical pressure to engage dentine. If apical 

force is excessive, the fi le may prematurely 
“lock” predisposing to fi le separation on 
counter clockwise movement.   

   4.    The fi le is rotated at least 120° counter clock-
wise with apical pressure to cut the engaged 
dentine. You may hear a “click”.   

   5.    A combination of clockwise turns and counter 
clockwise turns with apical pressure is carried 
out until working length is reached. The fi le 
can be withdrawn from time to time to ensure 
the cutting fl utes loaded with dentine debris 
are cleaned.   

   6.    Care must be taken when attempting to enlarge 
canal curvatures greater than 20°. Files larger 
than size #30 will have inherent infl exibility 
resulting in straightening of the canal and pre-
disposition to canal stripping.   

a b c d

e f g h

  Fig. 3.12    Clinical diagrams representing step-back prep-
aration technique. ( a – e ) After coronal fl aring and deter-
mining the master apical fi le (initial fi le that binds slightly 
at the corrected working length), ( f – h ) the succeeding 
larger fi les are shortened by 0.5 or 1.0 m increments from 

the previous fi le length. This step-back process creates a 
fl ared, tapering preparation while reducing procedural 
errors. The step-back preparation is superior to standard-
ized serial fi ling and reaming techniques in debridement 
and maintaining the canal shape       
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   7.    Any fi les that show signs of defects such as 
unwinding should be discarded on inspection 
(Fig.  3.14 ).

        Crown-down technique 

    1.    Hedstrom fi le sizes #15, 20 and 25 can be 
used with light apical pressure in the coronal 
two-thirds of the canal. Files should never be 
forced and placed short of the point of bind-
ing. If the canal is extremely calcifi ed or 
exhibits a signifi cant curvature, then smaller 
#08 and #010K fi les can be used to ensure 
patency. Circumferential fi ling motion with 
the H fi les ensures dentine interferences and 
pulpal tissue remnants are removed prior to 
pre-enlargement using Gates-Glidden burs 
(Fig.  3.15 ).

       2.    Copious irrigation should be used to ensure 
dentine debris and pulp tissue remnants are 
fl ushed out preventing apical blockage.   

   3.    A No.2 and No.3 Gates-Glidden bur can be 
used in the coronal two-thirds just short of the 
apical one-third or curvature.   

   4.    Working length is established, and the apex is 
enlarged (preferably minimal size #25 or #30 
to ensure optimal irrigation).   

   5.    A step-back preparation is carried out to blend 
the apical one-third and coronal two-thirds 
preparation.   

   6.    Recapitulation and patency fi ling is 
recommended to ensure patency is maintained 
and no dentine debris/mud blocks the canal 
apically. Copious irrigation should be carried 
out using sodium hypochlorite solution.   

   7.    Circumferential fi ling with a H fi le equivalent 
to the master apical fi le size to remove dentine 
interferences in the canal wall and ensure a 
smooth tapered preparation.   

   8.    Working length radiograph is recommended 
to confi rm desired length of preparation.    

3.5       Creating a Glide Path 

 Over the last thirty years, the use of manual 
and rotary nickel-titanium instrumentation has 
revolutionized the fi eld of endodontics and the 
way in which canals are cleaned and shaped. 
A concern regarding the use of any instrument 
that is rotated within the canal is the risk of either 
torsional or fl exure fatigue that can lead to instru-
ment separation. Torsional failure occurs when 
the instrument tip or any part of the  rotating 

a b c d

  Fig. 3.13    ( a – d ) Diagrammatic representation of the 
‘watch winding technique’. Watch winding is reciprocat-
ing back and forth (clockwise/counter-clockwise) rotation 

of the instrument in an arch of 20°. It is useful for canal 
negotiation and fi le advancement to the apex. Light apical 
pressure is applied to move the fi le deeper into the canal       
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a b c d

  Fig. 3.14    Diagrammatic representation of  the ‘balanced 
force technique’. Note ( a ) before preparation is carried 
out all coronal interferences are removed to ensure 
straight-line access. This reduces iatrogenic preparation 
errors and excessive fi le deformation and propensity to 
fracture (especially in curved canals). The balanced force 
concept of instrumentation consists of ( b ) placing a fi le to 
length and ( c ) rotating the fi le clockwise to engage den-
tine followed by ( d ) rotation of the fi le counter-clockwise 
with apical pressure.  The degree of apical pressure varies 

from light pressure with small instruments to heavy pres-
sure with larger instruments. The clockwise rotation 
pushes the instrument into the canal in an apical direction. 
The counter-clockwise cutting rotation forces the fi le in a 
coronal direction whilst cutting circumferentially. 
Following the cutting rotation the fi le is repositioned and 
the process is repeated until adequate enlargement to 
working length is achieved. The balanced force technique 
has been shown to reduce canal transportation and ledging 
in curved canals       

a b c d

  Fig. 3.15    ( a – d ) Diagrammatic representation of the 
crown-down technique whereby root canal preparation is 
completed from a coronal to apical direction. Traditional 
stainless instruments (K fi les or Gates Glidden burs) are 
used from larger to smaller fi les and advanced in an apical 
direction. Modern  nickel-titanium rotary fi le preparation 
utilizes a crown down approach. Advantages include early 

debris removal coronally, deeper penetration of irrigants, 
reduced procedural errors such as ledging and zipping and 
less apical debris extrusion. During any corona-apical 
preparation frequent irrigation is essential and any force-
ful instrumentation may result in canal ledging, transpor-
tation, blockage or instrument separation       
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instrument binds to the canal wall, whilst the 
remainder of the instrument keeps rotating. The 
end result is fracture of the fi le due to excessive 
forces placed on the fi le beyond the elastic limit. 
Flexural fatigue relates to an instrument that is 
not bound within the canal but freely rotates 
resulting in weakening of the instrument due 
to excessive forces at the point of  maximum 
fl exure. This usually occurs in canals with cur-
vatures where undue stress is placed on the rotat-
ing instrument. Coronal pre-enlargement and 
creation of a “glide path” minimize the risk of 
instrument fracture. Glide path creation involves 
the use of either small fl exible stainless steel hand 
fi les (sizes 10, 15 and 20) or rotary fi les to create 
suffi cient space for the rotary instrument to fol-
low. PathFile NiTi rotary instruments consist of 
three instruments with 21-25-31 mm lengths and 
0.02 taper. The PathFile #1 (purple) has an ISO 
13 tip size; the PathFile #2 (white) has an ISO 16 
tip size; the PathFile #3 (yellow) has an ISO 19 
tip size. The recommended technique for creating 
a rotary glide path is as follows:

    1.    Ensure straight-line access and removal of 
all coronal interferences within each root 
canal.   

   2.    Negotiate the canal to WL (confi rmed with 
apex locator and radiograph) and establish 
patency using pre-curved stainless steel K 
fi les (sizes 06, 08 or 10).   

   3.    Establish an initial manual glide path using K 
fi les in a watch-winding movement.   

   4.    Do not proceed with PathFiles until a size 
10 K fi le has been established as an ini-
tial glide path. Verify this by inserting a 
size 10 K fi le at working length, with-
draw 2 mm by hand and then reposition to 
WL. Repeat withdrawing a further 5–7 mm 
to ensure a smooth reproducible glide path is 
present.   

   5.    PathFile #1 (ISO 0.13 mm at the tip) is intro-
duced into the root canal at a rotation speed of 
300 rpm in a slow in and out movement until 
full WL is achieved. It is important to never 
push the instrument or keep the instrument 
rotating in the same position, especially in 

a b c

  Fig. 3.16    Diagrammatic representation of a mandibular 
molar tooth undergoing reproducible glide path prepara-
tion using nickel-titanium rotary Pathfi les. Note ( a ) 

Pathfi le #1 ( purple ) has an ISO 13 tip size. ( b ) Pathfi le #2 
( white ) has an ISO 16 tip size. ( c ) Pathfi le #3 ( yellow ) has 
an ISO 19 tip size       
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severely curved canals which can lead to ledg-
ing or fatigue and fi le separation.   

   6.    Copious irrigation is recommended during 
glide path preparation and between each fi le 
use. Recapitulation with a 10 K fi le is impor-
tant to maintain patency to full WL.   

   7.    Proceed with PathFile #2 (ISO 0.16 mm at the 
tip) and PathFile #3 (ISO 0.19 mm at the tip) 
using the same protocol described before.   

   8.    Proceed with NiTi rotary preparation accord-
ing to manufacture guidelines (Fig.  3.16 ).

3.6            Loss of Working Length 
and Patency Filing 

 During root canal cleaning and shaping proce-
dures, dentine chips produced by instrumenta-
tion and compaction of pulp tissue remnants into 
the apical foramen can occur leading to apical 
blockage and loss of working length. The com-
bination of copious irrigation throughout and the 

repeated penetration of the apical foramen with a 
small fi le during instrumentation can prevent the 
 accumulation of debris in this area leaving the 
foramen unblocked, e.g. patent. This concept has 
been described as apical patency. Maintaining 
apical patency throughout the root canal instru-
mentation procedure ensures that the working 
length is not altered and that optimal cleaning 
and shaping objectives are achieved (Fig.   3.17  ).

3.7        Recapitulation 

 Recapitulation is defi ned as “the reintroduction 
of small fi les during root canal preparation to 
keep the apical area clean and patent”. The step- 
back technique and use of stainless steel hand 
fi les require the sequential placement of smaller- 
sized instruments to confi rm WL is maintained 
prior to the introduction of a larger-sized instru-
ment. This prevents packing of dentine debris or 
dentinal mud in the apical portion of the canal 

a b c

  Fig. 3.17    Clinical radiographs of a mandibular molar 
tooth demonstrating ( a ) straight-line access ( dotted lines ), 
initial apical fi le size 10 K used to negotiate canal to 

working length, ( b ) 06 K patency fi le beyond apical 
foramen, and ( c ) master apical fi le 25 K working length       
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during preparation. Recapitulation ensures 
patency to the apical foramen, whereas patency 
fi ling ensures that the fi le is not only able to pass 
to the apical foramen but also beyond into the 
surrounding periapical tissues. Recapitulation 
should be used in any instrumentation technique 
prior to the introduction of a larger sequential fi le 
in the preparation steps. Suffi ce to say irrigation 
is an essential requirement during the process of 
instrument recapitulation.  

3.8     Determination of Final Canal 
Preparation Size 

 The fi nal apical size preparation has been a long- 
standing debate and is still focus of much 
disagreement in the endodontic fi eld. From a 
biological standpoint, the aim of cleaning and 
shaping procedures is to ensure that all 
microorganisms and their by-products and 
necrotic pulp tissue remnants and infected 
dentine have been disinfected to allow for 
periapical healing to occur. From a mechanical 
perspective, a tapered canal with a minimum ISO 
size #30 will not only ensure that biological 
objectives are adhered to (through effective 
irrigation, disinfection and antimicrobial 
dressings) but also the end stage of fi nal 
obturation can be carried out predictably with 
ease. Complex root canal anatomy such as canal 
curvatures greater than 20°, multiple canal curva-
tures (S shaped), confl uent canals with abrupt 
merging or sharp exits at apical foramen will ulti-
mately dictate fi nal apical preparation size 
(Fig.   3.5  ). The astute clinician must be able to 
gauge early canal confi guration and limits of 
preparation techniques that can be safely used 
without aberrant iatrogenic damage such as canal 
transportation and ultimate perforation.  

3.9     Under-preparation 
and Under-instrumentation 

 Root canal under-preparation and under- 
instrumentation refer to the failure to adequately 
remove pulp tissue, dentinal debris and microor-

ganisms from the root canal system. Suffi ce to 
say inadequate preparation not only lends itself 
to failure of achieving the biological aims of 
cleaning and shaping but also inadequate shape 
necessary for three-dimensional obturation. 
Underprepared canals are best managed by 
adhering to the principles necessary when deter-
mining correct WL, adequate cleaning and shap-
ing, use of patency fi ling and recapitulation and 
copious irrigation.  

3.10     Over-preparation 
and Over-instrumentation 

 Over-preparation refers to excessive removal of 
tooth structure. During canal cleaning and shaping 
procedures, both coronal and apical preparation 
should correspond to the respective size, shape and 
curvature of the root. Overzealous preparation, 
particularly near danger zones such as the furcal 
region of molar teeth, canal curvatures greater than 
20° or inappropriate instrument use such as a 
Gates-Glidden crown- down approach, can lead to 
not only apical transportation and zipping or ledg-
ing but also stripping and iatrogenic perforation. 
Modifi cations to the preparation technique to be 
used should be made according to pre-existing 
canal anatomy. Conservative use of any instrument 
within the canal is recommended without exces-
sive preparations that can lead to further weaken-
ing of tooth structure and ultimate demise of the 
tooth by way of root fracture. 

 Over-instrumentation refers to instrumenting 
beyond the confi nes of the apical constriction 
leading to excessive apical enlargement. Careful 
use of patency fi les ensuring only small 06 or 08 
fi les are passively passed 0.5–1 mm beyond the 
apical constriction will not lead to this undesirable 
outcome. On the other hand, disregard and poor 
attention to WL will lead to large fi le sizes 
preparing beyond the apical constriction leading 
to irreversible damage and an open apex with an 
increased likelihood of overfi lling, inadequate 
apical seal and pain and discomfort for the 
patient. Clinically, the clinician may be alerted to 
this fact by bleeding in the apical portion of the 
canal. Often in canals with curvatures, the WL 
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will be altered with inevitable straightening of 
the canal following canal preparation with a 
reduction in the WL. If the clinician fails to 
recognize this and continues to proceed with the 
initial WL, over-instrumentation will occur.  

3.11     Blockage Versus 
Calcifi cation 

 Blockage refers to an obstruction in a previously 
patent canal system. Access to the apical con-
striction is prevented and is commonly as a 
direct consequence of inappropriate cleaning 
and shaping principles. The cause of the block-
age may be due to packing of dentine chips/
debris or pulp tissue remnants from within the 
canal. Blockages can also occur as a result of 
restorative materials, cotton wool pledgets, 
paper points or separated instruments that can 
become introduced into the canal system and 
subsequently pushed in an apical direction if not 
recognized early. Renegotiation of the canal fol-
lowing packing of dentinal debris (mud) and 
pulp tissue remnants can be particularly trouble-
some. The best management is prevention by the 
use of copious irrigation, recapitulation and 
patency fi ling. To avoid restorative materials 
entering the root canal space correct access prep-
aration, extension and dismantling of restora-
tions is advisable prior to canal shaping and 
cleaning procedures. Removal of amalgam par-
ticles from within the root canal may be achieved 
by irrigation. Specifi c treatment protocols for 
instrument removal are discussed in Chap.   11    . 

 If dentinal debris or pulp tissue remnants are 
suspected to be the cause of blockage, the 
following protocol may help removal:

    1.    A small stiff K fi le (size 10 or 15) can be used 
to try and negotiate through the blockage or 
seek to fi nd space around the blockage.   

   2.    The use of copious irrigation and sodium 
hypochlorite whenever any instrument is 
introduced into the canal should allow for 
removal of necrotic pulp tissue remnants and 
organic debris created by the smear layer 
effect.   

   3.    The use of EDTA is recommended for smear 
layer removal and inorganic tissue remnants.   

   4.    Care must be taken when introducing a fi le for 
removal of metallic amalgam fi lling materials, 
dentine debris or pulp stones/calcifi cations 
since too large a fi le may result in advertent 
pushing of debris further apically. It may be 
best to try and negotiate to WL using small 
fi les with copious irrigation followed by 
successively larger instruments.   

   5.    Once the fi le has reached the original WL, it 
may be necessary to carry out circumferential 
fi lling in small amplitudes of 1–2 mm to the WL 
to ensure that patency is maintained. This may 
also help dislodge further blockage material.   

   6.    Insertion of a small size H fi le to WL can help 
dislodge blockage material on the outstroke 
movement engaging the material as the fi le is 
withdrawn.   

   7.    Occasionally, the blockage may not be 
bypassed or removed requiring alteration in 
WL and a possible surgical approach if 
healing does not occur.     

 Calcifi ed canals are often encountered 
resulting in the inability to reach the apical 
limit of preparation due to a previously irri-
tated pulp, which attempts to mount a repara-
tive response prior to eventual pulp demise. 
Isolated pulp stones, diminished coronal pulp 
volume and diffuse root canal calcifi cation 
may all be evident on preoperative radiographs. 
In most cases through careful treatment 
approaches, these obstructions can be over-
come (see Chap.   4    ).  

3.12     Canal Transportation 

 Canal transportation is defi ned as the “removal of 
canal wall structure on the outside of the curve in 
the apical half of the canal due to the tendency of 
fi les to restore themselves to their original linear 
shape during root canal preparation; may lead to 
ledge formation and possible perforation”. This 
phenomenon is attributed to a number of variables 
including the properties of any metal alloy that 
lends itself to straightening when placed in a 
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curved canal. Due to these restoring forces, the 
cutting edges of the instrument will be forced 
against the outer aspect of the curve (convexity) 
in the apical one-third and against the inner 
aspect of the curve (concavity) in the coronal and 
middle one-third of the canal. As a result, apical 
canal areas will tend to be over-prepared on the 
convexity of the canal, whereas more coronally 
greater amounts of dentine removal will occur on 
the concavity of the canal walls. This phenomenon 
will lead to various degrees of canal transportation 
or straightening including apical foramen 
damage, zip formation, elbow formation, ledging, 
perforation and stripping. The clinician must be 
aware of the dangers when carrying out cleaning 
and shaping procedures and necessary steps to 
minimize risk of occurrence. 

  Damage to the apical foramen  
 Original canal curvature deviation at the api-

cal foramen can lead to excessive over-prepara-
tion and irreversible damage. As a consequence, 
the periapical tissues may be irritated by over- 
instrumentation, over-preparation and risk of 
extruded dentine debris, irrigants or obturating 
materials. 

  Zipping  
 Zip formation is defi ned “as an elliptical shape 

that may be formed in the apical foramen during 
preparation of a curved canal when a fi le extends 
through the apical foramen resulting in transpor-
tation of the outer wall”. This will often produce 
an “hourglass”, “a teardrop” or “foraminal rip” at 
the apical foramen, which can be diffi cult to seal 
and obturate. 

  Elbow  
 Elbow formation results in a narrow portion of 

root canal at the point of excessive over- 
preparation that occurs at the inner aspect of the 
curvature apically and outer aspect of the curva-
ture more coronally. The resultant taper of the 
canal is insuffi cient with diffi culties associated 
with cleaning, shaping and obturation. 

  Ledge  
 Ledge formation is defi ned as “an artifi cial 

irregularity created on the surface of a root canal 
wall that impedes the placement of an instrument 
to the apex of an otherwise patent canal”. Ledging 
of curved canals is a common instrumentation 

error that usually occurs on the outer aspect of 
the curvature due to careless manipulation and 
excessive cutting (Fig.  3.18 ).

    Perforation  
 Perforation is defi ned as “the mechanical or 

pathological communication between the root 
canal system and the external root surface”. This 
can occur in any part of the canal where a repro-
ducible glide path has not been achieved and 
careless overzealous use of a sharp cutting instru-
ment is forced to create an artifi cial pathway and 
eventual communication with the external root 
surface. Apical perforations can lead to irritation 
of the peri-radicular tissues and unfavourable 
healing. 

  Strip perforation  
 Strip perforation is defi ned as “a complete 

penetration of a root canal wall due to excessive 
lateral tooth structure removal during canal prep-
aration; usually occurs in curved canals or roots 
with surface invagination’s”. These types of 
perforations commonly occur in the inner side of 
the curvature in the coronal and middle 1/3rd 
of the canals resulting in a communication 
between the root canal system and periodontal 
ligament in mandibular molars at the furcal 
aspect known as the “danger zone”.  

3.13     Clinical Cases 

  Case 1     Endodontic treatment of tooth 16 with 
calcifi ed canals, long roots and abrupt apical 
curvatures 

 A 46-year-old patient was referred for non- 
surgical endodontic treatment of tooth 16 
(Figs.   3.19   and   3.20  ). Clinical examination con-
fi rmed the tooth had an extensive tooth coloured 
restoration, which was tender to percussion. 
Radiographic examination revealed an extensive 
pin-retained coronal restoration. The pulp cham-
ber appeared diminished in size with a calcifi ed 
root canal system. Following straight-line access 
preparation and ultrasonic troughing, four canal 
orifi ces were located. The canals were calcifi ed, 
long and tortuous in nature (working lengths of 
27 mm in MB1 and MB2), and abrupt curvatures 
were confi rmed in the mesiobuccal canals with 
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confl uence. Apical patency was maintained 
throughout, and initial glide path was created 
using rotary nickel- titanium PathFiles. 
Chemomechanical preparation was completed 
using rotary fi les using a hybrid technique. 
Following an intra- canal dressing of calcium 
hydroxide for 4 weeks, the patient was seen for 

completion of treatment. Obturation was com-
pleted using a combination of warm vertical and 
warm lateral compaction.

      Case 2     Endodontic retreatment and intentional 
reimplantation of tooth 27 with canal 
transportation 

a b c

d e f

g h i

  Fig. 3.18    Clinical radiographs demonstrating manage-
ment of ledges in tooth 46. The general dental practitio-
ner was unable to negotiate the mesial and distal canals 
to length. Note ( a ) preoperative view of tooth 46 show-
ing previous endodontic access. ( b ) Initial apical fi le 
(IAF) in MB canal could not be negotiated to length. 

A ledge was confi rmed at this point ( black arrow ). ( c ) 
Working length following ledge negotiation. ( d ) Ledge in 
distal canal ( red arrow ). ( e ) Ledge negotiation. ( f ) Master 
apical fi le working length radiograph. ( g ) Mid-fi ll radio-
graph and ( h ) and ( i ) completed obturation of canals       
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 A 78-year-old fi t and healthy lady was referred 
for endodontic retreatment of tooth 27 (Fig.  3.21 ). 
The patient recalled endodontic treatment had 
been carried out many years previously. Recently, 
she had become aware of localized pain and dis-
comfort in relation to this tooth. Clinical exami-
nation revealed signifi cant palpation tenderness 
with the tooth. A 7 mm probing profi le was noted 
with the mid-buccal aspect of the tooth. A cast 
cuspal coverage restoration was present with 
good marginal integrity. Radiographic examina-
tion confi rmed previous endodontic therapy. The 
MB1 and P canals were transported. A peri-
radicular radiolucency was associated with the 
mesial root. A decision was made to attempt non-
surgical root canal retreatment.

   An access cavity was prepared through the 
existing crown, core material dismantled and 
MB1, DB and P canals identifi ed. Previous 
gutta- percha was removed using a combination 
of heat and solvents. The MB1, DB and P canals 
were blocked and could not be negotiated to 

length. Ultrasonic troughing revealed an addi-
tional untreated MB2 canal. Chemomechanical 
preparation was completed and an intra-canal 
dressing of calcium hydroxide placed. The 
patient was reviewed a month later, and the sinus 
had not resolved. A decision was made to under-
take an intentional reimplantation procedure. 

 The tooth was extracted using an atraumatic 
extraction technique. The roots were assessed 
for any evidence of root fractures. The MB root 
was fused to the DB root. All four roots were 
resected, and retrograde ultrasonic preparation 
was completed prior to retrograde fi lling using 
MTA. The tooth was bathed in saline throughout 
the entire procedure (total time 15 min). The 
tooth was atraumatically replanted. The patient 
was advised a soft diet for 1 week and analgesics 
as required. 

 At the review appointment 1 month later, the 
tooth had settled down, and all her symptoms 
had resolved. The tooth was reaccessed and 
orthograde obturation completed using a warm 

a b c

  Fig. 3.19    Clinical radiographs demonstrating 
nonsurgical root canal treatment of tooth 16. Note ( a ) 
preoperative fi lm demonstrating calcifi ed canal system. 
( b ) Initial apical radiograph demonstrating abrupt 
curvatures in all canals. A hybrid rotary technique was 

used maintaining apical patency fi ling throughout. ( c ) 
Master apical fi le radiograph demonstrating fi nal apical 
sizes. A decision was made to limit apical preparation size 
due to the abrupt curvatures seen       
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 vertical compaction technique. The patient was 
reviewed at 3 and 6 months at which time the 
buccal pocketing had resolved. The tooth 
remained asymptomatic with normal probing 
profi les. The patient has been placed on long- 
term review to ensure there are no signs of 
replacement resorption.  

  Clinical Hints and Tips to Minimize Iatrogenic 

Errors Such as Canal Transportation 

•     Correct straight-line access cavity prepara-
tion with removal of coronal interferences 
results in uninterrupted access to the apical 
one-third and curvature.  

•   Creation of a reproducible glide path to 
ensure that larger tapered rotary fi les can fol-
low a smooth path to the apex of the tooth.  

•   Avoiding the use of infl exible large-size 
stainless steel instruments (ISO size 25 and 
above) in moderate curved canals (curva-
tures greater than 20°).  

•   Preparation of moderate to severe canal 
curvatures. The degree of canal curvature 
and radius of curvature must be assessed. 
In general, the greater the degree of canal 
curvature and the smaller the radius of cur-
vature, the greater the risk of canal transpor-
tation. Instrumentation techniques need to 
be modifi ed according to canal anatomy.  

a b

  Fig. 3.20    ( a ,  b ) Clinical radiographs demonstrating fi nal 
obturation of tooth 16. A warm vertical and warm lateral 
compaction technique was used with AH cement. Note 
sealer puffs confi rming maintenance of apical patency 
throughout the treatment. The purpose of shaping is to 
facilitate cleaning and provide space for placement of the 

obturating material. The main objective of shaping is to 
maintain a continuously tapering funnel from the canal 
orifi ce to the apex. This decreases procedural errors when 
cleaning and enlarging apically. The degree of apical 
enlargement is often dictated by canal anatomy and the 
risk of canal transportation       
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•   Copious irrigation to prevent accumulation 
of dentinal debris within the canal.  

•   Instrumentation techniques used. Crown- 
down and balanced force techniques 
may be better when preparing curved 
canals compared to traditional step-back 
techniques.  

•   Avoid forcing any instrument in the canal.         
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      Non-surgical Root Canal 
Treatment                     
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    Summary  

  A plethora of new technology in endodontics has been available over the 
last 30 years, yet the outcome measures of success have changed very lit-
tle. The clinician must be aware that the goal of non-surgical root canal 
treatment is fundamentally a biological one and the instrumentation of the 
canal serves to facilitate this approach. Adequate irrigation, disinfection, 
antimicrobial medication and subsequent obturation and fi nal restoration 
all play key roles in preventing reinfection. Key factors that can have a 
negative impact on outcome are discussed.  

    Clinical Relevance 

 Non-surgical root canal treatment requires 
careful preoperative assessment to determine 
whether the tooth to be treated is of moderate 
or high risk requiring referral. Satisfactory 
canal preparation during non-surgical root 
canal treatment can be carried out with nickel-
titanium instruments using a variety of sys-
tems. Canal curvatures (specifi cally radius of 
curvature and angle of curvature) and calcifi ed 
canals warrant particular attention, and a good 
understanding allows appropriate manage-
ment without the risk of iatrogenic errors of 
canal transportation or fi le separation.  

4.1     Overview of Non-surgical 
Root Canal Treatment 

 The principal aim of non-surgical root canal treat-
ment is to prevent or cure apical periodontitis 
[ 1 ]. Elimination of microorganisms from within 
the root canal is based on sound biological and 
mechanical principles using antibacterial irriga-
tion and disinfection techniques during cleaning 
and shaping procedures. A well- obturated root 
canal and fi nal coronal restoration aims to seal 
this complex system entombing any remaining 
bacteria as well as preventing reinfection from 
the oral cavity (see Fig.  4.1 ). Our understanding 
of the endodontic infection continues to evolve, 
as cultivation methods including newer molecu-
lar techniques are refi ned [ 2 ]. A signifi cant por-
tion of the bacteria taking part in the microbiome 
associated with apical periodontitis still remain 
to be cultivated and phenotypically characterised 
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[ 3 ]. The signifi cance of these yet-to-be identifi ed 
diffi cult-to-culture species is therefore limited 
and to this extent unknown to date. Further stud-
ies may provide the answers as to the biological 
role of these new taxa, their microbial pathoge-
nicity and treatment strategies that may lead to 
future improvement in root canal treatment. To 
this end, the endodontic profession has benefi ted 
from numerous biological and technological 
advancements in an attempt to improve treatment 
outcomes.

   However, in the last 30 years, despite these 
developments, there have not been any real 
improvements in terms of the outcome of treat-
ment (success) and prognosis. Various cross- 
sectional surveys assessing root canal treatment 
outcome have repeatedly demonstrated a signifi -
cant correlation between the presence of an apical 
radiolucency and a radiographically inadequate 
root fi lling. A recent systematic review confi rmed 
a high prevalence of peri- radicular radiolucencies 
(PR) that vary from 0.5 to 13.9 % overall [ 4 – 7 ]. 

 It is therefore obvious that certain treatment 
factors must potentially have an impact on treat-
ment outcome. A recent study attempted to iden-
tify these factors and their infl uence on outcome 
measured by the periapical status of the teeth. 
This prospective study involved annual clinical 
and radiographic follow-up of non- surgical root 
canal treatment of 702 teeth in 534 patients car-
ried out by endodontic postgraduate students for 
2–4 years. Pre-, intra- and postoperative data was 
collected prospectively using customised data 
collection forms and investigated using multiple 
logistic regression models. Ten prognostic fac-
tors were identifi ed. Four preoperative factors 
(the preoperative absence of a periapical lesion, 
in the presence of a periapical lesion the smaller 
the size the better the prognosis, the absence of a 
preoperative sinus tract and the absence of tooth/
root perforation) and six intraoperative factors 
(achievement of patency at the canal terminus, 
extension of canal cleaning (and therefore fi ll-
ing) as close as possible to the apical terminus, 

a b

  Fig. 4.1    Clinical radiographs demonstrating ( a ) immedi-
ate post-operative view of non-surgical root canal treat-
ment of tooth 47 treated over the course of two visits using 
an intra-canal medicament. Preparation was carried out 
using ProTaper Universal fi les 25.06 and obturation using 
vertical compaction (System B and Obtura using AH Plus 
cement). Note adequate cleaning and shaping have 
allowed the lateral canal to be sealed in the mesial root. 
The acute apical distal curvature was maintained and api-
cal patency confi rmed with a seal puff. ( b ) Six-month 

post-operative view demonstrating well-placed coronal 
permanent cast restoration to ensure biological seal is 
maintained. Note the distal peri-radicular radiolucency 
has resolved. Nonsurgical root canal treatment has a 
100 % capability of healing provided biological chemo-
mechanical preparation and obturation have been carried 
out with strict adherence to common protocols. Nickel-
titanium technology can produce predictable radicular 
preparations that can be easily obturated       
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abstaining from the use of 2 % chlorhexidine 
as an adjunct to sodium hypochlorite solu-
tion, absence of inter- appointment fl are-up, the 
absence of root fi lling extrusion and the presence 
of a satisfactory coronal restoration) were all 
found to infl uence success based on periapical 
health associated with roots following non-sur-
gical root canal treatment [ 8 ]. Interestingly the 
specifi c type of instrument utilised in mechanical 
preparation (stainless steel or nickel-titanium) 
had no direct effect on outcome. More impor-
tantly the biological factors indirectly related to 
preoperative and perioperative factors are what 
determine whether a case is successful or fails. 

 In order to improve the success rate of root 
canal treatment in general dental practice, the 
referral of diffi cult cases to dentists with advanced 
knowledge and training in endodontics may be 
appropriate. The decision to treat a case lies with 
the practitioner and should be based on whether 
the case is perceived to be treatable or beyond 
their abilities requiring a referral to a specialist 
endodontic practitioner. One can assume that, if a 
practitioner treats a case beyond his or her level 
of expertise, then there may be a greater likelihood 
of iatrogenic incidents that can result in an 
unsuccessful treatment outcome. The General 
Dental Council [ 9 ], the European Society of 
Endodontology [ 10 ] and the American 
Association of Endodontists [ 11 ] provide 
guidance for clinicians when making a referral. 
The American Association of Endodontists has 
published a form, which describes 17 areas that 
should be assessed when evaluating the potential 
diffi culty of an endodontic case. Diffi cult cases 
that deserve particular attention and possibly the 

need to refer include patient factors (complex 
medical history, diffi culty with achieving 
anaesthesia, prominent gag refl ex and signifi cant 
pain and swelling), radiographic factors 
(diffi culty obtaining radiographs, appearance of 
calcifi ed canals, pulp stones and obstructions) 
and tooth factors (tooth type, inclination, canal 
curvature, canal morphology) (see Tables  4.1 ,  4.2  
and  4.3 ). 

 Endodontic instrumentation plays an impor-
tant role in the process of microbial elimina-
tion from root canal systems. Stainless steel 
 instruments have been the principal material for 
fabrication of endodontic fi les until nickel- 
titanium alloy was proposed in 1989 [ 12 ]. Since 
its inception, nickel-titanium rotary fi les have 
become a routine part of the endodontic arma-
mentarium enabling clinicians to treat straightfor-
ward cases in a timely and effi cient manner. If one 
were to compare effectiveness with regard to 
elimination of biofi lm from within the root canal 
system, no study to date has proved that nickel-
titanium fi les are superior when compared to 
stainless steel [ 13 ]. Traditional stainless steel 
instruments are standardised to a taper of 
0.02 mm/1.00 mm in length (2 % taper). Rotary 
instruments on the other hand have developed 
tapers ranging from 2 to 10 %. Due to the inherent 
infl exibility of larger-sized stainless steel instru-
ments and to avoid canal transportation in curved 
canals, standardised preparation techniques pro-
posed a fi nal apical instrument size of #20 or #25. 
The clinician must be aware that nickel-titanium 
although inherently fl exible due to the super elas-
ticity is prone to canal transportation due to its 
other property of shape memory. Use of a 6 % or 

    Table 4.1    Patient risk factors that need to be considered when assessing case diffi culty that may warrant further end-
odontic referral   

 Moderate risk  High risk 

 Medical history  One or more medical problems  Complex medical history or serious 
illness/disability 

 Anaesthesia  Vasoconstrictor intolerance  Diffi culty achieving anaesthesia 
 Patient disposition  Anxious  Uncooperative 
 Mouth opening ability  Slight limitation in opening  Signifi cant limitation 
 Gag refl ex  Gags occasionally  Severe gag refl ex 
 Presence of swelling/pain  Moderate pain or swelling  Severe pain or swelling 

  Adapted from the AAE Endodontic Case Diffi culty Assessment Form 2009  

4 Non-surgical Root Canal Treatment



74

     Table 4.2    Treatment considerations that need to be considered when assessing case diffi culty that may warrant further 
endodontic referral   

 Moderate risk  High risk 

 Radiographic assessment  Diffi culty obtaining 
 radiographs due to high fl oor of 
mouth, narrow or low palatal vault, 
presence of tori 

 Extreme diffi culty in obtaining adequate 
radiographs 

 Tooth 
 position in the arch 

 1st molar 
 Moderate inclination (10–30°) 
 Moderate rotation 
 (10–30°) 

 2nd or 3rd molar 
 Extreme inclination (>30°) 
 Extreme rotation (>30°) 

 Tooth 
 isolation 

 Pretreatment modifi cation required 
for rubber dam isolation 

 Extensive pretreatment modifi cation 
required 

 Crown 
 morphology 

 Full coverage 
 Bridge abutment 
 Moderate toot/root deviation 
 Teeth with extensive coronal 
destruction 

 Restoration does not refl ect normal 
anatomy/alignment 
 Signifi cant deviation from normal tooth/
root 

 Canal and root 
 morphology 

 Moderate curvatures (10–30°) 
 Crown axis differs from root axis 
 Wide open apex (1–1.5 mm) 

 Extreme curvature (>30°) 
 Premolars with more than two canals 
 Lower incisors with two canals 
 Canal division in middle/apical 1/3rd 
 Very long teeth (>25 mm) 
 Open apex (>1.5 mm) 

 Radiographic appearance 
of canals 

 Canal and chamber visible but 
reduced in size 
 Pulp stones present 
 Partial canal calcifi cation 

 Indistinct canal paths 
 Canal (s) not visible 
 PCO present 

 Resorption  Apical resorption present  Extensive apical resorption 
 Internal resorption 
 External resorption 

  Adapted from the AAE Endodontic Case Diffi culty Assessment Form 2009  

    Table 4.3    Additional considerations when assessing case diffi culty that may warrant further endodontic referral   

 Moderate risk  High risk 

 Trauma history  Complicated crown fracture 
 Subluxation 

 Complicated crown fracture immature 
tooth 
 Horizontal root fracture 
 Alveolar fracture 
 Intrusion 
 Luxation 
 Extrusion 
 Avulsion 

 Endodontic treatment history  Previous access without 
complications 

 Previous access with complications 
 Perforations 
 Unlocated canal 
 Ledging 
 Canal transportation 
 Instrument fracture 

 Periodontal-endodontic condition  Concurrent moderate periodontal 
disease 
 Draining sinus 

 Severe periodontal disease 
 Cracked teeth 
 Combined perio-endo lesions 
 Root amputation 

  Adapted from the AAE Endodontic Case Diffi culty Assessment Form 2009  
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8 % tapered instrument in a curved canal can lead 
to either alteration in original canal anatomy or 
risk of fi le separation. Recently a proprietary 
method of thermo- mechanical treatment of nitinol 
wire was developed known as “M-wire”. Vortex 
Blue rotary fi les (Dentsply, Tulsa Dental 
Specialities) alter the machined nitinol wire by a 
series of complex heating and cooling treatments 
resulting in a shape memory alloy that makes the 
instruments extremely fl exible at room tempera-
ture [ 14 ]. Studies have demonstrated that rotary 
instruments manufactured from M-wire had sig-
nifi cantly higher fatigue resistance, torsional 
strength, fl exibility and higher deformation to 
failure when compared to conventional NiTi 
instruments [ 15 ,  16 ]. 

 Nickel-titanium instrument development 
continues to strife forward in an attempt to 
improve fl exibility and resistance using novel 
manufacturing processes [ 17 ,  18 ]. Novel instru-
mentation techniques such as the self- adjusting 
fi le (SAF) system (ReDent, Raanana, Israel) 
represent new concepts in root canal cleaning 
based on a hollow fi le that adapts itself to the 
shape of the canal rather than the conventional 
concept of shaping every canal to a round cross 
section and fi xed taper according to the fi le sys-
tem used [ 19 ]. Commercially available systems 
that have embraced the concept of reciprocation 
as opposed to the tried and tested rotation of 
fi les include Reciproc (VDW, Munich, 
Germany) and WaveOne (Dentsply Maillefer, 
Ballaigues, Switzerland). These systems utilise 
a “single fi le concept” through a counterclock-
wise cutting motion and clockwise rotation that 
have gained widespread appeal due to their sim-
plicity [ 20 ]. At the same time, interest in irriga-
tion research has not waned given the professions 
focus on the ease and predictability of rotary 
instruments to plane the canal walls effi ciently. 
In spite of the ability to create tapered shapes of 
various sizes, studies have demonstrated the 
great extent to which canal walls remain un-
instrumented. The delivery of intra-canal irrig-
ants and its importance as well as an awareness 
of the biological impediments, in the form of 
biofi lms, will no doubt lead to the introduction 

of new standards of irrigation in this fi eld in the 
future [ 21 ]. 

 Root canal preparation can be challenging in 
narrow calcifi ed canals requiring a systematic 
approach for successfully negotiating canals to 
length. Coronally the presence of pulp stones 
can hinder access to the root canals and their 
subsequent shaping. Pulp stones have been 
described as compact degenerative masses of 
calcifi ed tissue, which can be classifi ed accord-
ing to structure (true and false) and location 
(embedded, adherent or free). Embedded or 
adherent pulp stones within the root canal can 
result in signifi cant occlusion of the canals or 
diffi culty with negotiation if present at the curva-
ture. Free pulp stones found in the pulp chamber 
may block access to canal orifi ces and alter the 
internal anatomy. Correct access cavity design, 
ultrasonic fi le use, hypochlorite irrigation and 
magnifi cation should aid in the removal of pulp 
stones and present little diffi culty during root 
canal treatment [ 22 ]. 

 Pulp canal obliteration (PCO) or calcifi c 
metamorphosis occurs commonly in 4–25 % of 
traumatised teeth resulting in apparent loss of 
the pulp space radiographically and yellow dis-
colouration of the crown. These teeth provide 
particular endodontic challenges with increased 
diffi culties with location of the canal, negotia-
tion of the canal, irretrievable instrument frac-
ture and potential iatrogenic perforation [ 23 , 
 24 ]. According to the American Association of 
Endodontist case assessment criteria [ 11 ], these 
cases fall into the high diffi culty category. 

 Reactive and degenerative changes in the pulp 
as a direct consequence of pulpal irritants, insults 
and wear and tear can result in the phenomena of 
“calcifi ed” or “sclerosed” canals. Pulp space 
diminishes throughout life by the regular 
deposition of secondary dentine. Pulp space can 
be further reduced by reactionary or reparative 
dentine (previously classifi ed as tertiary or 
irritation dentine) as a means of reducing the 
porosity of dentinal tubules exposed to carious, 
traumatic or chemical insults. Reactionary 
dentine represents material laid down by existing 
surviving odontoblast cells. Reparative dentine, 
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on the other hand, is a new material laid down by 
new odontoblast-like cells, which have differenti-
ated and migrated to the site of injury following 
the death of primary odontoblast cells. [ 25 ] In 
addition fi brotic changes within the root canal 
system can pose further challenges to canal nego-
tiation with the increased potential of fi brotic 
pulp tissue compaction leading to obstructions 
that can be very diffi cult to overcome [ 26 ]. 
According to the American Association of 
Endodontist case assessment criteria [ 11 ], fol-
lowing radiographic assessment if the canals are 
obviously reduced in size or their path is indis-
tinct or not visible, then these cases fall into the 
category of moderate to high diffi culty. 

 Understanding root canal curvature is also of 
prime importance when carrying out instrumen-
tation techniques in order to assess which taper 
will effectively shape the canal without the risk 
of either structural deformation of the instrument 
(and ultimately fracture) or iatrogenic errors 
including apical transportation, ledges, elbows, 
zips, perforations and loss of working length. 
Several methods have been described in the end-
odontic literature to determine canal curvature 
and more specifi cally the angle and radius of cur-
vature [ 27 ]. Schneider proposed a radiographic 
method to determine canal curvature based on the 
angle that is obtained by two straight lines 
(Fig.  4.2 ). The fi rst line is parallel to the long axis 
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  Fig. 4.2    Diagrammatic representation of the ( a ) 
Schneider measuring method and ( b ) Pruett et al. measur-
ing method for determination of canal curvature. Note ( a ) 
a line is scribed on the radiograph parallel to the long axis 
of the canal. A second line was drawn from the apical 
foramen (Point  B ) to intersect with the fi rst at the point 
where the canal begins to level the long axis of the tooth 
(Point  A ). These two lines intersect at an angle ( X ) as a 
measure of the change in direction of the canal in relation 
to the long axis of the tooth. Note ( b ) a straight line is 

drawn along the long axis of the portion of the canal. 
There is a point on each of these lines at which the canal 
deviates to the brain (Point  C ) or end (Point  D ) the canal 
curvature. The curved portion of the canal is represented 
by a circle with tangents at points  C  and  D . The centre of 
the circle is thus the point at which the vertical lines inter-
sect the tangents through  C  and  D . This method allows 
calculation of the radius of curvature and angle of curva-
ture of two independent parameters       
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of the root canal. The second line passes through 
the apical foramen (point B) until it intersects 
with the fi rst line at which the curvature starts 
(point A). The angle formed (X) allows the 
degree of curvature of root canals to be catego-
rised into straight (≤5°), moderate (10–20°) or 
severe (25–70°) [ 28 ].

   However, this method of canal curvature 
assessment did not consider the radius of 
curvature as a second independent parameter. 
Pruett and colleagues reported that the two root 
canals measured at the same angle in degrees by 
Schneider’s method could have two very differ-
ent radii or abruptness of curvatures. This radius 
of curvature had a signifi cant factor on the num-
ber of cycles to failure of a NiTi engine-driven 
rotary instrument. As the radius of curvature 
decreased, instrument strain and stress increased 
and the fatigue life decreased. In other words, the 
smaller the radius of curvature, the more likely 
canal transportation or instrument fracture to 
occur. The authors graphically determined radius 
of curvature by drawing a straight line along the 
long axis of the coronal portion of the canal (see 
Fig.  4.2 ). 

 Along this line there lies a point at which the 
canal deviates to begin (point C) or end (point D) 
the canal curvature. A circle represents the curved 
portion of the canal, with tangents at points C and 
D. The centre of the circle is thus at the point 
where the vertical lines intersect the tangents 
through C and D. The change in direction of the 
long axis of the canal is described by the radius of 
the circle and by an angle or the arc length of this 
circle. The radius of curvature represents how 
abruptly or severely a specifi c angle of curvature 
occurs as the canal deviates from a straight line. 
The smaller the radius of curvature, the more 
abrupt is the canal deviation, which can result in 
fi le deformation and fracture [ 29 ]. 

 Schäfer and colleagues proposed a modifi ca-
tion of the Pruett method for measuring the angle 
of curvature, radius of curvature and also the 
length of curvature (Fig.  4.3 ) [ 30 ].

   From a clinical standpoint, conventional radi-
ography limits calculation on curvatures since 
unseen curvatures (in the bucco-lingual  direction) 

can also play a signifi cant role in the cleaning and 
shaping of canals. The use of cone- beam CT 
scanning has been advocated for determining 
canal curvatures, particularly in the labio-palatal 
direction, which cannot be seen using stan-
dardised radiographic techniques [ 31 ]. 

 Despite the introduction of fl exible nickel- 
titanium instruments and torque-controlled 
motors, root canal preparation of severely curved 

r

M ac

A

AF

  Fig. 4.3    Diagrammatic representation of the modifi ed 
method proposed by Shafer et al. (2002) for measuring 
angle, radius and length of curvatures. A straight line is 
drawn along the outer side of the tooth canal in the coro-
nal portion; this line is parallel to the long axis of the 
canal. The point where the canal deviates from this line to 
begin the canal curvature is marked (Point  A ). A second 
line is drawn to intersect the apical foramen (Point  AF ) 
with the point where the canal began to leave the long axis 
(Point  A ). The angle of curvature is formed between these 
two lines. The line between the point where the canal 
began to leave the long axis and the apical foramen is an 
arc of the hypothetical circle that defi nes the curved part 
of the canal. The curved part of the root canal between 
these two points  A  and  AF  is the circular arc of the hypo-
thetical circle, which is specifi ed by its radius ( r ). The 
radius of curvature can be calculated on the basis of the 
measured length of the arc based on geometrical princi-
ples of an isosceles triangle       
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canals remains an endodontic challenge with 
risks of canal transportation, procedural errors or 
instrument fracture [ 32 ]. 

 ProTaper NEXT instruments (Dentsply, 
Maillefer) manufactured from M-wire alloy and 
characterised by an innovative off-centre rectan-
gular cross section, which gives the fi les a snake-
like swagger movement during preparation, have 
been introduced specifi cally suited for the prepa-
ration of curved root canals [ 33 ]. ProTaper NEXT 
instruments have been shown to prepare severely 
curved canals (25–39° curved canals) up to a size 
40 without an increased risk of canal straighten-
ing or canal transportation [ 34 ]. 

 Recently, several different single fi le systems 
have been marketed with the ability to shape a 
canal with the use of only one instrument. 
WaveOne (Dentsply, Maillefer, Ballaigues, 
Switzerland) is manufactured from M-wire alloy, 
which is characterised by an increased fl exibility 
and cyclic fatigue resistance in comparison with 
martensitic NiTi. These instruments are used in 
an alternating reciprocal motion of clockwise 
(CW) and counterclockwise (CCW) rotations 
[ 35 ]. These instruments have been shown to be 
safe to use even in severely curved root canals in 
extracted teeth [ 36 ].  

4.2     Endodontic Case Assessment 

 Patient factors that may require endodontic refer-
ral include medical history issues, anaesthesia 
diffi culties, uncooperative anxious patients, 
patients with limited mouth opening, patients 
with a prominent gag refl ex or initial presentation 
of patients requiring further surgical manage-
ment to alleviate acute symptoms (see Tables  4.1  
and  4.2 ).

    In routine cases such as obvious peri-radicular 
pathosis associated with a tooth, the diagnosis 
is usually straightforward. However, in certain 
situations such as irreversible pulpitis, where the 
patient cannot easily identify the offending tooth 
or cases where signs and symptoms are confusing 
as is synonymous with orofacial pain, then prompt 
referral may be necessary to ensure correct man-
agement and appropriate treatment is selected. 

 Treatment considerations warranting particu-
lar attention prior to commencing treatment 
include radiographic assessment of potential dif-
fi culties, tooth position in the arch, isolation 
problems, crown morphology, canal and root 
morphology, radiographic appearance of canals 
and extent of resorption present (see Table  4.2 ). 

 Additional considerations that should be 
assessed include history of trauma, previous end-
odontic history and periodontal-endodontic con-
ditions that may all affect outcome if not correctly 
managed from the outset (see Table  4.3 ).

4.3        Pulp Stones and Coronal 
Calcifi cations 

 In order to locate calcifi ed canal orifi ces, the cli-
nician must fi rst visualise and assess the pulp 
space dimensions on a two-dimensional radio-
graphic image. Access preparation should be ini-
tiated, with this view in mind, and access burs 
directed towards the presumed location of the 
pulp chamber (see Chapter   1     for a more detailed 
discussion). 

 Accurate preoperative radiographs should be 
taken with a long-cone paralleling beam aiming 
device so that an initial measurement can be 
taken to ascertain depth of bur penetration (usu-
ally a distance of approximately 6.5 mm from the 
occlusal surface to the projected pulp chamber 
fl oor). Teeth that have undergone signifi cant cal-
cifi cations and diminished pulp volumes require 
particular care during access preparations. Depth 
of penetration to reach the underlying pulp will 
be less and overzealous preparation could lead to 
iatrogenic perforation. Teeth that have been 
crowned also require appropriate assessment of 
the crown-root orientation to ensure correct 
access preparation results in location of the 
canals (see Figs.  4.4 ,  4.5  and  4.6 ).

     1.    Once the pulp chamber has been located, the 
entire roof of the pulp chamber should be 
removed to facilitate straight-line access and 
unimpeded access to all internal anatomy. Use 
of a non-end cutting bur is essential, and the 
combination of ultrasonic, magnifi cation and 
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illumination is invaluable (see Fig.  4.4  and 
Chap.   1     also for more detailed discussion).

       2.    Any pulp stones encountered in the coronal 
pulp chamber should be removed prior to 
initial instrumentation of any canals to avoid 
the risk of any stones becoming dislodged 
into the root canals and becoming compacted 
apically resulting in blockage and further 
diffi culties with negotiation (see Fig.  4.5 ). If 
a pulp stone accidently falls into one of the 
root canals, then early identifi cation is essen-
tial. Never introduce a large-sized fi le (#20 
or more), which will further increase the 
chance of blockage by pushing the stone fur-
ther apically. Instead small hand fi les (#08 
and #10 Hedstroem fi les) should be intro-
duced, initially bypassing the blockage, and 

then used in a pull motion in an attempt to 
engage the stone more coronally.

       3.    Intermittent fl ushing with sodium hypochlo-
rite solution is advised to facilitate this pro-
cess. If all coronal calcifi cations and pulp 
stone remnants are removed effectively, then 
this minimises any risks during canal cleaning 
and shaping procedures.    

4.4       Location of Canal Orifi ces 

 The pulpal fl oor should be carefully examined 
with prior knowledge from preoperative radio-
graphs and likely anatomy based on tooth type to 
indicate probable number of canals expected. A 
DG-16 probe should be used with fi rm probing 

a b
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  Fig. 4.4    Clinical radiograph and photographs demon-
strating ( a ) pre-operative radiograph showing peri-radic-
ular radiolucency associated with tooth 36. Referring 
clinician has carried out emergency pulp extirpation 
but had diffi culties locating the ‘calcifi ed canals’. 

 Intra-operative dental operating microscopic views show 
( b ) intact root of pulp chamber and ( c ,  d ) unroofi ng and 
ultrasonic troughing carried out to reveal internal anatomy 
with straight line access of all four canals. Canals could be 
easily negotiated to length       
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for signs of any “sticking” associated with the 
presence of a canal orifi ce. Once a suspected ori-
fi ce is found, the canal should be checked for 
patency using small fi ne instruments such as a 
#08 or #10 K fi le. Use of a #6 fi le can be reserved 
for very fi ne calcifi ed canals, but due their inher-
ent lack of stiffness, any calcifi cations encoun-
tered during fi le penetration will result in the fi le 
bending and defl ecting. 

 Occasionally there may be a curvature in the 
coronal aspect of the root canal making initial fi le 
penetration diffi cult. Removal of any cervical 
interference is mandatory to ensure straight-line 
access and minimal interference.

    1.    In cases of calcifi ed canals, preoperative fi lms 
will indicate how far the canal is calcifi ed 
indicated by whether the canal is easily visible 
and traceable on the radiograph or not.   

   2.    If coronal calcifi cations are present, then ini-
tial instrumentation will be very diffi cult. The 
fi rst step is to identify the actual location of 
the orifi ce. Using the laws of symmetry and 
visualisation of the access cavity with knowl-
edge of anatomy, the clinician should begin to 
get an idea as to where the suspected canal 
orifi ce lies.   

   3.    Ultrasonic troughing in this area should help 
in the removal of coronal calcifi cations, which 

a b

c d

  Fig. 4.5    Clinical radiographs and photographs demon-
strating ( a ) pre-operative long-cone parallel radiograph 
demonstrating calcifi ed coronal pulp chamber ( black 
arrow ). Tooth 16 presented with irreversible pulpitis and 
history of cracked tooth syndrome. ( b ) Parallel bitewing 
radiograph confi rms radiopaque mass in coronal pulp 

chamber suggestive of pulp stones. Depth of bur penetra-
tion to roof of pulp chamber can be measured prior to 
access preparation. ( c ) Following access preparation pulp 
stones present in pulp chamber and ( d ) following use of 
ultrasonic refi nement and troughing root canal anatomy 
can be seen       
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may obstruct the canal entrances. Care must 
be taken to avoid perforation with excessive 
tooth structure removal, and use of burs is not 
recommended.      

4.5     Calcifi ed Canal Negotiation 

 Once the canal orifi ce has been located, a 21 or 
25 mm #08 K fi le should be selected for all calci-
fi ed canals for negotiation to the apical foramen. 
In normal patent canals, the use of a #10 K fi le 
will be adequate. A rubber stop should be present 
on the shaft of the instrument with one direc-
tional point to indicate the direction of the curva-
ture. The instrument should be advanced slowly 
using copious irrigation (sodium hypochlorite 
solution) to enhance debris removal and canal 
and fi le lubrication and ensure that debris is 
always fl ushed coronally rather than risk com-
paction apically resulting in further blockage. 
Files can be advanced in a careful watch-winding 
motion (see Chapter   3    ) until resistance is met. 
The instrument should always be withdrawn and 
fl utes cleaned and inspected for signs of any 
unwanted unwinding requiring the fi le to be 

 discarded. Once a fi ne instrument (#08 or 10) has 
reached the approximate working length, it 
should be verifi ed using an apex locator and 
working length radiograph (initial apical fi le 
(IAF)) before withdrawing. Patency fi ling using a 
#06 fi le will be useful to ensure no apical block-
age occurs (see Chapter   3    ).

    1.    Instruments should be pre-curved to simulate 
canal curvature in the apical 3–4 mm.   

   2.    Manual or rotary glide path preparation should 
be carried out once working length is confi rmed. 
At this stage, insertion of a #20 fi le to working 
length will alert you to how easy or diffi cult 
canal preparation will be. Removal of the fi le 
and inspection of curvatures will also reveal 
where the canal curvature begins, the length of 
canal curvature present and angle of curvature. 
Inspection of the fi le will also reveal the pres-
ence of any “hidden curvatures” not detected 
radiographically (i.e. in a bucco- lingual plane).   

   3.    Use of rotary instruments in cases of confl uent 
canals, moderate-severe curvatures, S-shaped 
curvatures, double curvatures and long teeth 
should be excised with care to avoid canal 
transportation or fi le separation.    

a b

  Fig. 4.6    Clinical demonstrating ( a ) pre-operative long-
cone parallel radiograph demonstrating peri-radicular 
infection associated with distal bridge abutment tooth 47. 
Note inter-radicular lucency ( black arrow ). ( b ) Post oper-
ative view demonstrating fi nal obturation following two 
visit non surgical endodontic therapy. Access preparation 

was completed through the bridge abutment. Orientation 
for access was made using the long axis of the tooth ( dot-
ted lines ). Note lateral canal obturated in distal root result-
ing in sealer extrusion ( red arrow ). Distal apical curvature 
maintained to ensure patency and obturation to length       
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4.6       Pulp Canal Obliteration 

 Pulp canal obliteration or calcifi c metamorphosis 
is defi ned as “a pulpal response to trauma that is 
characterized by rapid deposition of hard tissue 
within the canal space; the entire space may appear 
obliterated radiographically due to extensive 
deposition, even though some portion of the pulp 
space may remain in histological sections”. This 
calcifi cation process commonly occurs as a conse-
quence of dental and occlusal trauma or orthodon-
tic treatment. Often these types of teeth may not 
respond to vitality testing or exhibit delayed or 
diminished responses. Radiographically the diag-
nosis of partial or complete pulp obliteration 
does not indicate the need for root canal therapy. 
Clinical and radiographic signs and symptoms 
indicative of apical periodontitis or pulpal necro-
sis are the only indications for treatment. Root 
canal treatment of these cases can be fraught with 
diffi culty if not impossible in some instances. 
Calcifi cations can partially or completely block 

and obscure access into the root canal system 
resulting in technical challenges with risk of iat-
rogenic perforation if care is not taken (see 
Figs.  4.7  and  4.8 ).

      1.    An accurate preoperative radiograph is essen-
tial to identify the pulp space, expected depth 
of patent pulp space if present and long axis 
orientation of the tooth in question.   

   2.    Initial access preparation should be created 
with high-speed tapered diamond burs and 
 outline placed more cervically in case of calci-
fi ed anterior teeth (just behind the incisal edge). 
Orientation of bur penetration should be in 
relation to the long axis of the tooth to ensure 
correct alignment. Initial penetration should be 
at a level just below the cement- enamel junc-
tion. At this point, the cavity should be 
inspected using a clean mirror with good light-
ing and preferably magnifi cation.   

   3.    Use of a DG-16 probe can be used to assess 
whether any entry points or sticky spots exist 

a b c d
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  Fig. 4.7    Clinical radiographs demonstrating complete 
pulp canal obliteration in tooth 11. This patient had sus-
tained trauma as a child. Note ( a ) and ( b ) preoperative 
long-cone parallel radiograph demonstrating no visible 
canal. ( c ) Following access preparation and ultrasonic 
troughing, ‘a sticky point’ was located using a small 10 K 

fi le. ( d ) Size 08 and 010 K fi les were slowly introduced 
further apically using a watch-winding motion and irriga-
tion until apical patency was achieved. ( e ) Master apical 
fi le radiograph, ( f ) mid-fi ll radiograph, ( g ) backfi ll com-
pleted with System B and Obtura and ( h ) fi nal obturation       
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in cases of pinprick canal orifi ces. If no stick-
ing is evident, then use of ultrasonic instru-
mentation or long-necked slow-speed burs is 
advisable. Care must be taken with orienta-
tion of either ultrasonic tips or burs to ensure 
that correct orientation is maintained. 
Radiographs should be periodically taken to 
confi rm progress and whether realignment is 
necessary.   

   4.    Having established a sticking point, fi les can 
now be used to attempt canal negotiation. 
Lubricants such as ethylenediaminetetraacetic 

acid (EDTA) can be useful to ease glide path 
entry. Use of C+ fi les (06, 08 and 10) is par-
ticularly benefi cial due to increased rigidity. 
Small K fi les (sizes 08 and 10) can be used 
with the tip removed to create an  end- cutting 
active fi le. Care must be taken since overzeal-
ous preparation attempts can result in canal 
transportation and possible perforation.   

   5.    Files should be advanced slowly in a watch- 
winding motion until resistance is met. At 
this point, the instrument should be with-
drawn. The canal should be  re-irrigated 

a b c
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  Fig. 4.8    Clinical photographs demonstrating cavity 
preparation pulp canal obliterated root canal of tooth 11 
(as seen radiographically in Fig.  4.7 ). Note ( a ) and ( b ) 
preoperative views of labial and palatal surface, ( c ) initial 
bur penetration, ( d ) following bur penetration to the level 
of cemento-enamel junction as determined by parallel 
preoperative radiograph, ( e ) calcifi ed canal system noted 

which was troughed using ultrasonics and ( f ) 10 K fi le 
used to locate ‘sticking point’ within calcifi cations. A 
check radiograph is taken at this point to verify position of 
fi le within canal, ( g ) copious irrigation with sodium hypo-
chlorite and EDTA is used throughout, ( h ) patency 
achieved and ( i ) preparation and taper of canal increased 
to master apical size #30 with a 6 % taper       
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with sodium hypochlorite solution before 
attempting re-entry and further fi le 
advancement.   

   6.    Files should be advanced slowly, and the clini-
cian should feel whether a sticking sensation 
or tight resistance is met indicating the fi le is 
within the canal. Periodic radiographs should 
be taken to confi rm correct canal advance-
ment as opposed to an iatrogenic path that will 
lead to perforation. Heavy-handed approach 
to canal preparation will always be met with 
the incidence of either fi le separation or canal 
transportation.   

   7.    Once apical patency has been achieved and 
working length established, canal shaping and 
cleaning can be modifi ed with the use of larger 
tapered instruments.    

4.7       Confl uent Canals 

 Merging canal (confl uence) requires early rec-
ognition during the cleaning and fi nal shaping 
procedures to avoid unnecessary over-prepara-
tion in the apical portion, which can lead to 
canal transportation, stripping, root perforation 
or instrument fracture. One of the two canals 
will often reach the apex in a straighter path 
(main canal). The second canal (merging canal) 
will meet the fi rst one at a severe angle (Fig.  4.9 ).

     1.    Using small hand fi les and tactile sense, the 
main canal should be identifi ed and instru-
mented to working length.   

   2.    The second merging canal should be instru-
mented to the point of merging only.   

  Fig. 4.9    Clinical radiographs demonstrating confl uent canal systems in multi-rooted teeth       
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   3.    The main canal and merging canals should be 
checked for patency and recapitulated using 
small hand fi les.   

   4.    Preparation of the main canal and merging 
canal to working length may lead to either fi le 
separation (at point of merging due to abrupt 
canal curvature) or canal transportation.    

4.8       Clinical Guidelines 
for the Use of ProTaper 
NEXT Rotary Instruments 

 The ProTaper NEXT system (Dentsply, 
Maillefer) comprises of fi ve instruments 
of multiple progressive tapers (increasing 
and decreasing) manufactured from M-wire 
that contributes towards greater fl exibility, 
increased cutting effi ciency and reduced con-
tact between the dentinal wall and cutting 
fl utes of the instrument, thereby reducing the 
possibility of taper lock and instrument frac-
ture. The fi rst instrument in the system is the 
ProTaper NEXT X1, with a tip size of 0.17 mm 
and a 4 % taper. This instrument is followed 
by the ProTaper NEXT  X 2 (0.25 mm tip and 
6 % taper). The  X 2 can be regarded as the fi rst 
fi nishing fi le in the system, and most canals 
could be prepared by using only these fi rst 
two instruments. A further 3 fi nishing fi les X3 
(0.3 mm tip and 7 % taper), X4 (0.4 mm tip and 
6 % taper) and X5 (0.5 mm tip and 6 % taper) 
are available to increase both apical prepara-
tion size and overall canal taper. 

 The instruments have a bilateral symmetrical 
rectangular cross-sectional offset from the cen-
tral axis of rotation. The exception is the X1 fi le 
which has a square cross section in the last 5 mm 
segment of the instrument to give it additional 
core strength apically. This design feature results 
in a rotational phenomenon known as “swagger” 
which further minimised contact between instru-
ment fl utes and dentinal wall during preparation. 
In addition to less stress on the fi le, the removal 
of debris occurs in a coronal direction due to the 
off-centre cross section resulting in improved 
cutting effi ciency. 

 Clinical guidelines for the use of ProTaper 
NEXT instruments are as follows:

    1.    Create straight-line access and remove all cor-
onal interferences. All triangles of dentine 
overlying canals should be removed using 
non-end cutting burs and ultrasonics to ensure 
no coronal interference is present.   

   2.    Negotiate the canal to patency. Use either 08 
or 10 K fi les until apical patency is confi rmed. 
Confi rm initial working length using apex 
locator and radiographs.   

   3.    Create a reproducible glide path using either 
manual stainless instruments or rotary 
instruments. A reproducible glide path is 
confi rmed when a minimum size 10 K fi le can 
be taken to working length, withdrawn a few 
mm and then lightly pushed back to working 
length using fi nger pressure. When a size 
10 K fi le can be lightly pushed 4 mm from the 
working length with ease, then a reproducible 
glide path has been established.   

   4.    ProTaper NEXT preparation sequence can 
begin. Copious use of sodium hypochlorite 
should be used throughout the procedure to 
ensure that organic and inorganic debris can be 
fl ushed from within the canals preventing api-
cal blockage. Use of patency fi ling and reca-
pitulation are essential in between fi les. The 
X1 is introduced into the canal (operating at 
300 rpm and torque setting of 2.8Ncm). The 
fi le should be used in a touch and brush 
sequence whereby the fi le is allowed to pas-
sively move apically a few mm then withdrawn 
with an outward brushing action away from 
the danger zones (furcal areas and external 
root concavities). On removal of the fi le, the 
fl utes should be inspected and debris removed 
before reinsertion and preparation to working 
length. The fi le may need to be inserted and 
removed 3–4 times before reaching working 
length. At this stage reconfi rm patency, reca-
pitulate to working length and irrigate.   

   5.    The  X 2 instrument can be taken to full work-
ing length using the same protocol described 
in step 4. Care should be taken to ensure mini-
mal contact at working length to minimise 
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canal transportation risk. This fi le can also be 
used in a brushing action on the outward 
stroke, but care should be taken to prevent 
over- preparation and possible stripping in thin 
roots. Reconfi rm patency, recapitulate to 
working length and irrigate (Fig.  4.10 ).

       6.    Apical gauging can be carried out using a 
25.02 stainless steel hand fi le to check if the 
canal is adequately prepared. A light pressure 
should be placed on the fi le at working length 
to check whether the fi le moves in an apical 
direction indicating the apical foramen is 
larger than the size of preparation. If the fi le is 
snug at working length, then a master apical 
fi le (MAF) working length radiograph can be 
taken prior to intra-canal medicament place-
ment and temporary seal (assuming multi-visit 
endodontics is being performed). If the fi le is 
not snug at the apex, then proceed to step 7.   

   7.    Further apical gauging will be required to 
assess probable apical foramen size. Use of 
30.02 and larger stainless steel instruments 

should be used to verify apical foramen size. 
Depending on fi le that is snug at length, pro-
ceed with either X3 (0.30 mm tip), X4 
(0.40 mm tip) or X5 fi les (0.50 mm tip).   

   8.    Care must be taken in canals with calcifi ed 
canals, S-shaped curvatures, moderate-severe 
apical curvatures and long teeth which may 
require referral to a more experienced operator.      

4.9     Clinical Guidelines 
for the Use of WaveOne 
Reciprocating Instruments 

 The WaveOne nickel-titanium fi le system 
(Dentsply, Maillefer) was fi rst introduced into the 
dental market in 2010. It is a pre-sterilised single- 
use system that can create a continuously tapered 
preparation using a reciprocating fi le motion. The 
fi les work in a reverse “balanced force” cutting 
motion using a preprogrammed motor (X-Smart 
plus motor fi tted with a 6:1 reducing handpiece) 

a b c

  Fig. 4.10    Clinical radiographs of a mandibular molar 
demonstrating use of ProTaper Next fi les. Note ( a ) X1 tip 
size ProTaper Next X1, with a tip size of 0.17 mm and a 
4 % taper. This instrument can be used to brush the canal 
walls on the outward stroke away from the danger zones 
( black   arrowhead ) and is followed by ( b ) The ProTaper 

Next  X 2 (0.25 mm tip and 6 % taper). The  X 2 can be 
regarded as the fi rst fi nishing fi le in the system, and most 
canals can be prepared by using these fi rst two instru-
ments. ( c ) X3 (0.30 mm tip and 7 % taper) fi nishing fi le 
can be selected if the apical preparation size is deemed to 
be ISO size 30 at the apex       

 

B. Patel



87

that is capable of moving the fi le in a back and 
forth reciprocating motion. The counterclock-
wise movement (CCW) of 150° allows the fi le to 
advance apically and engage and cut the dentinal 
wall. This is followed by a clockwise movement 
(CW) of 30° ensuring the instrument disengages 
preventing excessive torsional stress and the pos-
sibility of taper lock and instrument fracture. 
Three continuous reciprocating cycles will com-
plete one complete reverse rotation allowing the 
instrument to advance apically. 

 Using a special thermal manufacturing pro-
cess, the fi les are also made of M-wire, which has 
greater fl exibility and resistance to cyclic fatigue. 
Three fi les are available in 21, 25 and 31 mm 
lengths. WaveOne Small fi le has an ISO tip size 
of 0.21 mm with a continuous fi xed taper of 6 %. 
WaveOne Primary fi le has an ISO tip size of 
0.25 mm with an 8 % decreasing taper from tip to 
shaft. WaveOne Large fi le has an ISO tip size of 
0.40 mm with a continuously 8 % decreasing 
taper from tip to shaft. 

 Clinical guidelines for the use of WaveOne 
instruments are as follows:

    1.    Create straight-line access. Adequate access 
cavity preparation is essential in removing 
internal dentine triangles and interferences 
which can remove restrictive dentine.   

   2.    Negotiate the canal to patency. Use either 08 
or 10 K fi les until apical patency is confi rmed. 
Confi rm initial working length using apex 
locator and radiographs.   

   3.    Create reproducible glide path using either 
manual stainless instruments or rotary 
instruments (as described earlier).   

   4.    In most cases, a single fi le can be selected to 
instrument the canal. The majority of root 
canals (average length, mild-moderate 
curvatures apically or mid-root level) can be 
prepared using the WaveOne Primary fi le 
(25/08 red ring). If the Primary fi le fails to 
reach working length easily, then it may be 
necessary to prepare the canal fi rst using a 
21/06 yellow ring WaveOne Small fi le. If the 
Primary fi le reaches working length with min-
imal effort, it may be necessary to complete 
preparation using the WaveOne Large fi le 
(40/08 black ring) (Fig.  4.11 ).

a b c d

  Fig. 4.11    Clinical radiographs of a mandibular molar 
demonstrating use of WaveOne fi le system. Note ( a ) ini-
tial negotiation of canal using a size 010K fi le to working 
length ( b ) patency fi ling using a 06K fi le 1 mm beyond 
apical foramen throughout the preparation sequence to 
prevent apical blockage ( c ) WaveOne Small fi le to length 
(ISO tip size 0.21 mm with a continuous taper of 6 % and 

( d ) master apical fi le size to confi rm preparation. In this 
instance a WaveOne Primary fi le would have been used 
to length. The MAF fi le is then placed in the canal and 
gentle pressure is applied to see whether the fi le is snug 
at the apex or moves apically indicating further apical 
 preparation is required (apical gauging)       
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       5.    Preparation is carried out with a progressive 
inward (light apical directed force) and out-
ward circumferential brushing motion with 
the WaveOne instrument of choice in 
3 mm cycles of apical advancement. Copious 
irrigation should be used throughout with 
checking that patency is maintained to prevent 
apical blockage. After each cutting cycle, 
whereby the fi le has advanced a few mm, the 
fl utes should be inspected and cleaned. Failure 
to do so will result in a reduced cutting effi -
ciency of the fi le and increased risk of fi le 
separation. Irrigation, check patency and reca-
pitulate. The fi le should be advanced until 
working length has been reached.   

   6.    Apical gauging should be carried out to ascer-
tain whether preparation is complete or fur-
ther apical refi nement is necessary.      

4.10     Curvatures 

 The majority of teeth exhibit various curvatures 
in multiple portions of the root canal system. 
Canal preparation in curved roots presents a tech-
nical challenge due to the increased risk of canal 
transportation related to the restoring force asso-
ciated with an instrument that is used to prepare a 
curved canal. This can manifest itself in an 
increased amount of dentine removal at both the 
outer aspect of the apical curvature and inner 
aspect of the coronal curvature. The other major 
issue when treated curved roots is the risk of 
instrument fracture inside the root canal during 
the preparation sequence. In clinical practice, 
instrument fracture occurs as a result of either 
torsional fracture or fl exural fatigue. Torsional 
fracture occurs when part of the instrument binds 
to the dentine whilst the fi le continues to rotate. 
Flexural fatigue, on the other hand, occurs when 
the instrument freely rotates around a curvature 
generating tension and compression cycles in the 
region of maximum fl exure until inadvertent fi le 
fracture occurs. 

 It has been shown that there is a complex 
interrelationship between the degree of canal 
curvature and radius of curvature and length of 
curvature that can contribute to instrument 

fracture and canal transportation. Conclusions 
that can be drawn are that the greater the angle of 
curvature, the smaller the radius of curvature and 
the increased length of curvature all results in 
increased stresses placed on endodontic 
instruments used for preparation. Clinical 
methods to assess canal curvatures are limited to 
single curvatures measured on a two-dimensional 
radiograph in the mesiodistal plane. If multiple 
curvatures are present or the curvature is in the 
bucco-lingual plane, then an accurate assessment 
cannot be made. 

 Stainless steel instruments can be used to man-
ually prepare curved root canals, but a balanced 
force technique would need to be used to mini-
mise canal transportation. Larger-sized fi les are 
inherently stiffer and more rigid resulting in a 
reduced ability to follow the canal curvature 
(greater than ISO .20 mm). Pre-curving of stain-
less steel fi les is mandatory although in severely 
curved canals, risks of canal transportation and 
strip perforations are still very high. 

 A vast number of nickel-titanium rotary instru-
mentation techniques are available for prepara-
tion of root canals with increased effi ciency and 
speed and reduced risks of canal transportation if 
used correctly. Canal curvature assessment, cor-
rect access preparation, coronal orifi ce enlarge-
ment using a crown-down approach, reproducible 
glide path preparation, adherence to manufac-
turer recommended  rotational speed and torque 
settings, use of  irrigation, correct manipulation of 
instruments and operator profi ciency through 
hands-on training and treatment carried out on 
extracted teeth before proceeding to clinical prac-
tice should all aim to ensure safe use with mini-
mal iatrogenic errors. 

  Mild Canal Curvatures (<5°)  

  Case 1     A 48-year-old male patient was referred 
to the clinic with history of localised pain in tooth 
16. Clinically tooth 16 was tender to percussion. 
Preoperative radiograph revealed an extensive 
coronal restoration overlying the pulp space. 
A peri-radicular radiolucency was noted with the 
palatal root (Fig.  4.12 ). A diagnosis of acute 
exacerbation of chronic apical periodontitis was 
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made. After administration of local anaesthesia, 
rubber dam was placed. Initial access was made 
using a tapered diamond bur and access refi ne-
ment carried out with the Endo Z bur (Dentsply 
Maillefer, Ballaigues, Switzerland). Ultrasonic 
troughing was carried out revealing an additional 
MB2 canal. Initial negotiation and scouting of all 
the canals was with a .010 stainless steel hand 
fi le. Working lengths were verifi ed using the 
Root ZX apex locator (J. Morita Inc., Kyoto, 
Japan). Glide path creation was carried out using 
Pathfi les sizes 1–3. A crown-down instrumenta-

tion technique using ProTaper Universal fi les was 
carried out using S1, S2, F1 and F2 fi les to work-
ing length using copious irrigation (sodium 
hypochlorite solution), recapitulation and patency 
fi ling. Master apical fi le sizes were confi rmed 
radiographically (Fig.  4.12 ). An intra-canal 
dressing of calcium hydroxide was placed for 4 
weeks. At the obturation appointment, the canals 
were irrigated with sodium hypochlorite solu-
tion,  followed by saline and a fi nal rinse of EDTA 
solution. The canals were dried, and a warm ver-
tical compaction technique (System B and 

a b

c d

  Fig. 4.12    Clinical radiographs demonstrating  non-surgical 
root canal treatment of tooth 16 with mild canal curva-
tures (Case 1). Note ( a ) preoperative radiograph, ( b ) MAF 

 radiograph, ( c ) mid-fi ll radiograph and ( d ) fi nal obturation. 
Mild curvatures were noted in all 4 canals       
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Obtura) was used to obturate the canals using AH 
Plus cement (Fig.  4.12 ). The tooth was re-tempo-
rised with a double seal and the patient referred 
back to the general dental practitioner for further 
restorative work.

     Case 2     A 34 year-old fi t and healthy patient was 
referred for endodontic management of tooth 36. 
The general dental practitioner had carried out 
endodontic extirpation. Radiographic examina-
tion confi rmed prior endodontic access. Mild 
 curvatures were noted in the mesial root with peri-
radicular radiolucencies noted (see Fig.  4.13 ). 
Access cavity was refi ned, working lengths 
were established and confl uence of the mesial 
canals was noted. Apical patency was maintained 
throughout, and MB and ML canals had separate 
apical foramina. Chemo-mechanical preparation 
was completed using 1 % sodium hypochlorite 
solution and the WaveOne rotary system. All 
canals were prepared using the primary fi le (apical 
preparation size 0.25 mm). Following a 2-week 
dressing of calcium hydroxide, the patient was 
seen for obturation of the canals (see Fig.  4.13 ).

     Moderate Canal Curvatures (10–20°)  

  Case 1     A fi t and healthy patient underwent non-
surgical root canal therapy of tooth 16. Initial 

scouting of the mesio-buccal root revealed mul-
tiple curvatures. Manual hand fi les were carefully 
introduced to working length to facilitate an 
unobstructed glide path with minimal transporta-
tion along the S-shaped curvature. Canal block-
age was prevented by repeated recapitulation, 
and use of copious irrigation ensuring patency 
was maintained with a small #06 K fi le. Rotary 
preparation was completed using the ProTaper 
Universal system. The mesio- buccal root was 
prepared using the F1 fi nishing fi le only, whereas 
the DB and P canals were shaped using the F2 
and F4, respectively (see Fig.  4.14 ).

     Case 2     A 54-year-old well-controlled asthmatic 
was seen for non-surgical root canal therapy of 
tooth 16. A draining sinus was noted adjacent to 
the tooth in the alveolar mucosa. A preoperative 
gutta-percha sinus tracing confi rmed peri- 
radicular infection associated with the complex 
root canal anatomy. The coronal pulp chamber 
appeared diminished in size with calcifi cation of 
respective canals. Following careful access prep-
aration and ultrasonic troughing, 4 canals were 
noted. Patency was maintained through chemo-
mechanical preparation stages. The case was 
completed using ProTaper Universal fi les with 
copious irrigation and recapitulation. The acute 
apical curvatures were maintained with stainless 

a b c

  Fig. 4.13    Clinical radiographs of a mandibular left fi rst 
molar demonstrating the use of WaveOne fi le system. 
Note ( a ) preoperative radiograph demonstrating mild cur-
vatures in both mesial and distal root. ( b ) Working length 
radiograph following completion of preparation confi rm-

ing mesial confl uence. ( c ) Obturation of canals with a 
warm vertical compaction technique. AH Plus cement 
using System B and Obtura. Complex apical anatomy 
sealed due to maintenance of patency fi ling throughout       
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steel #10 K fi les. An intra-canal dressing of cal-
cium hydroxide was placed and the patient 
reviewed 4 weeks later. The draining sinus had 
resolved and the patient remained asymptomatic. 
A further appointment was scheduled for obtura-
tion of the case (see Figs.  4.15  and  4.16 ).

      Severe Canal Curvatures (25–70°)  

  Case 1     An anxious patient was referred for non- 
surgical endodontic treatment of tooth 26. 
Medically the patient was fi t and healthy, and a 
decision was made to treat the patient using oral 
sedation (diazepam). Working length preparation 
confi rmed multiple curvatures and an acute coronal 
curvature in the MB root which required particular 
attention to avoid instrument fracture. Canals were 
prepared using patency fi ling, recapitulation and 
the use of the ProTaper NEXT fi le system. The MB 
and DB roots were fi nished using the  X 2 fi le. The 
Palatal canal was prepared to the X3. The case was 
completed 4 weeks later following an intra-canal 
dressing of calcium hydroxide. An interim 

 orthodontic band was placed following completion 
of treatment since the patient had been aware of 
pain on release prior to endodontic treatment com-
mencement. S-shaped curve preparation of the DB 
root canal was facilitated by unobstructive glide 
path creation and brushing of the X1 fi le to relocate 
the DB coronal curvature. Care must always be 
taken to ensure brushing of the fi le is carried out on 
withdrawal away from the danger zone where risk 
of strip perforation is high (Fig.  4.17 ).

     Case 2     A fi t and healthy 56-year-old female 
patient was referred for irreversible pulpitis asso-
ciated with tooth 26. Preoperative radiograph 
indicated a severe acute apical curvature associ-
ated with the mesio-buccal root. The true extent 
of this curvature was not revealed until initial 
scouting with a 10 K fi le. Manual glide path was 
created with stainless steel hand fi les up to size 
#20. A decision was made to prepare the MB root 
to a size #20 due to risk of iatrogenic perforation. 
Canal shaping was completed using ProTaper 
Universal fi les following working length deter-

a b

  Fig. 4.14    Clinical radiographs of a maxillary left fi rst 
molar demonstrating use of ProTaper Universal fi le sys-
tem. Note ( a ) working length radiograph following com-
pletion of preparation confi rming multiple curvatures in 
the mesiobuccal canal. This S-shaped curvature was eas-
ily prepared due to large radius of curvatures. A 25 K fi le 

could be easily placed to working length. Care was taken 
during the preparation procedure with manual glide path 
creation to a size #25. Note some straightening of the 
canal has taken place due to multiple curvatures, ( b ) obtu-
ration of canals with a warm vertical compaction tech-
nique and AH Plus cement using System B and Obtura       
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mination. Copious irrigation was used through-
out with 1 % sodium hypochlorite solution and 
alternate 17 % EDTA solution and saline fl ushes 
between irrigants. Recapitulation was maintained 
throughout to ensure apical blockage did not 
occur. An intra-canal dressing of calcium hydrox-
ide was placed for a 4-week period prior to obtu-
ration of the case. The case was completed using 
a warm vertical compaction technique (System B 
and Obtura). The patient was referred to her gen-
eral dental practitioner for cast restoration place-
ment. The patient was reviewed at 6 years 
confi rming no associated pathosis (see Figs.  4.18  
and  4.19 ).

4.11          S-Shaped Canals 

 Double curvatures or S-shaped canals describe 
the clinical scenario where two or more curves 
are present in the same root canal. This type of 
geometry can be very challenging with high risk 
of  anatomical deviation (canal transportation) 
and loss of working length. Apical curve prepara-
tion requires careful management with increased 
risk of fi le separation if careful clinical judge-
ment is not applied during the cleaning and shap-
ing procedure. These double curves are usually 
identifi ed radiographically if they are present in 
the mesiodistal plane. On occasion the double 

a b c

d ee

  Fig. 4.15    Clinical radiographs and photographs demon-
strating non-surgical root canal treatment of tooth 16. 
Note ( a ) preoperative radiograph demonstrating moderate 
curvatures and possible fused root anatomy with MB and 
DB apices. The root canals appeared calcifi ed. A peri-
radicular lesion was noted. ( b ) Gutta-percha placed in 
sinus tract adjacent to tooth 16, ( c ) gutta-percha sinus 
tracing radiograph confi rming diagnosis of chronic apical 

periodontitis with suppuration and ( d ) initial working 
length radiograph confi rming apical curvatures. Ultrasonic 
troughing revealed an additional MB2 canal. ( e ) MAF 
radiograph. Note preparation size to #25 and apical 
patency maintained to ensure access to peri-radicular 
infection. An intra-canal dressing of calcium hydroxide 
was for 4 weeks       
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curve may be present in the bucco-lingual plane 
and identifi ed during initial preparation when the 
initial apical fi le is removed. Failure to ascertain 
a three- dimensional image of this curve may lead 
to iatrogenic preparation errors including strip-
ping of the canal along the inner surface of each 
curve (Fig.  4.20 ).

     1.    During initial canal negotiation, scouting of the 
S-shaped curvature should be carried out with 
small .06, .08 and .10 K stainless steel fi les.   

   2.    Working length should be verifi ed using elec-
tronic apex locator and radiographs.   

   3.    Unobstructed glide path should be created 
using either manual or rotary fi les.   

a b

  Fig. 4.16    Clinical radiographs showing ( a ) post- 
operative obturation and ( b ) 6-month review following 
placement of a cast cuspal coverage restoration. A warm 
vertical compaction technique and warm lateral compac-

tion technique was used with AH cement. Note the sealer 
extrusion associated with the complex MB/DB root api-
ces. At the 12-month review, appointment sealer is still 
present but the patient remains asymptomatic       

a b c

  Fig. 4.17    Clinical radiographs demonstrating non- 
surgical root canal treatment of tooth 16. Note ( a ) preop-
erative radiograph demonstrating an extensive amalgam 
restoration overlying a calcifi ed pulp chamber. Note the 
acute coronal curvature in the mesiobuccal root. ( b ) 
Working length radiograph demonstrating acute coronal 

curvature in MB root and multiple curvatures in the DB 
root. ( c ) Final post-operative radiograph demonstrating 
cleaning and shaping procedures completed using 
ProTaper Next fi le system. A warm lateral compaction 
technique was used for obturation using AH Plus cement. 
Note lateral canal fi lled in palatal canal       
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a b

  Fig. 4.18    Clinical radiograph demonstrating non- 
surgical root canal treatment of tooth 26. Note ( a ) preop-
erative radiograph demonstrating an extensive 
tooth-coloured restoration overlying a calcifi ed pulp 
chamber. The mesiobuccal root apex cannot be clearly 

seen due to superimposition of surrounding anatomy. ( b ) 
Working length radiograph demonstrating the severe cur-
vature in the MB root. Straight-line access was carried out 
and manual glide path created using stainless steel hand 
fi les       

a b

  Fig. 4.19    Clinical radiographs demonstrating ( a ) fi nal 
obturation (note straight-line access cavity preparation 
which helped minimize apical transportation in the MB 
root) and ( b ) 6-year recall demonstrating no apical patho-

sis. The patient had remained completely asymptomatic. 
A cast restoration had been placed with excellent margins 
to ensure there is no risk of coronal leakage in the future       

   4.    Canal enlargement can then proceed with cau-
tion using either a single rotary fi le system or 
hybrid technique (depending on suspected 
angle and radius of curvature).   

   5.    Occasionally a hybrid technique may need to 
be employed with the use of engine-driven 
instruments to the fi rst curvature and then hand 
fi le preparation in the second apical curvature.   
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   6.    Blockage of the canal should be prevented by 
using copious irrigation (sodium hypochlo-
rite), patency fi ling and recapitulation.    

4.12       Extra-long Roots 

 Endodontic management of teeth with extra-long 
roots (greater than 25 mm) is no different to cor-
responding teeth of up to 21–25 mm in length. 
The critical difference is the inherent problems 
that can occur when establishing working length, 
performing instrumentation and completing 

obturation. From a mechanical preparation stand-
point, longer instrument fi les sizes are available 
in 31 mm for both stainless steel and nickel-tita-
nium rotary instruments. Radiographic assess-
ments can be fraught with diffi culty due to either 
superimposition of anatomical structures or dif-
fi culties in visualising the entire tooth during the 
treatment phase. Use of electronic apex locator 
devices is essential in collaborating radiographic 
fi ndings when establishing working length deter-
mination. Canal preparation sequences do not 
differ although greater care may be required 
when managing curved canals and in particular 

a b

c d

  Fig. 4.20    Clinical radiographs demonstrating non-surgi-
cal root canal treatment of tooth 47. Note ( a ) pre-operative 
radiograph demonstrating S-shaped curvature associated 
with mesial root. Note also apical root anatomy is thin. ( b ) 
Working length determination confi rming confl uence of 
mesial canals with acute S shaped curvatures in MB and 
ML canals. Canal preparation was completed using 4 % 
Vortex Blue fi les (mesial preparation completed to ISO 

#20). Rotary glide path was created using Pathfi les. ML 
was prepared to point at which MB and ML canals co-join. 
Recapitulation and patency fi ling was invaluable to ensure 
optimal preparation was carried out. ( c – d ) Obturation of 
case completed using warm vertical compaction technique 
using AH Plus cement, System B and Obtura. Note access 
mesially refi ned to ensure straight-line access to prevent 
iatrogenic canal transportations       
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reference to length of canal curvatures which can 
result in a greater propensity for fi le fracture. 
According to the American Association of 
Endodontist case criteria assessment, these teeth 
should be referred (see Fig.  4.21 ).

4.13        Hybrid Techniques 

 The more severe the curvature, the smaller 
the taper of the apical preparation should be 
and the more the clinician will need to reas-
sess whether the existing fi le system and more 

 specifi cally taper and apical fi le size will be ade-
quate to accomplish treatment goals. On occasion 
a hybrid concept can be applied whereby the com-
bination of instruments of different fi le systems 
can be used to manage individual clinical situa-
tions, thereby reducing procedural errors and still 
achieving biological treatment objectives. Risks 
of canal of apical enlargement in cases of severe 
apical curvatures may preclude the use of larger 
instrument sizes, although a minimum apical size 
of .20 will be necessary to facilitate biomechani-
cal cleaning and shaping and fi nal obturation (see 
Figs.  4.22 ,  4.23 , and  4.24 ).

a

d

b

e

c

f

  Fig. 4.21    Clinical radiographs demonstrating non-surgi-
cal root canal treatment of a mandibular right fi rst molar 
with long roots. ( a ) preoperative radiograph demonstrat-
ing long roots. The case was referred due to diffi culties 
negotiating the mesial canals to length. ( b ) Working 
length radiograph confi rming 26.5 mm lengths mesially 
and 27 mm distally ( c ) presence of confl uence in the 

mesial canals ( red arrow ). ( d ) Obturation of completed 
case following chemo-mechanical preparation using 1 % 
sodium hypochlorite solution and Protaper Universal 
31 mm fi les. ( e ) coronal restoration replaced confi rming 
straight-line access ( dotted red line ) and ( f ) 6-month 
review showing cast cuspal coverage restoration in place       
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a b

  Fig. 4.22    Clinical radiographs demonstrating non- 
surgical root canal treatment of a maxillary left second 
molar ( a ) preoperative radiograph suggestive of some cur-
vature in the mesiobuccal root. ( b ) Working length radio-
graph confi rming multiple curvatures in the DB and MB 

root. The MB root has a double S-shaped curvature. This 
case is deemed to be extremely diffi cult not only due to 
existing root canal anatomy but also due to access diffi cul-
ties often associated with upper second or third molar 
teeth       

a b

  Fig. 4.23    Clinical radiographs demonstrating non- 
surgical root canal treatment of a maxillary left second 
molar ( a ) master apical fi le radiograph confi rming prepa-
ration. The shaping was completed using a hybrid tech-

nique with ProTaper Next fi les and Vortex Blue. Minimal 
canal transportation of the MB canal. ( b ) Completed obtu-
ration using a warm vertical compaction technique with 
System B, Obtura and AH Plus cement       
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a b

c d

  Fig. 4.24    Clinical radiographs demonstrating non-
surgical root canal treatment of tooth 36 using a Hybrid 
technique. Files used included stainless steel hand K 
fi les and rotary Protaper Next and Vortex Blue. Note ( a ) 

Initial  apical fi le, ( b ) Master apical fi le, ( c ) Mid-fi ll and 
( d ) post operative radiographs. Multiple canal curvatures 
were maintained with apical patency       
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      Clinical Hints and Tips for Managing Root 

Canal Anatomy 

•     Calcifi ed roots 
 Root canal calcifi cations, due to either  tertiary 
irregular dentine deposition or dystrophic 
calcifi cations, pose negotiation challenges 
and increased risk of instrument separation.  

•   Confl uent canals 
 Canal systems that merge from two canals 
to one pose a special set of clinical chal-
lenges. Often an abrupt curvature exists 
where one canal merges with another which 
requires early recognition and due diligence 
to ensure careful negotiation and glide path 
preparation to prevent fi le separation.  

•   Canal curvatures 
 Canal curvatures may not always be appre-
ciated radiographically as often the curva-
ture may exist in a buccal to lingual plane 
instead of a mesial to distal one. Occasionally 
a double curvature may be present in multi-
ple planes (S-shaped canals). Management 
of any curvature requires the use of gentle 
pressure and ensuring a reproducible glide 
path is attainable with small tapered fi les 
(0.02) before proceeding to canal enlarge-
ment with larger fi les.  

•   Instrument fracture 
 When an instrument is placed in a curved 
canal, it will undergo deformation and stress. 
Rotation of the instrument results in tension- 
compression of the instrument with greatest 
stress in the area of the curvature. Larger 
stiffer instruments will undergo greater stress 
compared to smaller instruments when con-
fi ned to the same curved canal shape. Cyclic 
fatigue of any instrument is determined by 
specifi c parameters of canal radius, canal 
angle and instrument diameter.         
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      Irrigation and Disinfection                     
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    Summary  

  The role of microorganisms within the root canal system in causing pulp 
and periapical pathosis has been investigated and well documented. 
Bacteria that persist in biofi lms show a wide range of characteristics that 
differ from planktonic cells including increased protection from host 
defence, increased antimicrobial resistance and the ability to survive and 
adapt despite ecological changes such as nutrient deprivation. Endodontic 
instruments alone have been shown to touch only 30–50 % of canal walls 
regardless of the instrument selected. When considering the complex ana-
tomical irregularities (such as fi ns, isthmuses and recesses) within the root 
canal system, the emphasis on chemical disinfection and correct irrigation 
protocols are of paramount importance.  

    Clinical Relevance    

 The different actions and interactions of the 
most commonly used root canal irrigants are 
discussed. The clinician should be aware of 
the standard irrigation protocols for the man-
agement of both primary de novo infections 
and secondary failed cases. Common end-
odontic irrigants, methods of delivery and 
inherent risks are discussed including man-

agement of inadvertent sodium hypochlorite 
accidents. The clinician is also introduced to 
novel methods of disinfection that have been 
introduced in an attempt to reduce potential 
interactions that diminish the proteolytic and 
antimicrobial activity of sodium hypochlorite 
solution.  

5.1     Overview of Endodontic 
Irrigation 

 Thorough irrigation of the root canal system is a 
critical step in the preparation and disinfection of 
the root canal system. Removal of vital and 
necrotic remnants of pulp tissue, microorganisms 
and microorganism toxins is achieved through 
chemomechanical debridement and is essential 
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for root canal success. While there is controversy 
over the antimicrobial effectiveness of intra-canal 
medication and its value in treatment, there is no 
such controversy when it comes to the impor-
tance of irrigation in reducing the microbial load 
within infected root canals [ 1 – 3 ]. 

 Instrumentation alone is unlikely to rid the 
root canal system of bacteria [ 4 ,  5 ]. It is impos-
sible to shape and clean the root canal system 
completely due to the intricate nature of the root 
canal anatomy. Even with the advent of modern 
nickel-titanium rotary systems currently avail-
able, we are only able to clean within the main 
body of the canal. Canal fi ns, isthmi and 
untouched avenues are often left untouched by 
our instrumentation techniques. However, based 
on current sampling techniques, antimicrobial 
irrigation should drastically reduce the microbial 
load over and above that achieved with instru-
mentation when applied to appropriately pre-
pared canals and delivered in an effective way. In 
vivo studies have consistently found that instru-
mentation and irrigation consistently render 
50–70 % of canals bacteria free when sampled 
with paper points [ 6 – 9 ]. 

 Over the decades, numerous in vitro studies 
have been carried out to assess various irrigants 
and their antimicrobial effects. The interpretation 
of these results must be taken with due caution 
since the majority of studies have been carried 
out on single species planktonic bacteria which 
do not refl ect the actual clinical environment in 
which we use these irrigants. In reality the mod-
ern understanding of root canal infections is one 
based on biofi lms that is far more complex than 
previously understood [ 10 ,  11 ]. Biofi lms are 
communities of bacteria that form on a surface 
and are embedded within protective extracellular 
matrix [ 12 ]. Biofi lms are signifi cant because 
studies have shown that when bacteria are embed-
ded within a biofi lm, they can be up to 1000 times 
more resistant to some antimicrobials compared 
to their planktonic state [ 13 ]. 

 The ideal endodontic irrigant does not exist. 
This is because the ideal irrigant must fulfi l a 
number of varying requirements, which in some 
instances are mutually exclusive. For example, 
tissue dissolution and irrigant safety are impor-
tant properties for irrigation solutions but because 

no solution is able to specifi cally dissolve pulpal 
tissue, it is never going to be perfectly safe if that 
solution is accidently extruded into the periapical 
tissues. The most important requirements of any 
irrigant include broad spectrum antimicrobial 
effectiveness, necrotic and vital tissue dissolution 
ability, smear layer prevention and removal, 
safety and economical for use [ 14 ]. 

 Antimicrobial effectiveness is obviously 
important when treating the infected root canal 
system. However, it is probably less crucial when 
treating vital root canals where tissue dissolution 
is of paramount importance. Nonetheless, both 
these properties are still required in both infected 
and vital cases because tissue dissolution proper-
ties are needed for breaking down necrotic tissue 
and also bacterial biofi lms. In addition, a degree 
of antimicrobial effectiveness is still needed in the 
treatment of vital pulps in case any residual bacte-
ria may have contaminated a pulp after caries 
excavation or removal of a leaking restoration. 

 Smear layer is a layer of debris that is burnished 
to the wall of root canal by the instrumentation 
process. Scanning electron microscopy has shown 
the smear layer to be on average 1–2 μm thick on 
the dentine walls but can penetrate up to 40 μm 
into dentine tubules [ 15 ]. It is comprised of organic 
and inorganic material such as dentine fi lings and 
remnants of pulpal tissue and bacteria [ 16 ,  17 ]. 

 There has been some controversy surrounding 
the removal of smear layer with one school of 
thought suggesting that the smear layer may 
actually prevent bacteria penetrating or escaping 
from dentinal tubules [ 18 ]. However, it is gener-
ally accepted that removal of the smear layer is 
desirable in order to remove potentially viable 
bacteria within the debris and remove necrotic 
tissue that may act a as nutrient source for resid-
ual bacteria left within the canal system or bacte-
ria that may leak into the canal system in the 
future [ 19 ]. The smear layer may also limit the 
penetration of antimicrobials and sealers into 
tubules possibly affecting their disinfection and 
the seal obtained with obturation [ 19 ,  20 ]. 

 Given there is no ideal irrigant that can meet all 
these requirements, it is more common in modern 
endodontics to apply an irrigation regime using 
two or more irrigating solutions. During the 
course of treatment, different solutions can be 
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applied to the root canal system depending on the 
desired effect at a given time. For example, during 
the course of instrumentation, a practitioner may 
want to apply an antimicrobial irrigant in order to 
reduce the microbial load within the canal, but 
once instrumentation is complete, it is often desir-
able to then remove the smear layer which has no 
doubt been created. Alternatively, some practitio-
ners may use a given irrigant to reduce the devel-
opment of smear layer during instrumentation and 
then follow-up with an antimicrobial solution 
once instrumentation is complete. 

 Using two or more irrigants gives the practi-
tioner the fl exibility to choose irrigants with the 
most effectiveness for a given property so long as 
that solution is safe and economical to use. 
However, in so doing it is crucial they have an 
understanding of the properties of each irrigant 
and the potential interactions between irrigants. 

 Sodium hypochlorite (NaOCl) is the most com-
monly used irrigant in endodontics. It is a broad 
spectrum antiseptic as well as a solvent of organic 
tissue. In addition to being cheap and safe, when 
used with care, it ticks a number of boxes with 
regards to the previously mentioned properties of 
an ideal irrigant. However, its primary limitation is 
that it is does not effectively dissolve inorganic tis-
sue and its ability to remove smear layer from the 
instrumented root canal walls has been found to be 
lacking [ 19 ]. It is produced industrially by passing 
chlorine through a solution of sodium hydroxide. 
In solution NaOCl dissociates into the anion  OCl-    
and cation  Na+

   and then forms an equilibrium 
with hypochlorous acid (HOCl) that is pH depen-
dent (Fig.  5.1 ). Pure sodium hypochlorite has a pH 
of around 12 at which  OCl-    predominates [ 21 ]. 
Both  OCl-    and HOCl are powerful oxidizing 
agents and are the active agents which exert the 
antimicrobial activity of sodium hypochlorite. 
Given it is typically used in its pure form, the high 
pH of sodium hypochlorite also provides addi-
tional tissue dissolving effects [ 22 ].

   Sodium hypochlorite is a strong base (pH 
>11). The hypochlorite anion OCl −  can exert its 
action through non-specifi c degradation of pro-
teins on cell wall, membranes and within cells. 
This causes the irreversible inhibition of normal 
cell metabolism that ultimately results in cell 
death and cell dissolution [ 22 ]. As this action is 
non-specifi c, sodium hypochlorite is an effective 
agent against bacteria, viruses and fungi but it is 
also active against normal healthy human tissue. 
This is advantageous when wanting to dissolve 
and remove pulp tissue but not when this irrigant 
is extruded beyond the confi nes of the canal 
affecting the periapical tissue. 

 Sodium hypochlorite is commonly used in 
concentrations between 0.5 and 6 %. Brystöm and 
Sundqvist studied the effect of irrigation concen-
tration in necrotic root canals. These investigators 
showed that using 0.5 % or 5 % NaOCl, with or 
without EDTA for irrigation, resulted in similar 
reductions in bacterial counts in the canals when 
compared to normal saline. Nevertheless, it was 
very diffi cult to render the canals completely free 
of bacteria, even after repeated sessions [ 6 ,  23 ]. In 
contrast Clegg and colleagues using an ex vivo 
biofi lm study, comparing the effectiveness of 3 % 
and 6 % NaOCl, showed the higher concentration 
was more effective [ 24 ]. 

 Higher concentrations of NaOCl have a better 
tissue-dissolving ability [ 25 ], although lower con-
centrations when used in high volumes with more 
frequent intervals to replenish the solution can be 
equally as effective [ 26 ]. The risks of toxicity 
increase as the concentration increases with any 
inadvertent extrusion beyond the confi nes of the 
root canal system risking serious irritation [ 27 ]. 
Furthermore, a 5.25 % solution signifi cantly 
decreases the elastic modulus and fl exural strength 
of human dentine compared to physiological 
saline, whilst a 0.5 % solution does not [ 28 ]. 

 An alternative approach to increasing the effec-
tiveness of NaOCl is to increase the temperature of 

NaOCl + H2O NaOH + HOCl Na+ + OH- + H+ +  OCl-

  Fig. 5.1    Mechanism of action of sodium hypochlorite (NaOCl)       
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low-concentration NaOCl solutions. The ability of 
1 % NaOCl at 45 °C to dissolve human dental pulps 
was found to be equal to that of 5.25 % solution at 
20 °C [ 29 ]. Even fast-acting biocides such as NaOCl 
require suffi cient working time to reach their poten-
tial and the optimal time it needs to remain in the 
canal system is an issue yet to be resolved [ 14 ]. In 
summary the concentration of NaOCl is not critical, 
and the use of 1 % NaOCl can be recommended on 
the basis of less risk of tissue toxicity provided fresh 
hypochlorite solution is used and replenished fre-
quently within the canal system. 

 As with any product used in the medical or 
dental fi eld, potential toxicity is always an impor-
tant consideration. Sodium hypochlorite is not 
genotoxic but has a non-specifi c cytotoxicity and 
can cause substantial injury if not used carefully 
[ 27 ,  30 ]. The same tissue-dissolving property that 
is desirable within the root canal will be equally 
applied if inadvertently extruded into the periapi-
cal tissues. And even though higher concentra-
tions are more cytotoxic, lower concentrations can 
still cause tissue irritation and damage [ 31 ,  32 ]. 

 Numerous case reports have been published in 
the literature of sodium hypochlorite accidents 
following its use as an endodontic irrigant. 
Symptoms include immediate severe pain, oedema 
of neighbouring soft tissue including possible 
extension to the lip and infra-orbital region, pro-
fuse bleeding within the canal, ecchymosis within 
the skin an mucosa of in the affected area, possible 
secondary infection and reversible or irreversible 
damage to vital structures. Inadvertent extrusion 
of sodium hypochlorite may be the result of open 
apical foramens due to incomplete root develop-
ment or apical resorption, iatrogenic or pathologic 
perforations, lack of control of the irrigation nee-
dle depth, needle binding in the canal and use of 
extreme pressure when irrigating [ 27 ]. 

 Extrusion of sodium hypochlorite can result in 
tissue necrosis to varying degrees depending on 
the volume and concentration of the irrigant 
extruded. It is considered to be a self-limiting pro-
cess but can be extremely traumatic for patients 
and practitioners alike. Current treatment proto-
cols for NaOCl accidents have been largely deter-
mined from numerous case reports. Early 
recognition is crucial and treatment is typically 
prescribed on a case-by-case basis including sim-

ple palliative care in the form of patient reassur-
ance, pain relief and local anti- infl ammatory 
measures. Antibiotics and steroids may be benefi -
cial as adjunctive therapy and referral for specialist 
oral surgical management may be needed in severe 
cases [ 27 ] (Fig.  5.11  and Case  5.1 ). 

 Shelf life, storage and handling are also impor-
tant factors that can affect NaOCl and its effi cacy. 
Higher concentrations have been shown to lose 
their effectiveness faster than lower concentration 
[ 29 ,  33 ]. Even so they still have a very acceptable 
shelf life with concentrations over 3 % still easily 
lasting at least in the range of 3–6 months [ 21 ]. In 
contrast, lower concentrations of 1 % or under can 
remain stable at room temperature for up to 23 
months [ 34 ]. This is provided they are stored are 
stored in appropriate conditions under 30 ° C and 
in their original high pH form. There is a school of 
thought that sodium hypochlorite buffered to a 
lower concentration has a superior antibacterial 
effectiveness, but this drastically reduces the shelf 
life of sodium hypochlorite [ 35 ]. 

 The primary limitation of sodium hypochlo-
rite is its inability to dissolve inorganic tissue. In 
the context of endodontic treatment, this trans-
lates to an inability to remove the smear layer that 
is caused during the instrumentation phase of 
treatment [ 15 – 19 ]. Ethylenediamine tetraacetic 
acid (EDTA) is a chelating agent used in 
 endodontics for its ability to remove the inor-
ganic component of smear layer (Fig.  5.2 ). EDTA 
acts by reacting with the calcium ions of hydroxy-
apatite to form soluble chelates that can then be 
rinsed from the root canal system [ 19 ]. Scanning 
electron microscopy has shown that with the use 
of EDTA, much less smear layer and thus much 
cleaner canals walls can be achieved than with 
using sodium hypochlorite alone [ 36 ].

   However, EDTA alone has too many limita-
tions to be used as a sole endodontic irrigant. It 
has very poor antibacterial properties. When 
Dunavant and colleagues tested EDTA against an 
 E. faecalis  biofi lm it only had a 26 % kill rate 
compared to sodium hypochlorite’s 99 % [ 37 ]. 
Furthermore, while EDTA is very effective at 
helping dissolve inorganic material it not effec-
tive at dissolving organic matter. Thus, it cannot 
be relied upon for tissue dissolution. For these 
reasons, EDTA is best considered an adjunctive 
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irrigant to be used in combination with other irri-
gants to supplement their antimicrobial and tis-
sue dissolution properties. 

 EDTA is therefore most commonly used in 
combination with sodium hypochlorite. Indeed, 
smear layer removal has been shown to be most 
effective when both EDTA and sodium hypo-
chlorite are used in conjunction [ 36 ,  38 ]. This is 
not surprising when considering the fact that 
EDTA will remove the inorganic component of 
the smear layer followed by NaOCl, which can 
then remove the exposed residual organic com-
ponent. However, care must be taken when using 
EDTA and NaOCl together because it has been 
shown that NaOCl is deactivated in the presence 
of EDTA affecting its tissue dissolution ability 
and probably its antibacterial effi cacy as well 
[ 39 – 41 ]. In contrast EDTA retains it chelating 
ability in the presence of NaOCl [ 42 ]. 

 While it has been established that using 
sodium hypochlorite and EDTA in combination 
provides the cleanest canals, the ideal irrigation 
regime or sequence is a topic of some debate. A 
range of different combinations has been recom-
mended. However, Goldman and colleagues 
found that the cleanest canals were achieved by 

using NaOCl throughout instrumentation and 
then fi nishing with a fi nal rinse of EDTA fol-
lowed by further NaOCl. It was surmised that the 
NaOCl dealt better with the larger amount of 
organic tissue that needed dissolving early in the 
instrumentation phase of treatment and thus 
reducing the amount of overall smear layer pro-
duced [ 40 ,  41 ]. 

 Chlorhexidine digluconate (CHX) is a widely 
used disinfectant in dentistry because of its good 
antimicrobial activity. It consists of two symmet-
ric 4-chlorophenyl rings and two biguanide 
groups connected by a central hexamethylene 
chain [ 42 ]. It is a wide-spectrum antimicrobial 
agent that is effective against bacteria and yeasts 
( Candida albicans ) [ 43 ]. It is able to permeate 
the cell wall or outer membrane causing disrup-
tion of the bacterial cytoplasm, inner membrane 
or the yeast plasma membrane. Its low toxicity 
and inherent substantivity, due to its ability to 
bind to hard tissue [ 44 ], has led to its application 
in endodontics (especially re-treatment cases) as 
both an intra-canal medicament and irrigant 
(Fig.  5.3 ).

   Numerous “in vitro” studies have evaluated 
the use of CHX comparing its antibacterial prop-

HOOC-CH2
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  Fig. 5.2    Structural formula of EDTA (ethylenediaminetetraacetic acid)       
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erties to NaOCl. Vianna and colleagues investi-
gated the antimicrobial activity of two forms of 
CHX (gel and liquid) using three concentrations 
(0.2, 1 and 2 %) against common endodontic 
pathogens. The results were compared to those 
achieved using NaOCl at fi ve concentrations 
(0.5, 1, 2.5, 4 and 5.25 %) [ 45 ]. Contrasting 
results were found when using a biofi lm model. 
Spratt and colleagues evaluated the effectiveness 
of 2.25 % NaOCl, 0.2 % CHX, 10 % povidone 
iodine, 5 parts per million colloidal silver and 
phosphate buffered solution (PBS) as a control 
against common monoculture biofi lm isolates. 
They found the most effective irrigants were 
NaOCl, followed by iodine solution [ 46 ]. 

 Unlike NaOCl, CHX has no tissue-dissolving 
capability so its sole use as an endodontic irrigant 
cannot be justifi ed. Furthermore its effects on 
biofi lm disruption have been shown to be less 
effective when compared to NaOCl solution [ 46 ]. 

 The mixing of CHX with sodium hypochlo-
rite solution has been shown to produce an 
orange- brown colour change and the formation 
of a precipitate. Basrani and colleagues used 
x-ray photoelectron spectroscopy (XPS) and 
time of fl ight secondary ion mass spectrometry 
(TOF- SIMS) to identify this precipitate. They 
showed the precipitate contained a signifi cant 
amount of para-chloroaniline (PCA); a hydroly-
sis product of CHX [ 47 ]. PCA has industrial uses 
in pesticides and dyes and has been demonstrated 
to be carcinogenic. This has led to two main con-
cerns, namely, the risk of precipitate leaching 
into the surrounding periapical tissues and also 
the occluding of dentinal tubules that could lead 
to reduced disinfection and/or resin penetration 
[ 48 ,  49 ]. Use of intermediate fl ushes of saline or 
distilled water and drying the canal prior to CHX 
irrigation may prevent the formation of PCA. 

 The combination of CHX and EDTA is known 
to produce a white precipitate. An investigation 
using reverse-phase high-performance chroma-
tography analysed the precipitate formed when 
mixing 17 % EDTA and 2 % or 20 % CHX. Based 
on the results, CHX forms a salt with EDTA 
rather than undergoing a chemical reaction [ 50 ]. 

 Iodine compounds exhibit signifi cant antimi-
crobial properties against both Gram-positive and 
Gram-negative bacteria and yeasts ( Candida albi-

cans ). Iodine potassium iodide (IKI) is the most 
commonly used iodine compound as an endodon-
tic irrigant as a solution of 2 % iodine in 4 % 
potassium iodide [ 51 ]. Two percent IKI has shown 
less toxicity and tissue irritation compared to 
formocresol, camphorated monoparachlorophe-
nol, CHX and sodium hypochlorite [ 52 ]. There is 
a body of opinion that has suggested the use of 
alternative intra-canal irrigation protocols when 
undergoing root canal retreatments. The school of 
thought has been that the causative persistent 
microbe responsible for failing or failed cases 
may be more resistant to the common endodontic 
irrigants used [ 53 ,  54 ]. Safavi and colleagues 
demonstrated in vitro using human teeth that 2 % 
IKI treatment for a period of 1–2 h was suffi cient 
to disinfect dentine. In contrast bacteria remained 
viable in the dentine even after relatively extended 
periods of calcium hydroxide treatment (24 h) 
[ 55 ]. IKI has no tissue- dissolving capacity, and so 
its use like CHX may be recommended following 
completion of chemomechanical preparation as 
an adjunctive intra-canal medicament or fi nal 
antiseptic rinse. Use of iodine should be avoided 
in patients with known allergies. 

 From a historical perspective, hydrogen perox-
ide has been used in concentrations ranging from 3 
to 5 % alternating with sodium hypochlorite as part 
of the irrigation protocol. The release of nascent 
oxygen, which produces effervescence, was thought 
to help dislodge debris, which could drain out of the 
canal with the irrigant [ 56 ]. Accidental extrusion of 
hydrogen peroxide beyond the confi nes of the canal 
has resulted in sudden, severe pain, swelling, 
emphysema and crepitus, as reported in the litera-
ture [ 57 ]. Its use as an endodontic irrigant can there-
fore no longer be recommended. 

 Recently several new irrigants have been intro-
duced to the profession in an attempt to further 
enhance effective debridement of the root canal 
system and eradicate intra-radicular infections. 
MTAD (Biopure, Dentsply, Tulsa Dental, Tulsa, 
OK) has been recommended as an  alternative solu-
tion to EDTA for removing the smear layer. It is a 
mixture of tetracycline (3 % doxycycline hyclate), 
acid (4.25 % citric acid) and detergent (0.5 % poly-
sorbate (Tween) 80) [ 58 ]. Tetraclean (Ogna 
Laboratori Farmaceutici, Muggio, Italy) is another 
combination product containing doxycycline 
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(50 mg/mL compared to 150 mg/mL in MTAD), 
an acid and a detergent (polypropylene glycol) 
[ 59 ]. The combination of smear layer removal and 
the potential ability to exert an antibacterial effect 
are the main advantages when considering use of 
this irrigants as a fi nal rinse following disinfection 
protocols. Disadvantages include tetracycline 
resistance amongst common root canal isolates, 
intrinsic staining and potential sensitivity. 

 The two most commonly used chelators 
EDTA and citric acid have been shown to react 
with sodium hypochlorite solution resulting in 
diminished antimicrobial and tissue-dissolving 
potential. HEBP (1-hydroxyethylidene- 1,1-
bisphosphonate) (etidronic acid) is a chelator that 
has been recommended as an alternative to EDTA 
that can be used in combination with sodium 
hypochlorite solution without affecting its pro-
teolytic or antimicrobial properties [ 40 ]. 

 QMiX was introduced in 2011 as a novel end-
odontic irrigant containing EDTA, CHX and a 
detergent used for smear layer removal and added 
disinfection [ 60 ]. This combination single solu-
tion product is available as a clear ready to use 
solution with no chair-side mixing involved. It 
has been recommended for use at the end of 
instrumentation as a fi nal rinse. If NaOCl has 
been used then saline is used to rinse out any 
remaining NaOCl prior to its use to prevent 
potential PCA formation [ 47 – 49 ]. 

 A laser is an acronym for light amplifi cation by 
stimulated emission of radiation. The radiation 
involved in generating laser light is non-ionizing 
and the energy produced can be harnessed for dis-
infection purposes either thermally or chemically 
[ 61 ]. The neodymium: yttrium-aluminium-garnet 
(Nd: YAG), erbium: chromium: yttrium-scan-
dium-gallium-garnet (Er: Cr: YSGG) and the 
erbium: yttrium-aluminium-garnet (Er: YAG) 
lasers have shown the most promise in endodon-
tics. The Nd: YAG laser emits a wavelength of 
1064nm close to the infrared range allowing fl exi-
ble conductors to be used in narrow and curved 
canals yielding bactericidal effects both within the 
root canal walls and deeper dentine layers [ 62 ]. 
The Er: Cr: YSGG laser (developed by Waterlase 
MD, Biolase Technology, Irvine, CA, USA) is 
equipped with a 200 µm radially emitting laser tip 
equivalent to a number 20 fi le. It emits a wave-

length of 2780 nm, which correlates close to the 
absorption maximum of hydroxyapatite acting 
through photo ablation. It can be used to remove 
smear layer and debris from the root canal walls 
thereby reducing bacterial loads [ 63 ]. The Er: 
YAG (developed by Powerlase, Lares research, 
Chico, CA, USA) has photon-induced photoacout-
stic streaming (PIPS) capability to create short 
microsecond pulse rates (50µs at a wavelength of 
2940 nm). Irrigating solutions can be activated by 
the transfer of pulsed energy, enhancing the 
removal of organic tissue and microbes, resulting 
in improved tubular dentine disinfection [ 64 ,  65 ]. 

 Photo activated disinfection (PAD) also known 
as light-activated disinfection, photodynamic 
antimicrobial chemotherapy and photodynamic 
therapy has been used to target microorganisms in 
root canals as an adjunct to current endodontic 
disinfection techniques. Methylene blue and tolu-
idine blue are well-established photosensitizers 
that have been used in PAD for targeting both 
gram negative and positive microorganisms. The 
photosensitizer binds to the surface of the micro-
organism and following light activation of appro-
priate wavelength results in the generation of 
singlet oxygen and free radicals that are cytotoxic 
to the microbial cell wall [ 66 ,  67 ]. 

 Effi cient irrigation that can reach the canal ter-
minus requires not only a suitable irrigant deliv-
ery system but one that can also work in a safe 
manner without causing harm to the patient. Root 
canal delivery irrigation systems can be broadly 
classifi ed into two categories: manual and 
machine-assisted agitation techniques. The most 
common method of manual passive irrigation 
involves the use of a 27–30 gauge side-venting 
needle without binding it on the canal walls. The 
irrigation solution is dispensed approximately 
1mm deeper than the tip of the needle. Depth of 
needle placement is determined by the size of the 
canal, canal curvature and corresponding needle 
size used. One must bear in mind the closer the 
needle tip is positioned to the apical tissues, the 
greater the chance of apical extrusion of the irrig-
ant and potential for catastrophic accident (hypo-
chlorite accident) [ 68 ,  69 ]. 

 A 30-gauge irrigation needle covered with a 
brush (NaviTip FX; Ultradent Products Inc., South 
Jordan, UT) is available commercially as an 
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adjunct for canal debridement [ 70 ]. Inherent fric-
tion created when using the brush may risk dis-
lodgement of the radiolucent bristles in the canals. 

 The method of manual dynamic irrigation is 
well recognized as a simple method to ensure 
direct contact of irrigant with canal wall to enhance 
effectiveness of irrigant action. Gently moving a 
well-fi tting master gutta-percha cone up and down 
in short 2–3 mm amplitude strokes (manual 
dynamic irrigation) within an instrumented canal 
produces a hydrodynamic effect improving irrig-
ant displacement and exchange [ 71 ]. A recent 
study using a collagen “bio-molecular” ex vivo 
tooth model demonstrated that manual-dynamic 
irrigation was signifi cantly more effective than an 
automated-dynamic irrigation system (RinseEndo) 
[ 72 ]. Despite ease of use and no costs involved the 
routine use of this hand-activated method has been 
shunned in clinical practice due to the perception 
of it being too labour intensive by some. 

 Machine assisted agitation systems have been 
developed to facilitate debris and smear layer 
removal. Rotary brushes such as CanalBrush 
(Coltene Whaledent, Langenau, Germany) has 
introduced a rotary handpiece-attached micro 
brush constructed from polypropylene. The micro 
brush is intended to rotate at 600rpm allowing and 
has been shown to effectively remove debris from 
simulated canal extensions and irregularities [ 73 ]. 

 Sonic activation operating at low frequencies 
(1–6 KHz) has been shown to be an effective 
method for disinfecting root canals. A recently 
introduced sonically driven canal irrigation system 
known as the Endoactivator (Dentsply Tulsa 
Dental Specialities, Tulsa, OK) is commercially 
available. It consists of a plastic disposable poly-
mer tip available in three different sizes (ISO tip 
20, 25 and 30) that are easily attached to a sonic 
hand piece that can vibrate up to 10,000 cycles per 
minute [ 74 ]. A study has reported that the use of 
Endoactivator facilitates irrigant penetration and 
mechanical cleansing compared to conventional 
irrigation syringes and needles, with no increase in 
the risk of irrigant extrusion beyond the apex [ 75 ]. 

 The use of ultrasonic energy for cleaning root 
canals and facilitating canal disinfection is well 
recognized. Ultrasonic fi les are oscillated at ultra-
sonic frequencies (25–30 kHz) resulting in charac-
teristic patterns of antinodes and nodes along the 

length of the fi le. Passive ultrasonic irrigation 
whereby the ultrasonic fi le is vibrated within the 
canal following canal preparation has been advo-
cated as a means to enhance irrigation without the 
adverse effect of dentine cutting and iatrogenic 
damage. Energy transferred from the oscillating 
fi le to the irrigant in the root canal system induces 
acoustic streaming and cavitation of the irrigant 
[ 76 – 78 ]. Acoustic streaming is defi ned as the 
movement of fl uid, which occurs as a result of the 
ultrasound energy creating mechanical pressure 
changes within the tissues. Cavitation is defi ned as 
the formation and collapse of gas and vapour-fi lled 
bubbles or cavities in a fl uid. Studies have demon-
strated the effectiveness of bacterial elimination 
[ 79 ,  80 ], removal of pulpal tissue and dentine 
debris removal [ 81 ] and removal of smear layer 
when using passive ultrasonic irrigation [ 81 ,  82 ]. 

 Machine assisted pressure alternation devices 
have been introduced in a further attempt to over-
come the disadvantages of conventional syringes 
and needle systems. For any irrigation solution to 
be effective at mechanically removing root canal 
debris it must reach the apex, create a current, and 
carry the debris away [ 68 ,  69 ]. Furthermore air 
entrapment within the confi nes of the root canal 
space (apical vapour lock) can theoretically pre-
vent both irrigation exchange and adequate fl ow. 

 EndoVac (Discus Dental, Culver City, CA, 
USA) was introduced as a means of concomitant 
irrigant delivery and aspiration using a negative 
pressure-approach lowering the risks of hypo-
chlorite accident and the phenomenon of apical 
vapour lock [ 83 ]. It consists of a disposable 
syringe, a macro-cannula and a micro-cannula 
allowing irrigant to be placed in the pulp chamber 
and the ability for the irrigant to be sucked down 
the root canal and back up again with minimal 
risk of apical extrusion. A study by Brito and col-
leagues comparing NaviTip needles (Ultradent, 
South Jordon, UT, USA), EndoActivator and the 
EndoVac system concluded that there was no evi-
dence of antibacterial superiority with any of the 
techniques used [ 84 ]. 

 The RinseEndo system (Dürr Dental Co) is 
another root canal irrigant device based on a 
pressure-suction mechanism with approximately 
100 cycles per minute [ 85 ]. 65 µL of the rinsing 
solution is oscillated at a frequency of 1.6 Hz and 
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drawn from the attached syringe allowing irrigant 
transfer to the canal via an adapted cannula. 
During the suction phase, the used solution and 
air are extracted from the root canal and automat-
ically merged with fresh rinsing solution thereby 
ensuring constant irrigant exchange and replen-
ishment. The effectiveness of this system in 
cleaning canal walls has been challenged using 
the previously mentioned solubilized collagen-
staining model that attempts to stimulate a bacte-
rial biofi lm within the canal walls. When 
comparing RinseEndo to manual-dynamic irriga-
tion (using the pumping action of a master gutta-
percha cone) the former proved less effective at 
removing the stained collagen [ 72 ]. Not enough 
clinical data is available to draw any fi rm conclu-
sions as to the benefi ts of using such a system. 

 In summary irrigation is a key part of success-
ful root canal treatment. It has several important 
functions including: reducing friction between 
the instrument and dentine, improving the cutting 
effectiveness of the fi les, dissolving organic tis-
sue remnants, cooling both the fi le and tooth, and 
furthermore, it has a washing effect and an anti-
microbial effect. Irrigation is also the only way to 
have a positive impact on areas of the root canal 
wall not touched by mechanical instrumentation. 
NaOCl is the main irrigating solution used to dis-
solve organic matter and kill microbes effec-
tively. EDTA is needed as a fi nal rinse to remove 
the smear layer (see Fig.  5.4 ). Sterile water or 
saline may be used between these two main irrig-
ants, however, they must not be the only solutions 
used. Different means of delivery are used for 
root canal irrigation, from traditional syringe-
needle delivery to various machine-driven sys-
tems, including automatic pumps and sonic or 
ultrasonic energy. In selecting any irrigant and 
delivery system, consideration must be given to 
both safety and effi cacy [ 86 ].

5.2        Common Endodontic 
Irrigants 

5.2.1     Sodium Hypochlorite 

 Of all the currently available choices of irrigants, 
NaOCl appears to be the most ideal, covering 

most of the requirements for endodontic irriga-
tion. Its ability to dissolve necrotic tissue and the 
organic components of the smear layer as well as 
antimicrobial action is of paramount importance 
when carrying out cleaning and shaping proce-
dures (Fig.  5.5 ).

   The antibacterial effi cacy and tissue- 
dissolving capability is a function of its concen-
tration, but so too its toxicity. Typical 
concentrations used for irrigation purposes 
range from 0.5 to 6 % depending on preference. 
It is useful to remember that severe tissue irrita-
tions usually occur when using higher concen-
trations of solution, which is inadvertently 
forced into the periapical tissues. There is no 
added antimicrobial advantage when using 
0.5 % NaOCl solution or 5 % solution. 
Replenishment of irrigant is key during treat-
ment procedures with fresh hypochlorite solu-
tion continuously replaced. 

 Increasing the temperature of NaOCl solution 
also improves the effectiveness of irrigant solu-
tion within the canal system with respect to 
tissue- dissolving capacity. The ability of a 1 % 
NaOCl at 45 °C to dissolve human pulp tissue is 
equal to that of 5.25 % at 20 °C. 

 The most important factor to ensure optimal 
desired effects when using NaOCl is the factor 
of time. This is particularly important in regard 
to the concept of modern preparation tech-
niques whereby the time taken to instrument 
and shape a canal has reduced signifi cantly. 
The “chemo” aspect of preparation, neverthe-
less, requires adequate working time for the 
irrigant to make contact with the non-instru-
mented surfaces and effectively dissolve 
necrotic pulp tissue remnants, organic aspects 
of the smear layer and exerts optimal antimi-
crobial effects.  

5.2.2     Chlorhexidine 

 CHX is a potent antiseptic and is commonly 
used in concentrations ranging from 0.1 to 2 % 
(the latter is the concentration of root canal irri-
gation commonly used in the endodontic litera-
ture). Its use has been advocated as a fi nal 
irrigant owing to its substantivity, rather than the 
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main irrigant to be used throughout the end-
odontic procedure. This is due to its inability to 
dissolve necrotic tissue remnants. One must also 
bear in mind that primary endodontic cases are 
typically a polymicrobial infection predomi-
nated by Gram-negative species. CHX has a 
greater effectiveness against Gram-positive 
bacteria.  

5.2.3     Iodine Potassium Iodide 

 The endodontic literature has shown that 2 % IKI 
has been proven to be benefi cial in some resistant 
failing cases. The use of iodine must be cautioned 
particularly in patients with known allergy. Like 
CHX it has no tissue-dissolving capability and so 
its use may be benefi cial as part of a fi nal irriga-

  Fig. 5.4    Clinical radiographs demonstrating non-surgi-
cal root canal treatment of tooth 46 using 1 % sodium 
hypochlorite solution and 17 % EDTA solution. Note ( a ) 
preoperative radiograph ( b ) initial apical fi le radiograph 
( c ) master apical fi le radiograph ( d ) mid-fi ll ( e ) backfi ll 
and ( f ) post-operative view. Note sealer puffs in the mesial 
and distal root apices confi rming apical patency. Sodium 
hypochlorite solution functions as the main bactericidal 
irrigant and allows dissolution of organic tissue and lubri-

cation during preparation. EDTA is an organic acid, which 
is used to eliminate the inorganic mineral known as the 
“smear layer”. The inability to effectively remove this 
layer can allow further thickening and condensing that can 
potentially close entrances of dentinal tubules, lateral and 
accessory canals and the main canal. Blockages or both 
organic or inorganic tissue remnants can be diffi cult to 
remove often resulting in incomplete canal preparation 
that can lead to failure         

a b

c d
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tion protocol following chemomechanical prepa-
ration with NaOCl solution.   

5.3     Removal of Smear Layer 

 Instrumentation procedures that make contact 
with the root canal walls (using hand or rotary 
instruments, ultrasonic tips and burs) can pro-
duce a 0.5–2 μ thick smear layer consisting of 
organic (pulp tissue remnants, bacteria and bio-
fi lm) and inorganic (mineralized dentine and pre-
dentine particles) components. The adjunctive 

use of chelating agents such as EDTA has there-
fore been recommended. Removal of smear layer 
may allow for disruption of biofi lm plaques that 
are adherent to canal walls and opening of den-
tinal tubules that further optimizes either anti-
bacterial irrigation penetration or intra-canal 
medicaments which may diffuse further without 
constraints. 

 The recommended protocol for smear layer 
removal is the use of NaOCl followed by EDTA 
or citric acid. One to two minutes should be suf-
fi cient working time for EDTA action prior to 
inactivation with saline. 

a b c d

  Fig. 5.5    Clinical photographs demonstrating sodium 
hypochlorite tissue-dissolving ability. Note experiment 
using organic pulp tissue immersed in 1 % NaOCI solu-
tion for ( a ) 1 min, ( b ) 10 min, ( c ) 20 min and ( d ) 30 min, 

respectively. This crude experiment shows that time is 
needed for tissue-dissolving capability. Solution replen-
ishment and use of heat will both decrease time taken to 
dissolve tissue       

Fig. 5.4 (continued)

fe
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 EDTA should be used in liquid form and 
typical concentrations for endodontic use 
range from 15 to 17 %. The clinician must be 
aware of the fact that EDTA in the presence of 
NaOCl solution reduces the available chlorine 
in solution, rendering NaOCl less effective 
with regards to both tissue-dissolving capabil-
ity and antimicrobial activity. This is the very 
reason why the use of chelating agents in paste 
form which were once recommended during 
the canal shaping procedure is no longer 
recommended.  

5.4     Alcohol 

 The use of 95 % ethyl alcohol has been recom-
mended as a pre-irrigation step or fi nal irrigation 
step prior to intra-canal medicament placement 
or obturation of the canal. This is based on anec-
dotal practice with the assumption that the alco-
hol reduces the surface tension of either the 
irrigant fl uid to be used thereafter or sealer during 
obturation. The evaporation of the alcohol is 
thought to aid either irrigant or sealer penetra-
tion. A fi nal rinse of approximately 3–5 ml of 
95 % Ethyl alcohol can be recommended in order 
to improve the sealing ability of the root canal 
fi lling.  

5.5     Irrigant Interactions 

5.5.1     Sodium Hypochlorite 
and EDTA 

 The combination of NaOCl and EDTA results 
in EDTA retaining its calcium-complexing 
ability with a reduced amount of chlorine avail-
able in solution. NaOCl on the other hand has 
reduced tissue-dissolving capability and anti-
microbial effectiveness. When using NaOCl 
and EDTA, an alternating regime should be 
used with copious amounts of the former to 
ensure that any remnants of EDTA have been 
removed.  

5.5.2     Sodium Hypochlorite 
and Chlorhexidine 

 The combination of NaOCl and CHX results in the 
formation of an orange-brown precipitate consist-
ing possibly of para-chloroaniline (PCA). The 
amount of PCA formed is directly linked to the 
increasing concentration of NaOCl. Due to the 
potential toxicity of PCA, the ability of the precipi-
tate to occlude the dentinal tubules and potential for 
the insoluble precipitate to interfere with the fi nal 
seal of the root fi lling caution should be excised 
when irrigating with both of these solutions. 

 Clinical recommendations to avoid precipitate 
formation include the use of absolute alcohol, saline 
or distilled water following use of NaOCl and prior 
to the introduction of CHX within the root canal. 
An alternative is to use QMiX that does not appear 
to form any precipitate in the presence of NaOCl 
solution. Nevertheless manufacturers recommend 
use of a saline irrigation prior to QMiX use.  

5.5.3     EDTA and Chlorhexidine 

 The combination of EDTA and CHX results in the 
formation of a white precipitate due to the chlorhex-
idine forming a salt with EDTA rather than under-
going a chemical reaction. Clinical recommendation 
will be to fl ush out the EDTA with saline after rec-
ommended working time (usually 1–3 min) prior 
to introduction of CHX as a fi nal rinse (Fig.  5.6 ).

5.6         Methods of Delivery 

5.6.1     Manual Passive Irrigation 

5.6.1.1     Conventional Syringe 
and Needles 

 Plastic syringes of different sizes are available 
with 1 and 5 mL typically suffi cient for endodontic 
irrigation purposes. Larger syringes (10 and 
20 mL) although time saving due to their greater 
capacity for solution storage are more diffi cult to 
control when exerting pressure increasing the risks 
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of inadvertent accidents. All endodontic syringes 
should have a Luer-Lok hub design, which avoids 
potential needle disengagement and irrigant spray, 
which can be harmful on skin/mucosal/eye contact 
and damage to clothing (Fig.  5.7 ).

   According to the international standards orga-
nization (ISO) a 30G needle is equivalent to size 
0.31 diameter at the tip and a 27G needle is 0.42 
diameter at the tip. This means that the minimal 
master apical fi le size should be at least a size 30 
when using a 30G needle to ensure adequate nee-
dle penetration. Smaller needles (greater than 

30G) although easier to deliver irrigant to the apex 
are a risk of potential apical extrusion. Needle tip 
designs have been modifi ed with this view in mind 
with side venting to minimize extrusion.   

5.6.2     Manual Dynamic Irrigation 

5.6.2.1     Master Cone Gutta-Percha 
Point 

 The use of an apically well-fi tting master gutta- 
percha cone moved in an up and down motion at 

a b c

d e f

  Fig. 5.6    Clinical photographs demonstrating potential irri-
gant interactions. Note ( a ) sodium hypochlorite solution 
(NaOCI) 1 %. ( b ) 1 % NaOCI solution and chlorhexidine 
2 % (CHX) mix. ( c ) NaOCI and CHX after 5 min. ( d ) 
NaOCI and CHX after 10 min. ( e ) NaOCI and CHX after 

20 min.  Orange-brown  precipitate possibly consisting of 
para-chloroaniline (PCA). ( f ) The combination of ethylene-
diaminetetraacetic acid (EDTA) and CHX results in the for-
mation of a  white  precipitate due to the CHX forming a salt 
with EDTA rather than undergoing a chemical reaction       
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the working length in short amplitude motions 
repeatedly will facilitate irrigant exchange in the 
apical 1/3rd. Replenishment of fresh NaOCl 
solution is necessary to ensure optimal antibacte-
rial activity. This technique has been shown to 
produce favourable results with minimal risk of 
apical extrusion (Fig.  5.8 ).

5.6.3         Sonic Irrigation 

5.6.3.1     EndoActivator 
 Sonic activation has been shown to be an effec-
tive method to enhance disinfection of the root 
canal. The use of a battery-operated portable 
handpiece offers three-speed sonic motor options 
(high, medium and low) with the choice of three 
disposable medical grade polymer tips (small 
#15/02, medium #25/04 and large #35/04) for 
single use application. Manufacturers claim the 

device is capable of sonic vibration up to 
10,000 cycles per minute creating fl uid hydrody-
namics that improve both debridement and dis-
ruption of the smear layer and biofi lm. The 
recommended protocol for use is as follows:

    1.    Complete canal preparation to produce a fully 
tapered preparation with minimal MAF size 
corresponding to size #25.   

   2.    Fill the pulp chamber and root canal with 
choice of irrigant (NaOCl, EDTA or CHX).   

   3.    Select the activator tip that manually fi ts 
loosely within 2 mm of the working length.   

   4.    Attach the activator tip over the barrier pro-
tected handpiece and snap on fi rmly promot-
ing a secure connection with the handpiece.   

   5.    Place the activator tip to working length (this 
can be marked on the polymer tip) and use in 
a pumping action with short 2–3 mm vertical 
strokes (Fig.  5.9 ).

a

b

c

  Fig. 5.7    Clinical photograph of manual passive irrigation delivery using conventional syringe and needles. Note ( a ) 
5 mL and ( b ) 1 mL syringes. ( c ) Luer-Lok hub design to help prevent potential needle disengagement and spray       
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5.6.4             Passive Ultrasonic Irrigation 

5.6.4.1     Ultrasonic Irrigation 
 Cleaning of the root canal system and enhancing 
disinfection can be achieved by the use of ultra-
sonics. Passive ultrasonic irrigation refers to the 
fi le being used passively with the ability to move 
freely within the canal without making contact 
that can result in ultrasonic preparation and inad-
vertent ledging. Cavitation and acoustic streaming 
of the irrigant contribute to the chemomechanical 
effectiveness of this procedure. The hydrodynamic 
response of the oscillating fi le with cavitation 
micro-streaming contributes to the cleaning of the 
canal (when compared to hand instrumentation 
alone). A proposed clinical protocol is as follows:

    1.    Complete canal preparation to produce a fully 
tapered preparation with minimal MAF size 
corresponding to size #25.   

   2.    Fill the pulp chamber and root canal with 
choice of irrigant (NaOCl, EDTA or CHX).   

   3.    Select a #15 Ultrasonic K fi le and attach to 
handpiece. Set ultrasonic unit to manufactur-
ers recommended power setting.   

   4.    Place fi le 2 mm short of working length and 
activate for 3 min. File can be moved in short 
vertical strokes of 2–3 mm ensuring fi le does 
not move beyond working length.   

   5.    Replenish irrigant and repeat as necessary. 
Care must be taken to ensure that the fi le is 
working passively when activated with no 
attempt made to plane, shape or remove den-
tine from the canal walls.     

 Care must be taken since there is possible risk 
of fi le separation. This can occur if the fi le does 
not move freely within the canal or recommended 
manufacture power settings are not adhered to 
(Fig.  5.10 ).

a b

  Fig. 5.8    Clinical radiographs of an upper maxillary 1st 
right molar showing ( a ) MAF preparation of the mesio- 
buccal root to a size #30 at the working length. ( b ) 
Placement of a 30G needle cannot be passively passed to 
length due to the abrupt apical curvature that is present. 

Use of alternative irrigation devices such as manual- 
dynamic irrigation or sonic irrigation will be necessary to 
ensure optimal irrigant exchange in the apical 1/3rd essen-
tial for biofi lm disruption, organic tissue dissolution and 
bacterial elimination/reduction       
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a b c d

  Fig. 5.10    Clinical radiographs of an extracted molar 
tooth where the distal canal has been prepared to a size 
#30 at the apex. ( a ) Using a standard 30G needle irrigant 
can be easily exchanged to the level of canal curvature. 
( b – d ) Use of sonic irrigation using the “EndoActivator” 
with the choice of three disposable medical grade polymer 

tips (small #15/02, medium #25/04 and large #35/04) for 
single use application. Manufactures claim the device is 
capable of sonic vibration up to 10,000 cycles per minute, 
creating fl uid hydrodynamics that improve both debride-
ment and disruption of the smear layer and biofi lm       

a b c

  Fig. 5.9    Clinical radiographs of an extracted molar tooth 
where the distal canal has been prepared to a size #30 at 
the apex. Various methods used to facilitate irrigant 
exchange. Note ( a ) using passive ultrasonic irrigation 
using an ultrasonic #15 K fi le within 2 mm of working 
length. A low power setting is recommended to avoid 

inadvertent canal preparation, transportation and fi le sepa-
ration. The fi le can be moved up and down using small 
amplitude vertical strokes. ( b ,  c ) Use of a master cone 
gutta-percha size #30 can be placed to length and moved 
in a “pumping” action to facilitate irrigant exchange       
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5.6.5         Pressure Alternation Devices 

5.6.5.1     EndoVac 
 EndoVac (Discus Dental, Culver City, CA, USA) 
is a proprietary product that uses negative pressure 
to draw irrigant within a canal and then removes it. 
The device is attached to a suction unit and utilizes 
a micro-cannula, which can be placed deep within 
canal. The cannula acts as a micro-suction draw-
ing irrigant into a canal as far as its tip reaches. 
This imparts a degree of fl uid movement although 
not as much as what might be achieved with ultra-
sonic irrigation. It does however ensure the apical 
extent of a canal is continuously fl ooded with fresh 
irrigant for an optimum effect. It also has the key 
advantage that it is not possible to extrude irrigant 
using this device and thus it is a very safe, almost 
making a hypochlorite accident impossible.    

5.7     Hypochlorite Accidents 

 Several mishaps during root canal irrigation have 
been described in the dental literature ranging 
from damage to patient’s clothing, splashing of 
irrigant into the patient or operator’s eye and 
inadvertent injection beyond the apical foramen 
and allergic reactions. 

5.7.1     Damage to Clothing 

 The most common incident that may occur dur-
ing root canal irrigation is damage of the patient’s 
clothing. NaOCl solution is a common household 
bleach whereby direct contact or spraying due to 
needle/syringe hub failure or ultrasonic activa-
tion and resultant aerosol spray can cause cloth-
ing to be damaged. Care must be taken when 
using manual irrigation with conventional nee-
dles ensuring needle and syringe are securely 
attached and the patient is wearing suitable pro-
tection measures (patient bib).  

5.7.2     Damage to Eye 

 Accidental spillage of NaOCl into either the 
patient or operator’s eye can result in immediate 

pain, burning and erythema. Immediate eye 
washing is recommended with further referral to 
ophthalmologist for further examination and 
treatment if warranted.  

5.7.3     Extrusion Beyond the Apex 

5.7.3.1     Sequelae of Sodium 
Hypochlorite Extrusion 

 Extrusion of NaOCl beyond the confi nes of the 
apex may occur in teeth with wide-open apices, 
where the apical constriction has been destroyed 
either during root canal preparation or due to 
resorption and in teeth with internal/external root 
resorption or perforation communications. 
Additionally operator factors such as extreme 
force during injection of irrigant, binding of the 
needle tip with wedging in the canal and inade-
quate working length determination can all lead 
to hypochlorite extrusion and its sequelae. 

 The patient may experience excruciating 
immediate pain during the irrigation procedure. 
Immediately or within a few hours the patient 
may exhibit swelling, ecchymosis, bleeding 
through the gingivae and a neurological defi cit 
once the local anaesthetic has worn off. Within 
the fi rst 24–72 h the patient may present with sec-
ondary infection, persistent pain and neurologi-
cal defi cit. A necrotic ulcer may form with 
sloughing of the gingivae surrounding the offend-
ing tooth and necrosis that may involve the bone. 

  Management of sodium hypochlorite 
accidents  

 The result of accidental sodium hypochlorite 
extrusion is unpredictable with every patient 
reacting differently according to the concentra-
tion and amount of extrusion and host response. 
Nevertheless every patient should be treated with 
appropriate care consisting of immediate man-
agement and follow-up with the possibility of 
urgent or delayed referral to an oral and maxillo-
facial surgeon depending severity of sequelae. 
Initial management should focus on alleviating 
swelling and controlling pain. Recommendations 
include use of cold compress on the fi rst day to 
treat the swelling, followed by warm compress to 
stimulate the microcirculation. Long-acting local 
anaesthesia may be provided for the acute pain. 
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Antibiotic use may be recommended in cases 
where soft tissue damage could result in tissue 
necrosis and secondary infections. Steroids may 
be used for the management of the swelling 
although their effi cacy is inconclusive. 

 Extensive soft tissue necrosis with or without 
bone involvement may require additional wound 
debridement and referral. Sensory neurological 
defi cit including anaesthesia or paraesthesia will 
usually resolve but may take several months. All 
patients that develop any neurological defi cit will 
require early follow-up with an oral maxillofacial 
surgeon to assess degree of severity and manage-

ment thereof. In cases of suspected or risk of 
upper airway obstruction, prompt referral to hos-
pital may be indicated for in-patient manage-
ment. All patients should be followed up carefully 
to ensure a full recovery is made (see Fig.  5.11 ).

5.8          Recommended Irrigation 
Protocol 

 Developing a rational irrigation protocol so that 
chemical disinfectants are administered in a proper 
manner without compromising their action is 

Suspected sodium hypochlorite
extusion beyond the confines of the

Stop sodium hypochlorite irrigation
and reassure patient as to likely event

Irrigate canal with normal saline or
sterile water

Dress tooth with calcium hydroxide
and place temporary double seal

Administer long acting local
anaesthetic such as Bupivicaine

Recommend analgesics NSAIDS if no allergy/
asthmatic and antibiotics if risk of infection

Recommend extra-oral
cold compress for

swelling

After 1 day recommend warm
compress with frequent warm
mouthrinses to stimulate local

circulation

Daily recall to ensure
recovery

Consider urgent hospital referral
if airway compromised or

swelling or pain not likely to be
controlled by local measures

Consider oral maxillofacial
referral if ulceration/necrosis

evident or persistent
neurological deficit occurs

  Fig. 5.11    Outpatient and in-patient management of 
sodium hypochlorite accidents depending on severity of 
symptoms. Note any acute swelling that may potentially 
affect the airway may require immediate urgent hospital 

referral. Opioid analgesics, IV antibiotics and IV steroids 
may be administered for up to 48 h. Consider an oral max-
illofacial surgery referral if suspected ulceration, bone 
necrosis or persistent paraesthesia occurs       
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imperative for the outcome of successful endodon-
tics. For optimal irrigation, a combination of irrig-
ants may be necessary that can differ according to 
whether the case is a primary endodontic “de 
novo” infection or a persistent secondary failing 
case. The clinician must keep in mind the potential 
precipitates that can form when irrigants are com-
bined and care must be taken to ensure that appro-
priate steps are taken to reduce these risks. 

 The protocol is based on a multi-visit treat-
ment wherein the clinical objective of the fi rst 
appointment is appropriate chemomechanical 
canal shaping and intra-canal medicament place-
ment (see Fig.  5.12 ) and the second appointment 
is the fi nal obturation stage (see Fig.  5.13 ).

    To remove the calcium hydroxide at the initia-
tion of the second obturation visit, sodium hypo-
chlorite solution is useful. In addition, it is advisable 
to re-enter each canal with the master apical fi le or 
rotary instrument to agitate the hypochlorite solu-

tion and thus enhance calcium hydroxide removal. 
Following removal of calcium hydroxide a fi nal 
fl ush of sodium hypochlorite can be carried out 
prior to completion of smear layer removal using 
EDTA. A fi nal fl ush of ethyl alcohol may be used 
prior to placement of sealer within the canal to 
ensure that following evaporation the canal is dry 
and to allow for optimal sealer penetration.  

5.9     Clinical Case 

   Case 5.1     Hypochlorite accident, swelling and 
neurological defi cit affecting the right lower lip 
during root canal treatment of tooth 44 

 A 57-year-old fi t and healthy patient was 
referred for endodontic management of tooth 44. 
Four weeks earlier the patient had attended her 
general dental practitioner complaining of ther-
mal sensitivity in relation to tooth 44. A provi-

Consider 0.5 %–5 % NaOCl solution
throughout the instrumentation phase

Appropriate MAF selected

Apical negative pressure
using EndoVAc

Manual agitation
with GP cone

Smear layer removal

Saline to wash out any residual
NaOCl solution

17 % EDTA I min

Final rinse with

NaOCl Saline CHX
Intracanal

medicament
placement

Temporary double
seal

Smear clear MTAD Tetraclean QMiX

Sonic agitation using
EndoActivator

Ultrasonic agitation
using #15K file

  Fig. 5.12    Irrigation protocol for fi rst stage chemomechanical cleaning and shaping procedure       
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sional diagnosis of irreversible pulpitis was made 
and endodontic treatment commenced. Following 
initial access preparation, the canal was irrigated 
with 1 % sodium hypochlorite solution. 
Immediately the patient experienced an intense 
burning sensation that radiated to her lower jaw 
on the right hand side. A hypochlorite accident 
was suspected, reassurance given to the patient 
and saline irrigation commenced. Immediate 
swelling and oedema affecting the patient’s lower 
right lip was observed with exudate noted through 
the access cavity in the tooth. The tooth was tem-
porarily dressed and procedure abandoned. Due 
to the extent of the swelling and concern about 
possible airway obstruction the dentist arranged 

for an ambulance and the patient was subse-
quently seen in accident and emergency. 

 The patient was discharged later that evening 
and advised to see her general dental practitioner 
for further management. The dentist contacted 
me directly to discuss the case. I advised that the 
patient should be placed on oral antibiotics 
(amoxicillin 250 mg tds 7 days), analgesics (1 g 
Paracetomol qds and 400 mg ibuprofen qds alter-
natively at 4 hourly intervals) and oral steroids 
(Prednisone 5 mg tds 3 days). I also recom-
mended prompt referral to an oral maxillofacial 
surgeon regarding neurological assessment and 
soft tissue management before completing end-
odontic treatment. 

Removal of intracanal
medicament

Use sodium hypochlorite
solution

Conventional syringe and
needle with Luer-Lok hub

Manual agitation
with GP cone

Saline to wash out any residual
NaOCl solution

Smear layer removal

17 % EDTA I min

Final rinse with 95 % Ethyl
alcohol

Paper points used to dry canal
completely

Proceed to
obturation

Sonic agitation using
EndoActivator

Ultrasonic agitation
using #15K file

  Fig. 5.13    Irrigation protocol for second stage obturation stage       
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 At the maxillofacial consultation a week later, 
the swelling affecting the lower right lip had 
reduced signifi cantly (Fig.  5.14 ). A fi rm swelling 
was noted in the buccal aspect of tooth 44. 
Altered sensation was evident with the right lip 
and chin. Although there was no obvious necro-
sis of soft tissues or infection, a decision was 
made to continue antibiotic treatment to reduce 
the risk of super-infection in the area of the 
altered tissues. The patient was reassured and 
further reviews were scheduled advising the 
patient that no further treatment could be pro-
vided other than simply a matter of waiting for 
the area to resolve. The patient was warned that 
the altered sensation affecting the right lip should 
improve over time although not guaranteed. A 
further review was recommended 2 weeks later at 

which time some minor ulceration was noted in 
the lower lip region (Fig.  5.14 ). The swelling had 
completely resolved and the some sensation had 
returned to the lower lip. The patient was advised 
to return to the endodontist for further manage-
ment of tooth 44.

   Following a 4-week period after the initial inci-
dent the patient was seen for endodontic assess-
ment and treatment. Mild soft tissue scarring was 
noted in the lower right labial segment. Altered 
sensation was noted in the lower right lip and chin 
region. Radiographic examination confi rmed pre-
vious endodontic access in tooth 44. An intact 
periodontal ligament space was noted. A second 
radiograph confi rmed misaligned access with 
likely perforation resulting in extrusion of hypo-
chlorite into the surrounding soft tissues 

a b c d

e f

  Fig. 5.14    Clinical photographs demonstrating soft tissue 
reaction following a sodium hypochlorite accident associ-
ated with non-surgical root canal treatment of tooth 44. 
Note ( a ) swelling 6 h after incident, ( b ) 24 h, ( c ) 3 days 

and ( d ) 5 days. ( e ) Ulceration associated with  lower right 
lip  1 week after the incident. ( f ) Altered lip and chin sen-
sation mapped out. Note also facial swelling has resolved 
completely after 2 weeks       
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(Fig.  5.15 ). Options and prognosis for the tooth 
were discussed with the patient, who was keen to 
try and retain the tooth if possible. A treatment 
plan was formulated with the patient to non-surgi-
cally root treat the tooth with internal perforation 
repair if amenable. Removal of the temporary res-

toration revealed bleeding from within the coronal 
aspect of the tooth. Following irrigation with 
saline a buccal perforation was confi rmed. Access 
preparation was refi ned and the necrotic root canal 
system located. Initial canal preparation was 
completed using 0.2 % chlorhexidine solution. 

a b c

d

g h i

e f

  Fig. 5.15    Clinical radiographs and photographs demon-
strating non-surgical management of tooth 44 and perfo-
ration repair following sodium hypochlorite extrusion 
injury. Note ( a ) Preoperative parallel radiograph demon-
strating initial access cavity. ( b ) Horizontal tube shift 
radiograph demonstrated off-centre access cavity prepara-
tion which had led to extrusion of sodium hypochlorite on 
the labial aspect. ( c ) Initial access preparation confi rmed 
bleeding and perforation site on the buccal aspect of the 
tooth. ( d ,  e ) IAF and MAF radiographs. Chlorhexidine 
0.2 % solution was used for irrigation at this point to pre-
vent any further hypochlorite extrusion and injury. 
Following preparation, a gutta-percha master cone was 

placed in the canal and sealed below the canal orifi ce prior 
to perforation repair. ( f ) Placement of bioceramic putty 
restoration into the perforation site. ( g ) Completed repair 
of the buccal perforation site. The gutta-percha cone was 
removed, irrigation of the canal system completed with 
sodium hypochlorite solution prior to intra-canal calcium 
hydroxide medicament placement and temporization. The 
patient was reviewed at 4 weeks and obturation com-
pleted. ( h ) Note completed root canal therapy, repair of 
perforation site and overlying Biodentine coronal restora-
tion. ( i ) A 6-month review radiograph demonstrating 
asymptomatic tooth 44 restored with a cast cuspal cover-
age restoration       
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Following canal preparation gutta-percha was 
temporarily placed and sealed just below the canal 
orifi ce to prevent the risk of perforation repair 
material inadvertently sealing the canal system. 
Haemorrhage was controlled using a cotton wool 
pledget soaked in 1 % sodium hypochlorite solu-
tion and pressure. A bioceramic restoration was 
placed at the perforation site, gutta-percha 
removed, intra-canal  calcium hydroxide medica-
ment placed with an overlying double seal tempo-
rary restoration (Cavit/GIC). The patient was 
reviewed 4 weeks later. At the review appoint-
ment the patient had remained asymptomatic. The 
altered sensation in her lower lip was still present 
but had been improving. The patient was reas-
sured that in all likelihood her lip sensation should 
return to normal over time. No abnormal peri-
odontal probing was detected on the buccal aspect 
below the gingival margin.

   Access was gained and the perforation site 
was examined under the dental operating micro-
scope and the repair was deemed satisfactory 
with no further bleeding at the site. Obturation of 
the root canal system was completed using a 
warm vertical compaction technique and AH 
plus cement. A biodentine restoration was placed 
in the access cavity to provide an additional seal. 
The patient was advised to see her general dental 
practitioner for a fi nal coronal cast cuspal cover-
age restoration and continue follow-up appoint-
ments with the maxillofacial surgeon with regards 
to her altered sensation (Fig.  5.15 ).  

  Case 5.2     Root canal treatment of tooth 45 with 
an acute apical curvature 

 A 45-year-old fi t and healthy patient was 
referred for endodontic management of tooth 45. 
The patient had presented to her general dental 
practitioner with a draining sinus in relation to 
this tooth. A referral was made due to the unusual 
root appearance and apical curvature in the tooth. 
A provisional diagnosis of chronic apical peri-
odontitis with suppuration was made. Access 
cavity was prepared confi rming a necrotic root 
canal. The root canal space was initially explored 
using a 10K stainless steel hand fi le. An acute 

apical curvature was confi rmed with a second 
S-shaped curvature in the apical 3 mm. Patency 
was maintained throughout and chemomechani-
cal preparation was carried out to the second 
curve using 1 % NaOCl solution and stainless 
steel hand fi les. The preparation was completed 
using rotary fi les. Due to the acute apical curva-
ture, a decision was made to maintain the last 
3 mm of the apical preparation using hand fi les 
only. Additional sonic irrigation was carried out 
using the EndoActivator. A fi nal rinse of saline 
followed by 17 % EDTA was used prior to medi-
cament placement. An intra-canal medicament of 
calcium hydroxide paste was placed and the 
patient reviewed a week later (Fig.  5.16 ).

   At the review appointment the patient remained 
asymptomatic. Clinical examination confi rmed 
the draining sinus had resolved. A further appoint-
ment was scheduled for obturation. Obturation 
was completed using AH plus cement and gutta-
percha using System B and Obtura. Prior to obtu-
ration the canal system was washed with 1 % 
NaOCl, normal saline and then 17 % EDTA. The 
canal space was dried using paper points prior to 
cone-fi t placement and radiographic verifi cation. 
Following the down- packing sealer extrusion was 
noted confi rming patency. The obturation was 
back-fi lled using Obtura. A double temporary seal 
of IRM and glass ionomer cement was placed as 
an interim restoration. The patient was scheduled 
to see her general dental practitioner for placement 
of a cast cuspal coverage restoration (Fig.  5.17 ).

   Anatomical complexities such as S-shaped 
or bayonet-shaped canals can be challenging 
due to the presence of two curves, with the api-
cal curve being subjected to anatomical devia-
tion and loss of working length. Constant 
recapitulation with small fi les and frequent irri-
gation is necessary to prevent both blockage 
and ledging in the apical curve. Use of master 
apical fi le sizes larger than 25 should be avoided 
in most cases to prevent stripping and ledging 
in the apical curvature. Copious irrigation must 
always be used during canal penetration, 
debridement, cleaning and shaping. Use of 
small fi les with short amplitude strokes can be 
useful to ensure irrigant is introduced into the 
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a

c d

b

  Fig. 5.16    Clinical radiographs demonstrating non- 
surgical root canal treatment of tooth 45. Note ( a ) preop-
erative radiograph demonstrating large peri-radicular 
radiolucent lesion with the periapex of tooth 45 ( dotted 
red line ). An acute apical curvature is noted. ( b ) A gutta- 
percha sinus tracing radiograph was tracked to this lesion. 
A diagnosis of chronic apical periodontitis with suppura-

tion 45 was made. ( c ,  d ) Initial apical fi le x-rays showing 
working length and acute apical curvature. The last 3 mm 
of the root canal space could only be negotiated with a 
stainless steel K fi le #10. Patency was maintained and 
copious irrigation was used with 1 % NaOCI solution. It 
was vital for the irrigation to penetrate this area and 
debride adequately to ensure the sinus resolves       
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a

c d

b

  Fig. 5.17    Clinical radiographs demonstrating non- 
surgical root canal treatment of tooth 45. Following com-
pletion of chemomechanical preparation using rotary fi les 
an intra-canal medicament of calcium hydroxide was 
placed. The patient was reviewed 1 week later and the 
sinus had healed. A further appointment was scheduled 
for obturation of the case. Note ( a ) cone-fi t radiograph, 

( b ) mid-fi ll radiograph, ( c ) back fi ll and ( d ) post-operative 
view. The fi nal obturation is a mirror-image of the prepa-
ration technique and irrigation protocol that not only 
serves to reduce the bacterial load but also penetrate areas 
of canal space that instruments are not capable of 
reaching       
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apical curvature where conventional mechani-
cal preparation may be limited.  

  Clinical Hints and Tips for Endodontic 

Irrigation 

•     In primary root canal treatments, the use of 
1–5.25 % sodium hypochlorite solution 
(NaOCl) is the fi rst choice endodontic irri-
gant primarily due to its tissue-dissolving 
ability and antimicrobial activity.  

•   In the context of re-treatment, use of either 
or both 2 % chlorhexidine and 2 % iodine 
4 % potassium iodide may be indicated.  

•   When using a combination of irrigants, the 
clinician must be aware of the possible pre-
cipitates that can form. Thorough washing 
out of the irrigant previously used with 
saline should avoid this occurrence.  

•   Smear layer removal is carried out with a 
combination of NaOCl and EDTA to 
remove both organic and inorganic 
products.  

•   Manual agitation with a gutta-percha cone 
is the simplest step that should be under-
taken during irrigation procedures. Use of 
sonic, ultrasonic or negative pressure 
devices are useful adjuncts to ensure opti-
mal disinfection.  

•   Extrusion of NaOCl into the periapical tis-
sues can cause severe injury the patient. 
Steps to minimize NaOCl accidents include 
needle placement short of working length, 
needle placement to fi t loosely within the 
canal and not wedged in, irrigation fl ow rate 
with gentle pressure (do not use thumb to 
inject but palm of hand), constant moving of 
the needle in an up and down motion to 
ensure wedging does not occur, use of side-
venting needles to reduce the possibility of 
forcing irrigant beyond the apex and using 
negative pressure devices such as EndoVac.  

•   Treatment of NaOCl accidents is palliative 
and consists of observation of the patient as 
well as prescribing antibiotics and analge-
sics. Prompt referral may be necessary in 
cases of bone necrosis or swelling which 
can compromise the airway.         
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    Summary  

  Disinfection of the root canal system in primary root canal treatments and 
retreatments is restricted due to the anatomical complexities, dentinal 
structure and limitations associated with chemical disinfection. 
Furthermore resident endodontic microorganisms form complex biofi lm 
structures that afford therapeutic resilience to conventional chemical, 
mechanical and antimicrobial treatments. The use of an intra-canal medi-
cament is an indispensable adjunct after completion of chemo-mechani-
cal instrumentation of the infected pulp space. It primarily serves to 
augment disinfection of the root canal system further reducing the intra-
canal biofi lm load. To date no current method of disinfection can reliably 
remove or inactivate all microorganisms from within the root canal. 
Novel methods of disinfection continue to evolve including the recent 
investigation of using various antibacterial nanoparticles. These potential 
therapeutic treatment strategies are aimed at further improvements and 
ultimate elimination of biofi lm that is responsible for sustaining 
 peri-radicular disease.  

    Clinical Relevance    

 Placement of antimicrobial agents in the pulp 
space following chemomechanical prepara-
tion has long been a practised technique in an 
effort to reduce the bacterial content of the 

root canal system. Common intra-canal dress-
ings include calcium hydroxide, Ledermix, 
chlorhexidine and iodine potassium iodide. 
Direct contact with the root canal walls in the 
very apical portion of the pulp space is criti-
cal for the effectiveness of the chosen antisep-
tic. Controversy remains with regard to 
single- or multiple-visit treatment, but the 
additional use of appropriate antimicrobial 
inter- appointment dressings appears to sup-
port the notion of multi-treatment visits par-
ticularly in cases of endodontic revision 
(retreatment).  

        B.   Patel ,  BDS MFDS MClinDent MRD MRACDS      
  Specialist Endodontist ,  Brindabella Specialist Centre , 
  Canberra ,  ACT ,  Australia   
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6.1     Overview of Medicated 
Intra-pulpal Dressings 

 Intra-canal medicaments should only be used for 
root canal disinfection as part of controlled asepsis 
in infected root canals, and their role is secondary 
to cleaning and shaping of the root canal [ 1 ]. 
Mechanical removal of infectious debris using 
hand or rotary instrumentation and chemical 
cleansing with a bactericidal solution (sodium 
hypochlorite) destroys and reduces the numbers of 
microbes present in an infected root canal. Further 
use of antimicrobial  inter- appointment dressings 
serves to reduce microbial numbers further and pre-
vents recolonisation during the interim period prior 
to obturation. Although no treatment strategy is 
currently 100 % effective at eliminating all bacte-
ria, careful adherence to these steps is key to ensur-
ing success and reducing microbial numbers to 
levels conducive to healing. Traditionally endodon-
tic treatment has therefore been divided into two or 
more appointments before completion of treatment 
and placement of a permanent root fi lling. 

 Single-visit treatments are however regarded 
as an accepted approach to root canal treatment, 
where no intra-canal medicaments are included in 
the treatment protocol. Two systematic reviews 
have corroborated the fi ndings that there is no sta-
tistical difference in success rates between single- 
and multiple-visit endodontics [ 2 ,  3 ]. Proponents 
of single-visit therapies claim many advantages 
including no difference in treatment outcomes 
when compared to multi-visit treatments, less 
time-consuming, less cost to the patient, less post-
operative pain and potentially more profi t for the 
dentist [ 4 – 9 ]. Often the advocates for providing 
such treatments are based on exclusion criteria 
that have no scientifi c basis including sugges-
tions, single-visit treatments are provided on the 
time available for treatment [ 7 ] and that multi-
rooted teeth should be excluded and reserved for 
“teeth in my practice, which could be conve-
niently treated in a single visit” [ 10 ]. 

 Strict selection criteria for whether teeth are 
amenable to single- or multiple-visit treatment 
should be based on underlying pathology and 
whether the tooth is vital with sterile necrosis or 
necrotic and often infected. The argument for 
completing the endodontic case in a single visit 

appears to favour the former where the goal of 
treatment is to prevent bacterial invasion of the 
sterile root canal space and avoid the unnecessary 
use of additional inter-appointment dressings to 
eliminate bacteria that are not present. Currently 
there is no diagnostic tool available that is 100 % 
reliable, sensitive and specifi c in confi rming the 
true pulpal status and whether bacteria are present 
prior to treatment. Even the gold standard of his-
topathological examination of the pulp lends itself 
to critique depending on the number and type of 
sections examined. It may therefore be sensible to 
reserve single-visit treatments to those cases 
where elective root canal procedures are under-
taken. The prerequisite for success is based solely 
on an aseptic vital pulp extirpation and subse-
quent obturation with the goal of contamination 
prevention of the root canal space as a priority. 

 The aims of treating an infected pulp are the 
goal of either prevention or treatment of apical 
periodontitis and more specifi cally prevention or 
elimination of a microbial infection in the root 
canal system. Technically this is achieved by 
instrumentation and irrigation to remove all 
necrotic and vital organic tissue giving the canal 
system a shape that allows easy debridement and 
predictable placement of locally used medica-
ments and a permanent root fi lling of high quality. 
Microbiologically instrumentation and irrigation 
is aimed at removing and/or killing all microor-
ganisms within the root canal system. If this goal 
could be predictably achieved at the fi rst appoint-
ment, then time permitting, all cases could be 
completed in a single visit appointment. 
Mechanical instrumentation and irrigation alone 
cannot ensure complete bacterial reduction in the 
infected root canal. Byström and Sundqvist mea-
sured the reduction in bacterial counts cultured 
from infected root canals following hand stainless 
steel instrumentation under irrigation with physi-
ological sterile saline solution. Fifteen necrotic 
root canals with periapical lesions were instru-
mented at fi ve sequential appointments. The 
access cavities were sealed between appointments 
with a bacteria-tight temporary restoration, but 
the canals were left empty with no antibacterial 
dressing. A substantial reduction in bacterial 
numbers occurred (1000-fold) but achieving bac-
teria-free root canals proved diffi cult. After fi ve 
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appointments, seven of the 15 canals still had cul-
tivable bacteria [ 11 ]. The persistence of bacteria 
despite the use of chemomechanical techniques 
(rotary or stainless steel instrumentation) was 
supported by the fi ndings from a microscopic 
study which revealed the presence of residual bac-
teria in 14 out of 16 amputated mesial roots of 
molar teeth immediately following single-visit 
treatment using stringent canal decontamination 
protocol with sodium hypochlorite and EDTA as 
the canal irrigants [ 12 ]. The fate of these persis-
tent bacteria following obturation of the canal 
system and provision of coronal restoration has 
not been followed. Additional use of an antimi-
crobial irrigant further reduces but does not com-
pletely eliminate bacterial loads [ 13 ,  14 ]. Since 
complete eradication of root canal microorgan-
isms cannot be predictably achieved, the place-
ment of an antibacterial inter-appointment 
dressing is aimed at enhancing the disinfection of 
the root canal system further [ 15 ]. 

 A medicament is an antimicrobial agent that is 
placed inside the root canal system between treat-
ment appointments in an attempt to destroy remain-
ing microorganisms and prevent reinfection. 
Medicaments used for inter- appointment intra-
canal disinfection include calcium hydroxide, phe-
nolic and non-phenolic biocide compounds (phenol, 
paraphenol, camphorated parachlorophenol, cresol, 
formocresol, creosote, cresatin and cresonol), halo-
gens (iodine solution), corticosteroids, antibiotics, 
sulphonamides, eugenol, chlorhexidine, a mixture 
of calcium hydroxide and chlorhexidine, medicated 
gutta-percha and bioactive glass [ 16 ]. 

 Several disinfecting agents used in endodon-
tics that are rapidly able to kill microbes when 
tested in vitro are clearly weaker and less effective 
in the in vivo situation. Studies have used dentin 
powder, chips and blocks and have also used com-
ponents of dentine, such as hydroxyapatite and 
serum albumin to test the antibacterial effective-
ness against common intra-canal irrigants and 
medicaments. Most results indicate that interac-
tions between medicaments and dentine seem to 
have a negative impact on the medicament perfor-
mance. This is speculated to be a result of both the 
organic and inorganic components of dentine: the 
presence of a hydration layer in the hydroxyapa-
tite allows changes in the chemical microenviron-

ment with the exchange and absorption of ions, 
and dentinal collagen is relatively insoluble in 
acid and neutral solutions compared to collagen 
from other sources [ 17 ,  18 ]. 

 Calcium hydroxide has been included within 
several materials and antimicrobial formulations 
that are used in a number of treatment modalities in 
endodontics including intra-canal medicaments. 
Pure calcium hydroxide paste has a high pH 
(approximately 12.5–12.8) and is classifi ed as a 
strong base, which prevents the growth and sur-
vival of bacteria. Its main antibacterial actions are 
achieved through the ionic dissociation of  Ca2+

   
and  OH -

   ions resulting in bacterial cell protein 
denaturation and damage to DNA and cytoplasmic 
membranes. It has a wide range of antimicrobial 
activity against common endodontic pathogens but 
is less effective against  Enterococcus faecalis  and 
 Candida albicans  [ 19 – 21 ].  E. faecalis  has been 
reported to withstand the high pH of calcium 
hydroxide due to a functioning proton pump with 
the ability to acidify the cytoplasm increasing it 
chances of survival [ 22 ]. A 10-minute application 
of calcium hydroxide does not reduce viable bacte-
rial counts in infected root canals, whilst a 1-week 
application has a major effect [ 23 ]. Ideally calcium 
hydroxide suspension should be applied for the 
interim and administered as thin slurries using a 
spiral-type fi ller [ 24 ]. Thin slurries enable ionic 
(calcium and hydroxyl ions) fl ow, which is only 
possible in an aqueous environment responsible for 
the calcium hydroxide effect. To remove the cal-
cium hydroxide at the initiation of the second visit, 
calcium-chelating agents can be used (see Fig.  6.1 ). 
Agitation of the chelating agent using the master 
apical fi le size or an ultrasonic or sonic instrument 
can further enhance the removal of calcium 
hydroxide deposits within the canal system [ 25 ].

   Intra-canal medicaments and the use of phe-
nolic and non-phenolic biocide compounds have 
been used for chemical fi xation of tissue rem-
nants remaining after canal preparation. The con-
cept of using chemical fi xatives was the treatment 
modality when endodontic instruments and tech-
niques were less well developed. Due to anatomi-
cal ramifi cations of the root canal system, poor 
penetration of fi xatives, irritation and toxicity 
and carcinogenic potential, these types of medi-
caments should not be used [ 1 ]. 
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 Iodine has been used for many years and is 
known for its bactericidal and fungicidal 
properties. The two most common preparations 
used in dentistry are iodine tincture (5 % in 

alcohol) and iodine potassium iodide (2 % iodine, 
potassium iodide 4 % and distilled water 94 % 
(2 % IPI 4 %)). The former solution is used for 
the disinfection of endodontic surgical fi elds, 
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  Fig. 6.1    Clinical radiographs demonstrating long-term 
calcium hydroxide dressing placement in teeth 31 and 41. 
A fi t and healthy 27-year-old female patient was seen for 
endodontic consultation regarding management of teeth 
31 and 41. The patient had previously seen her general 
dental practitioner who had started root canal therapy but 
was unable to achieve dry canals. The patient was then 
referred to an oral maxillofacial surgeon regarding 
apicectomy procedures. The patient was not keen on a 
surgical approach and decided to seek a second opinion. 
At time of consultation, the patient was asymptomatic. 
Clinical examination confi rmed both teeth 31 and 41 had 
intact lingual access cavities. Radiographic examination 

revealed a periradicular radiolucent lesion associated with 
the periapices of teeth 31 and 41. Nonsurgical root canal 
treatment was commenced, and a decision was made to 
place long-term calcium hydroxide dressings that were 
replaced at 3 monthly intervals. Note ( a ) preoperative 
view. ( b ) Following chemomechanical debridement and 
intra-canal dressing, calcium hydroxide was placed. ( c ) 
Three-month review demonstrating periapical healing. 
The dressing was replaced in both teeth. ( d ) Six-month 
review demonstrating further healing. Calcium hydroxide 
was placed in a thin slurry using Lentulo spiral fi llers. At 
the redress appointment, the calcium hydroxide was 
removed using ultrasonic agitation and 17 % EDTA       
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whilst the latter has proven useful as an intra- 
canal medicament. 2 % IPI 4 % has been used in 
re-treatment cases for its effectiveness in killing 
 E. faecalis  [ 26 ] and  C. albicans  [ 27 ]. 

 Antibiotic pastes have been used as intra-canal 
medicaments, and the two commonest antibiotic- 
corticosteroid- containing commercial prepara-
tions include Ledermix™ paste and Septomixine 
Forte™. Ledermix paste is a glucocorticoid anti-
biotic compound that was developed by Schroeder 
and Triadon in 1960. It is used to control pain and 
infl ammation. The sole reason for adding the 
antibiotic component to Ledermix was to com-
pensate for what was perceived to be a possible 
corticoid-induced reduction in the host immune 
response. Today Ledermix paste remains a 
combination of the tetracycline antibiotics, 
demeclocycline, HCL (at a concentration of 
3.2 %) and a corticosteroid triamcinolone ace-
tonide (concentration 1 %) in a polyethylene 
glycol base. A 50:50 mixture of Ledermix 
paste with calcium hydroxide has also been 
advocated as an intra-canal medicament in 
cases of infected root canals and pulpal  necrosis 
(see Fig.  6.2 ) [ 28 ].

   Chlorhexidine digluconate (CHX) has been 
recommended as an intra-canal medicament used 
as either CHX gel (2 % weight/volume) or a 
mixture of CHX and calcium hydroxide. CHX 
has a wide range of antibacterial activity (both 
anaerobes and aerobes), antifungal activity 
(candida species) and substantive properties. Its 
ability to absorb onto dentine, preventing 
microbial colonisation for some time beyond the 
actual medication period is an obvious advantage. 
The basis for mixing chlorhexidine with calcium 
hydroxide was on the speculation that it would be 
more effective against  E. faecalis  and  C. albicans  
and in particular as a disinfectant during 
retreatment of failed endodontic cases [ 26 ,  27 , 
 29 – 31 ]. 

 Bioactive glass (BAG) contains calcium, 
phosphorus, sodium and silicon in a proportion 
that provides the material with surface activity 
and the ability to bond with mineralised hard 
tissue such as the bone or dentine. In an aqueous 
environment, BAG liberates Ca, Na, PO4 and Si, 
causing an increase in pH and osmotic pressure 

that results in an indirect antimicrobial effect. It 
has also been reported to chemically bond with 
mineralised tissues giving rise to a Si-rich layer 
that acts as a template for calcium phosphate 
precipitations. Due to its biocompatibility and 
antimicrobial activity (enhanced when in direct 
contact with dentine) makes BAG a possible 
alternative to calcium hydroxide inter- 
appointment dressings in the future [ 17 ,  32 ]. 

 Application of nanoscaled antimicrobials to 
control oral infections, as a function of their 
biocidal, anti-adhesive and delivery capabilities, 
is of increasing interest. Future developments are 
likely to concentrate on those nanoparticles with 
maximal antimicrobial activity and minimal host 
toxicity. Although certain nanoparticles may be 
toxic to oral and other tissues, the surface 
characteristics of a given particle will help to 
determine whether or not it will have potential 
for oral applications with particular respect to 
biofi lm formation [ 33 ].  

6.2     Inter-appointment 
Application and Removal 
of Medicaments 

 Antibacterial intra-canal medicament is used to 
help eliminate any residual bacteria that have not 
been removed following canal preparation. 
Furthermore studies have shown that during the 
period between appointments, bacteria that 
survive instrumentation and irrigation have been 
shown to rapidly increase in numbers in empty 
root canals. A number of techniques have been 
proposed for the placement of intra-canal 
medicament with varying results in terms of 
effectiveness in fi lling the root canals (Table  6.1 ).

   Placement of the intra-canal medicament such 
as calcium hydroxide within the root canal 
system requires special attention in order to 
completely fi ll the root canal space with minimal 
apical extrusion. The material needs to be placed 
in direct contact with the dentinal walls to ensure 
both direct and indirect modes of action. The 
following protocols are recommended to ensure 
safe and optimal placement of any intra-canal 
medicament (see Figs.  6.3 ,  6.4  and  6.5 ):
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       1.    Chemomechanical preparation of the root 
canal system needs to be completed. If the root 
canal system is not well instrumented or irri-
gated, then the dressing will not be effective.   

   2.    Optimal canal enlargement is a prerequisite for 
intra-canal medicament placement ensuring.   

   3.    A lentulo #25 or #40 depending on master 
apical fi le size can be selected and coated with 
either calcium hydroxide paste or other medi-
cament of choice.   

   4.    The lentulo paste carrier is then passed to 
either 1 mm short of the binding point or 3 mm 
short of the working length at 800–1000 rpm. 
The fi le can be passed up to three times or until 
extrusion of calcium hydroxide paste is evi-
dent through the coronal canal orifi ce. Care 
must be taken in cases with extensive apical 
resorption or large open apices to avoid apical 
extrusion. Extremely curved canals or narrow 
canals require particular attention and care to 
avoid inadvertent fi le separation.   

   5.    A radiographic fi lm can be taken to assess qual-
ity of fi ll and whether any extrusion has occurred. 
In the latter the patient should be warned of pos-
sible post-operative pain and sequelae.    

  Prior to obturation of the root canal system, 
intra-canal medicament such as calcium 
hydroxide must be removed, since the presence 
of any remnants of dressing can impede the 
penetration of root canal sealers into the dentinal 

  Fig. 6.2    Clinical photographs showing ( a ) calcium hydroxide dressing, ( b ) Ledermix dressing (antibiotic and 
corticosteroid), and ( c–d ) 50:50 mixture of calcium hydroxide/Ledermix       

   Table 6.1    Methods for placement of intra-canal 
medicament   

 K fi les/reamers 
 Absorbent paper points 
 Gutta-percha cones 
 Amalgam carriers 
 McSpadden compactors 
 Lentulo spiral fi llers 
 Ultrasonic fi les 
 Syringe and needles 
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tubules and obstruct the bonding of resin sealers 
to dentine (Fig.  6.4 ). Effectiveness of removal 
relies on the use of a combination of irrigation 
(sodium hypochlorite and EDTA) with the use of 
hand, rotary or ultrasonic instrumentation. 
Furthermore, the use of patency fi ling improves 
the effi cacy of calcium hydroxide paste removal.  

6.3     Recommended Medicament 
Regimens 

 Intra-canal medicaments are used for root canal 
disinfection and their role is secondary to clean-
ing and shaping procedures. Intra-canal medica-
ments have been used for a variety of purposes 
including elimination of remaining bacteria after 

root canal instrumentation, an aid to reducing 
infl ammation of the periapical tissues, an aid to 
rendering root canals inert and further neutralis-
ing any remaining tissue debris within the canals, 
to act as a barrier to further bacterial ingress that 
may arise from the temporary restoration and to 
help dry wet, purulent canals. No ideal root canal 
material exists to date, which can fulfi l all the 
desired properties a medicament should fulfi l 
(see Table  6.2 ).

    Calcium Hydroxide  
 This material has been well accepted as an 

effective intra-canal medicament that is not only 
effective against most root-canal bacteria but also 
has the ability to degrade residual organic tissue 
remnants not removed from initial 
chemomechanical preparation procedures. 

a b c

d e f
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  Fig. 6.3    Clinical radiographs and photographs demon-
strating methods of placing intra-canal inter- appointment 
medication. Note ( a ) preoperative radiograph showing 
C-shaped canal anatomy associated with tooth 47 which 
required endodontic treatment following recent crown 
placement, ( b ) intra-canal medication using K-fi le, 

( c ) intra-canal medication using spiral fi llers, ( d–f ) spiral 
fi llers #40 and #25 in 21 mm. The spiral fi ller is used 
1 mm short of working length to minimize extrusion 
 apically. ( g–i ) Method using K-fi les. The K-fi le is inserted 
into the canal in an anticlockwise direction to working 
length       
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Furthermore, calcium hydroxide inhibits micro-
bial growth from within canals. Its antibacterial 
effect is due to its alkaline pH. 

 It can be placed as either a dry powder, a 
powder mixed with liquid such as water, saline, 

local anaesthetic, a sodium hypochlorite solu-
tion or as a proprietary paste in a syringe. Due 
to its low solubility, it can exert a lasting effect 
with slow dissolution over time. Advantages of 
using this material include its relative in 

a b c d

gfe

  Fig. 6.4    Clinical radiographs and photographs demon-
strating multi-visit root canal treatment (two visits) using 
an intra-canal calcium hydroxide medicament for 3 weeks 
duration. Note ( a ) preoperative fi lm, ( b ) master apical fi le, 
( c ) intra-canal medicament placed using spiral fi ller tech-
nique, ( d ) postoperative fi lm using chloroform dip/warm 

vertical compaction using AH Plus cement and Obtura. 
Remnants of calcium hydroxide medicament were removed 
using a combination of irrigation using NaOCl and EDTA 
and mechanical re-instrumentation. ( e ) Access preparation, 
( f ) chemomechanical preparation using 1 % NaOCl solu-
tion, and ( g ) intra-canal medicament placement       

  Fig. 6.5    Clinical radiographs showing ( a ) preoperative 
view of tooth 36. ( b ) Working length radiograph and ( c ) 
intra-canal inter-appointment medicament of calcium 
hydroxide. Note medication was placed using a spiral 

fi ller. Some extrusion has occurred confi rming apical 
patency. The medication will be resorbed over time. 
Excessive extrusion should be avoided since there is 
potential risk of tissue reaction       
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expense, simplicity in placement and nonstain-
ing of teeth. It has also been cited as a method 
to control “weeping canals” resulting in the 
drying out of any exudate that may arise from 
the periapical tissues. A major disadvantage is 
related to extrusion of the material into the peri-
apical tissues that can result in severe pain and 
localised tissue necrosis (especially if large 
amounts have been extruded). Small amounts 
that are extruded are of no real concern and it 
should resorb over time (Fig.  6.6 ). Some clini-
cians prefer to mix it with a steroid paste to 
reduce any post-operative discomfort (Fig.  6.7 ).

    Its use is not only confi ned to treating necrotic 
infected cases but also utilised as an aid to form-
ing a hard tissue calcifi c barrier. Teeth with 
immature apices, apexogenesis, perforation 
repairs and horizontal root fractures have all ben-
efi ted from its use. In infected cases, thin slurries 
are preferred which enable ionic fl ow (calcium 
and hydroxyl ions), which is only possible in an 
aqueous environment. In cases where the primary 
aim is to create a hard tissue barrier as opposed to 
disinfection, then thicker pastes are preferred 
whereby the material can be compacted against 
the periapical tissue thereby increasing its effec-
tiveness to induce localised necrosis rather than 
being washed away. 

 In endodontic re-treatment cases, there has 
been some concern in the literature as to its 
resistance to  Enterococcus faecalis  directly 
related to a proton pump mechanism, which 
inactivates the alkaline medicament. 

 As a routine intra-canal medicament, its 
duration of use should be a minimum of 14 days 
that can be extended depending on the case. 
Research has shown that calcium hydroxide takes 
3–4 weeks to increase the pH of outer dentine. 
The maximum time of use will be depending on 
the pathological condition being treated and the 
medicament being used. Long-term calcium 
hydroxide dressings have fallen out of favour, 
particularly in the treatment of immature teeth, 
where there is a risk that the underlying 
mechanical properties of dentine can be changed 
rendering the tooth weaker and more susceptible 
to fracture. In addition, the advent of single-visit 
mineral trioxide aggregate (MTA) apexifi cation 
procedures has meant that a predictable result 
can be gained without prolonged treatment 
appointments – a benefi t for both clinician and 
patient. 

 Calcium hydroxide can be removed from the 
canal using irrigants such as saline, sodium 
hypochlorite solution and EDTA. As discussed 
previously, the use of patency fi ling, ultrasonic 
activation and irrigation are highly effective at 
removing any traces of the dressing from within 
the tooth. 

  Corticosteroids  
 Steroid preparations have been advocated for 

the use as intra-canal medicaments mainly due to 
their ability to provide pain relief and anti- 
infl ammatory actions. Reduction of post- 
operative pain may be particularly useful when 
treating irreversible pulpitis or symptomatic api-
cal periodontitis. Its use has also been advocated 
in the fi eld of dental traumatology, whereby the 
corticosteroid component has been found to 
inhibit external root resorption. Nevertheless, it 
does not possess any antibacterial effects and so 
has been commonly mixed with calcium hydrox-
ide in a 50:50 ratio. Commercially available ste-
roid pastes include Ledermix (3.21 % 
demeclocycline and triamcinolone). Recently 
due to the concerns of potential tooth staining 
associated with the tetracycline component of 

   Table 6.2    Ideal properties of an inter-appointment medi-
cament used in either non-surgical treatment or retreat-
ment cases   

 The ability to eradicate all intra-canal bacteria with a 
long-lasting antibacterial affect 
 Not inactivated when in the presence of organic 
material 
 Ability to degrade residual organic material including 
necrotic pulp tissue remnants and microbial biofi lm 
 Well tolerated and no toxicity or irritation if extruded 
beyond the confi nes of the canal 
 Ability to induce regeneration of the periapical tissues 
 No effect on the physical properties of the temporary 
access restoration or subsequent root canal sealer used 
within the tooth 
 Ease of placement 
 Ease of removal 
 Radiopaque so easily discernible on radiographs 
 Inability to stain the tooth 
 Inability to weaken the tooth 
 Ability to suppress pain if present 
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Ledermix when exposed to light has led to the 
development of an alternative medicament called 
Odontopaste (Australian Dental Manufacturing, 
Kenmore Hills, Australia) that has become com-
mercially available. It is a zinc oxide-based root 
canal paste that contains 5 % clindamycin hydro-
chloride and 1 % triamcinolone acetonide. The 
antibiotic clindamycin provides a bacteriostatic 

activity in addition to the benefi ts of a zinc oxide 
paste. When used as intra-canal medicament, it 
prevents bacteria and temporarily reduces infl am-
mation. It is useful for transient reduction of 
post-operative pain. Mixing of additional cal-
cium hydroxide in a 50:50 combination with 
Odontopaste is not recommended because the 
steroid component becomes ineffective, thereby 

  Fig. 6.6    Clinical radiographs demonstrating nonsurgical 
root canal multi-visit treatment of tooth 42. Note ( a ) 
preoperative radiograph demonstrating large periradicular 
radiolucent lesion associated with the periapex of tooth 
42. ( b ) Working length radiograph prior to carrying out 
chemomechanical debridement of the root canal sys-
tem. ( c ) Radiograph demonstrating homogenous well- 
condensed inter-appointment calcium hydroxide dressing 
with temporary double seal coronally. Note extrusion of 

calcium hydroxide into the surrounding periapex of the 
tooth. ( d ) Following an interim period of 3 months, the 
case was obturated using a warm vertical compaction 
technique. Note there has been some resorption of the 
extruded calcium hydroxide with obvious reduction in the 
size of the periapical lesion. There appears to be some 
sealer extrusion at the periapex; ( e ) 6-month follow-up 
radiograph showing complete resolution of the periapical 
radiolucent lesion. Note extruded sealer still present       
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offering only minimal benefi ts over the use of 
calcium hydroxide alone.  

6.4     Clinical Cases 

  Case 1     Endodontic treatment of tooth 12 with 
long-term calcium hydroxide dressings 

 A 19-year-old fi t and healthy female patient 
was referred for endodontic management of tooth 
12. The patient had initially presented to her 
general dental practitioner with severe pain and 
swelling in relation to tooth 12. The patient lived 
interstate with the nearest specialist endodontist 
(myself) being over 4-h drive away. The general 
dental practitioner therefore attempted to manage 

the case, and the patient was seen for three 
appointments with repeated dressing placements. 
The dentist had found that the canal had a 
persistent exudate of pus upon entry at each 
subsequent visit, and the patient continued to 
remain symptomatic. At the endodontic 
consultation/treatment appointment, obvious 
pain and tenderness were noted in the overlying 
alveolar mucosa. Tooth 12 had an intact palatal 
restoration. Radiographic examination confi rmed 
prior endodontic access with a lucent material 
noted in the canal space (medicament). An 
extensive peri-radicular radiolucency was noted 
(see Fig.  6.8 ). After a lengthy discussion in 
relation to treatment options, a decision was 
made to embark upon non-surgical root canal 

a b c
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  Fig. 6.7    Clinical radiographs and photographs demon-
strating nonsurgical endodontic treatment of tooth 16 
diagnosed as chronic apical periodontitis with suppura-
tion. Note ( a ) preoperative radiograph showing a perira-
dicular radiolucency associated with the mesial root. ( b ) 
Intraoral view of adjacent buccal alveolar mucosa where a 
draining sinus is present. ( c ) Following chemomechanical 
preparation, a well-placed intra-canal medicament of 

Ledermix/calcium hydroxide 50:50 ratio was placed. 
Dressing material can be seen extruding through the 
draining sinus. ( d ) Radiographic view confi rming MB1 
and MB2 intra-canal dressing placement. ( e ) Four-week 
follow-up demonstrating complete healing of the preop-
erative sinus. ( f ) Completion of endodontic treatment with 
a well-obturated canal system and overlying semiperma-
nent coronal restoration       
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treatment. The patient was warned that if the 
tooth remained symptomatic, then a surgical 
approach would be recommended.

   The access restoration was dismantled and 
initial working length established using a con-
ventional electronic apex locator and radio-
graphic verifi cation. An exudate of pus was 
noted at the peri-apex. Chemomechanical 
debridement was carried out using stainless 
steel hand fi les, and the master apical fi le (MAF) 
size was determined to be #90. A 0.5 mm step-
back preparation was carried out and 1 % 
sodium hypochlorite (NaOCl) irrigation used 

throughout. At the end of chemomechanical 
preparation and following drying of the canal 
lumen, a persistent exudate was still present. 
The canal was re-irrigated and dried followed 
by an intra-canal calcium hydroxide medica-
ment placement. A size #40 lentulo spiral fi ller 
was used for placement of the medicament and 
intentionally placed 3 mm short of the working 
length. Despite this precaution and in an aim to 
ensure that the entire canal lumen was fi lled 
with medicament, an overfi ll was noted on 
radiographic examination. The patient was 
warned of the possible risk of post-operative 
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  Fig. 6.8    Clinical radiographs 
demonstrating nonsurgical 
management of tooth 12 with 
a calcium hydroxide 
long-term dressing. Note ( a ) 
preoperative view 
demonstrating prior 
endodontic access and root 
canal treatment initiated by 
the patient’s general dental 
practitioner. The patient had 
been seen on three 
consecutive appointments, but 
the treatment could not be 
completed due to persistent 
intra-canal exudate (pus). 
Note the extensive 
periradicular radiolucent 
lesion in relation to tooth 12. 
( b ) Following 
chemomechanical 
preparation, an intra-canal 
interim calcium hydroxide 
dressing was placed using a 
Lentulo spiral fi ller. Note the 
overfi ll. ( c ) Three-month 
review radiograph 
demonstrating signifi cant 
resorption of extruded 
medicament and periapical 
healing. ( d ) Nine-month 
review appointment showing 
further reduction in apical 
lucency and the patient was 
fi nally asymptomatic       
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pain and discomfort, but the calcium hydroxide 
should resorb over time. The patient informed 
me that she would be moving to Canberra for 
university studies, and I advised her that 3 
monthly reviews would be arranged to monitor 
signs of clinical and radiographic healing. 

 At the 3-month review appointment, the 
patient informed me that she was still aware of 
occasional percussion and palpation tenderness 
in relation to this tooth. Clinical examination 
revealed minor tenderness in the overlying 
alveolar mucosa on palpation. Radiographic 
examination revealed signifi cant resorption of the 
overfi lled calcium hydroxide dressing with some 
medicament still present. The periapical 
radiolucency had diminished in size considerably 
(Fig.  6.8 ). A further follow-up was arranged in a 
further 3 months. Unfortunately the patient was 
unable to return until a further 6 months later. At 
this second review appointment, the patient was 
not aware of any clinical symptoms. Clinical 
examination revealed the tooth was asymptom-
atic with no pain or tenderness on percussion and 
palpation. Radiographic examination revealed 
further evidence of periapical healing and bony 
infi lling (Fig.  6.8 ). The patient was advised to 
return for a further treatment appointment to 
complete the endodontic treatment.  

  Case 2     Endodontic retreatment of tooth 22 with 
long-term calcium hydroxide dressing and surgi-
cal decompression 

 A fi t and healthy 34-year-old female patient 
with a peanut allergy was referred for endodon-
tic retreatment of tooth 22. At the initial end-
odontic consultation appointment, the patient 
reported that this tooth had undergone conven-
tional root canal treatment 6 months earlier but 
had failed to settle down. She was aware of pain 
and discomfort particularly when pressing the 
left alar region of her nose. Clinical examina-
tion confi rmed tooth 23 responded positively to 
both electric pulp testing and thermal stimulus 
(CO2 snow). Radiographic examination con-
fi rmed previous endodontic treatment in tooth 

22. An extensive periapical radiolucency was 
noted at the peri- apex of tooth 22. After a 
lengthy discussion of treatment options, a deci-
sion was made to embark upon root canal 
retreatment of tooth 22. 

 At the fi rst treatment appointment, palatal 
access was gained and refi ned using ultrasonic 
burrs. Gutta-percha root fi lling material was 
removed using a chloroform wicking technique. 
Apical patency was achieved and working 
lengths verifi ed using both electronic and radio-
graphic confi rmation. Chemomechanical prepa-
ration was completed using stainless steel hand 
fi les and 1 % NaOCl solution to an MAF size 
#80. An intra-canal dressing of calcium hydrox-
ide was placed using a combination of hand fi les 
and paper points. Radiographic examination was 
carried out to assess dressing placement reveal-
ing the canal lumen was completely fi lled. An 
overfi ll was also noted beyond the confi nes of 
the canal. The patient was warned of the possible 
risk of post-treatment pain and discomfort but 
reassured that the dressing should dissipate over 
time. No post-operative complications occurred 
(Fig.  6.9 ).

   At the 3-month review period, the patient was 
still aware of pain and tenderness in relation to 
her left alar region. A decision was made to refer 
the patient for a cone beam CT (CBCT) scan to 
determine the extent of the pathology and whether 
a surgical approach would be feasible. The 
patient was referred to a local imaging centre for 
a dental CBCT of the maxillary jaw only to 
reduce the amount of radiation exposure for the 
patient. The CBCT report presented by a radiolo-
gist stated that a “periapical lucency had caused 
marked thinning of both buccal and palatal corti-
cal plates and was in close proximity to the fl oor 
of the left nasal fossa”. The scan also confi rmed 
extruded calcium hydroxide medicament within 
the lesion as seen 3 months earlier following 
medicament placement (Fig.  6.10 ).

   After a further discussion with the patient, a 
decision was made to consider surgical 
decompression of the lesion in order to relieve 
the patient’s symptoms and also allow the lesion 
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to diminish in size such that any further planned 
surgical intervention may be permissible with 
less associated risks. A further appointment was 
then scheduled for the patient. 

 After infi ltration anaesthesia, a vertical inci-
sion of approximately 5 mm was made in the 
alveolar mucosa above teeth 22 and 23. Blunt 
dissection was carried out to the underlying corti-
cal buccal plate, and the exact position of the 
underlying defect was determined. A pre-fi tted 
1 cm long segment of a nasal oxygen cannula was 

adapted, inserted into the incision to the level of 
the underlying bony crypt and stabilised with two 
silk 5.0 sutures (Fig.  6.10 ). The cavity was then 
copiously rinsed with saline and a radiographic 
fi lm taken to check. The radiograph showed that 
the overfi lling of calcium hydroxide medicament 
had been removed (Fig.  6.9 ). The patient was 
advised to irrigate the lesion using sterile saline 
herself, and further reviews were scheduled to 
ensure that continued healing occurred without 
further complications.  
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  Fig. 6.9    Clinical 
radiographs demonstrating 
nonsurgical root canal 
re-treatment of tooth 22 
and surgical 
decompression. Note ( a ) 
preoperative fi lm showing 
previous root fi lling with 
persistent periapical 
lucency. The patient had 
undergone root canal 
treatment 6 months earlier, 
but symptoms related to 
pain and tenderness in the 
left alar region persisted. 
( b ) MAF radiograph 
following removal of 
previous gutta-percha and 
chemomechanical 
preparation using stainless 
steel hand fi les using a 
step-back preparation. ( c ) 
Immediate postoperative 
radiograph following 
placement of calcium 
hydroxide medicament. 
( d ) Radiograph taken 
immediately following 
surgical decompression 
procedure and irrigation of 
the periapical lesion using 
sterile saline. Note all the 
previous medicament 
overfi lling has been 
removed       

 

B. Patel



143

  Clinical Hints and Tips Regarding Intra-canal 

Medicaments 

•      Rationale for using intra-canal 
medicaments  
 The use of antimicrobial intra-canal medi-
caments has been advocated to disinfect 
the root canal system. The primary aim of 
root canal therapy is to reduce or eliminate 
microorganisms and their by-products 
from the root canal system. Thorough 

 chemomechanical debridement using a 
number of instrumentation and irrigation 
techniques aids removal but does not 
ensure elimination due to the complex 
anatomy and limitations of techniques 
used. Therefore, adjunctive intra-canal 
medicaments are aimed to further reduce 
this load, whereby bacterial loads are fur-
ther reduced below a critical threshold that 
is conducive to healing.  

  Fig. 6.10    Cone beam CT (CBCT) scans and clinical 
photographs demonstrating extent of apical lesion, 
medicament overfi lling, and surgical decompression 
procedure. Note ( a ) reformatted image of the maxilla 
using CBCT slices showing cortical buccal plate defect 
( black arrow ). ( b, c ) CBCT slices demonstrating intra- 

canal medicament in tooth 22 and overfi lling following 
root canal re-treatment procedure and medicament 
placement. ( d ) Clinical photograph following surgical 
decompression showing adapted nasal cannula tubing 
sutured in place       
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•    Calcium hydroxide pastes  
 Calcium hydroxide is recognised as one of 
the most effective intra-canal medicaments 
used in endodontics due to its bactericidal 
 properties. Although its specifi c mecha-
nism of action is debatable, some research-
ers suggest that its antimicrobial effects are 
due to the release and diffusion of hydroxyl 
(OH − ) ions leading to a highly alkaline 
environment (pH 12.5–12.8), which is 
unfavourable to the survival of microorgan-
isms. Effects can be limited by buffering 
effect of dentine particularly in the apical 
one third and limited penetration of den-
tinal tubules. Ineffective against 
 Enterococcus faecalis  microorganism 
associated with re-treatment cases.  

•    Corticosteroids  
 Ledermix, a glucocorticosteroid-antibiotic 
compound, has anti-infl ammatory, antibac-
terial and anti-resorptive properties. These 
properties help dampen the periapical 
infl ammatory process including clastic-
cell- mediated resorption (replacement 
resorption). Its use has been advocated in 
reducing pain and infl ammation as well as 
the promotion of more favourable healing 
in replanted teeth. Potential staining of 
teeth.  

•    50:50 mixture of Ledermix paste and 
calcium hydroxide  
 This combination has been advocated as an 
intra-canal medicament in cases of pulpless 
infected root canals, pulp necrosis, teeth 
with incomplete root formation undergoing 
apexifi cation procedures, perforations, 
infl ammatory root resorption and infl am-
matory peri-radicular bone resorption.  

•    Iodine  
 Iodine has been advocated in retreatment 
cases due to possible  Enterococcus faecalis  
bacteria and their inherent resistance to cal-
cium hydroxide medicament by virtue of 
their proton-pump inhibitor. Care must be 
excised in patients with known allergy.  

•    Techniques for placement of 
medicaments  
 The use of syringe, rotary instruments (len-
tulo spiral fi ller) and hand instruments such 

as fi les, spreaders and pluggers has been 
advocated for placement of intra-canal medi-
caments. Care must be taken when extensive 
apical root resorption is evident or wide-
open apices are noted due to higher risk of 
extrusion beyond the confi nes of the canal.         
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      Root Canal Obturation                     

     Bobby     Patel    

    Summary  

  Several obturation techniques are available for root canal treatment. 
Selection of any technique is determined not only by operator preference 
but also key factors including canal anatomy, preparation technique used 
and the unique treatment objectives of each case. The two basic obturation 
procedures are lateral condensation and warm vertical condensation. Gutta-
percha root fi llings remain the ideal fi lling material despite the advent of 
new devices and techniques, such as synthetic resin-based polycaprolac-
tone polymer (Resilon). Paste fi lls utilising highly toxic resin cements such 
as ‘SPAD’ and formaldehyde-containing Endomethasone and silver point 
fi llings have a poor reputation and cannot be recommended. However, the 
use of mineral trioxide aggregate has been advocated in the management of 
large open apices that may not be easily customised with traditional gutta-
percha techniques. Obturation is the fi nal treatment objective that ensures 
that the canal remains cleaned, disinfected and sealed from the apical minor 
constriction of the root canal system to the orifi ce.  

    Clinical Relevance    

 Success or failure in endodontics does not nec-
essarily relate to the radiographic white lines 
that we produced at the end of endodontic treat-
ment unless follow-up images demonstrate bio-
logical healing. The fi nal obturation is simply a 
mirror image of our cleaning and shaping goals 
and provides a partial indication of whether our 
treatment objectives were met. The fi nal obtu-
ration and material used can be seen as a 

 penultimate step in the reduction and preven-
tion of microbial contamination of the root 
canal system. The quality of obturation has 
been associated with endodontic treatment suc-
cess and the method employed relies on using 
materials and methods capable of densely fi ll-
ing the entire root canal system. The clinician 
should be aware of the various techniques 
available that can be utilised according to indi-
vidual case requirements and anatomical con-
straints. One must also bear in mind the inherent 
risks associated with overextension of root fi ll-
ing materials including neural, sinus and alveo-
lar bone complications that should be avoided 
when seeking the ‘thrill of the fi ll’.  

        B.   Patel ,  BDS MFDS MClinDent MRD MRACDS       
  Specialist Endodontist ,  Brindabella Specialist Centre , 
  Canberra ,  ACT ,  Australia   
 e-mail: bobbypatel@me.com  
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7.1     Overview of Material, 
Methods and Risks 
Associated with Root Canal 
Obturation 

 Microorganisms and their by-products are the 
major cause of pulpal and periapical disease and 
we are unable to totally disinfect the residual 
biofi lm within the instrumented and 
un-instrumented root canal system (30–50 % of 
the root canal wall) despite the revolution of 
newer materials and methods over the last 
century. Therefore, the goal of three-dimensional 
obturation is to provide an impermeable fl uid 
tight seal within the entire root canal system, to 
prevent oral and apical micro-leakage, 
successfully entombing persistent or resistant 
bacteria and their by-products [ 1 – 3 ]. 

 Prior to the obturation phase, the clinician 
must establish proper canal preparation of the 
root canal to provide an apical resistance form for 
the adequate adaptation of fi lling materials and 
the prevention of excessive apical extrusion of 
these materials. The importance of maintaining 
the original shape of a root canal during and after 
cleaning and shaping and avoiding iatrogenic 
errors such as ledges and perforations is primary 
in the pursuit of promoting periapical healing in 
endodontic cases. Poor obturation quality (over-
fi lling or underfi lling) as judged by radiographs 
has been correlated with a decreased prognosis 
for healing [ 4 – 6 ]. 

 The radiographic appearance of a completed 
case should demonstrate the obturation material 
at the apical terminus without excessive material 
overextending into periapical tissues, completely 
fi lling the root canal system in three dimensions 
and appearing as a dense radiopaque fi lling of the 
root canal system [ 7 ]. 

 Many materials and techniques for obturation 
are available on the market. Dr. Louis I. Grossman, 
one of the founders of the specialty of endodontics, 
determined the ideal properties of obturation 
materials (Table  7.1 ) [ 8 ]. These materials are 
divided into two basic groups—core materials 
and sealers—each of which can be found in a 
large variety of materials and brands (Table  7.2  
and  7.3 ). Materials approved by the International 

Standards Organization and the relevant Dental 
Association within your jurisdiction should be 
used.

     Jasper introduced silver cones and due to their 
inherent rigidity made them easy to place. 
However, their inability to fi ll the irregularly 
shaped root canal system permitted leakage and 
resulted in corrosion products that were found to 
be highly cytotoxic. Silver cones are no longer 
utilised for root canal obturation [ 9 ,  10 ]. 

 Sargenti and Richter proposed the principle of 
mummifi cation and fi xation of pulp tissues using 
highly toxic paraformaldehyde pastes (N2) in 

    Table 7.1    Ideal properties of a root canal fi lling material   

 Easily manipulated with ample working time 
 Radiopaque and easily discernible on radiographs 
 Dimensionally stable with no shrinkage once inserted 
 Seals the canals laterally and apically conforming to 
the canal anatomy 
 Impervious to moisture and non-porous 
 Inhibits bacterial growth 
 Non-irritating to periapical tissues 
 Unaffected by tissue fl uids (no corrosion or oxidation) 
 Does not stain tooth structure 
 Easily removed from canal if necessary 
 Sterile 

  Adapted from Grossman  

    Table 7.2    Overview of core materials and chemical 
composition   

 Function  Material  Main composition 

 Core 
materials 

 Gutta-percha  Gutta-percha, zinc 
oxide, metallic salts, 
waxes, colouring 
agents 
 antioxidants 

 Silver point  Silver, nickel 
 Resin-coated 
gutta-percha 

 Resin, gutta-percha, 
zinc oxide 

 Thermoplastic 
polymer 

 Polyester, bioactive 
glass, bismuth 
oxychloride, barium 
sulphate 

 Mineral trioxide 
aggregate (MTA) 

 Tricalcium silicate 
 Dicalcium silicate 
 Bismuth oxide 
 Calcium sulphate 
 Tetracalcium 
aluminoferrite 
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view of its antimicrobial activity. Other paste fi lls 
containing formaldehyde include SPAD and 
Endomethasone. Inadvertent overextension often 
resulted in biologically unacceptable outcomes 
or worse still with accompanying neural damage. 
Coupled with treatment diffi culties encountered 
when attempting to retreat such cases, their use is 
frowned upon within the endodontic community 
[ 11 – 15 ]. 

 Gutta-percha has proven to be the material of 
choice worldwide for successful obturation when 
used in combination with a root canal sealer. 
Gutta-percha points alone cannot completely seal 
the space between the dentinal walls, root canal 
irregularities, lateral and accessory canals and 
spaces between gutta-percha points used in lat-
eral condensation. So a sealer is necessary and 
volumes should be minimal to counteract possi-
ble shrinkage and dissolution over time. Gutta- 
percha can be made to fl ow using heat or using 
solvents, such as chloroform or eucalyptus, as 
well as by ultrasonics and vibration. It is a trans- 
isomer of polyisoprene and exists in two 
crystalline forms alpha and beta, with differing 
properties. The use of alpha phase gutta-percha 
has increased as thermoplastic techniques have 
become more popular [ 16 – 18 ]. 

 Gutta-percha cones consist of approximately 
20 % gutta-percha, 65 % zinc oxide, 10 % 
 radiopacifi ers and 5 % plasticisers. Gutta-percha 
points are manufactured in various forms 

 including standardised points that match the ISO 
sizes and have a 2 % taper. Accessory points have 
fi ne tips and variable taper to facilitate and 
improve lateral compaction. Greater taper points 
are available in 4 % and 6 % taper to match mod-
ern rotary preparation techniques. Feather- tipped 
points permit individual and specifi c cone fi tting 
to the prepared root canal. As clinicians we 
expect that the diameter and tapers of GP cones 
to be accurate with no variability. However, even 
if the manufacturers are following the current 
standards, the accepted diameter tolerance levels 
vary from 0.05 to 0.07 mm, depending on the 
cone size. Such tolerance means that cones of 
one size can theoretically span more than one 
size above and/or below the stated size. For 
example, a size #30 cone has an allowable tip 
diameter of 0.23–0.37 mm. Therefore, the nomi-
nal diameter and taper values as listed by the 
manufacturer may vary greatly and still be in 
accordance with the ‘standards’. Gutta-percha 
points cannot be sterilised by traditional means, 
but rapid disinfection before use by placing the 
cones with 70 % isopropyl alcohol, 2 % chlorhex-
idine or 1–5 % NaOCl is effective [ 16 ,  19 ,  20 ]. 

 Several techniques have been developed 
for placing gutta-percha into root canals includ-
ing single-cone techniques [ 21 ,  22 ], cold lateral 
 compaction [ 23 ], warm lateral compaction 
using ultrasonics (energised spreading) [ 24 ], 
chloroform customization of gutta-percha [ 25 ], 

   Table 7.3    Overview of sealers, chemical composition and various brands   

 Type  Brand  Main composition 

 Zinc oxide eugenol  Roth  Zinc oxide eugenol, colophony, bismuth and barium 
 Kerr PCS  Zinc oxide eugenol, thymol, silver 
 ProcoSol  Zinc oxide eugenol, colophony, bismuth and barium 
 Endomethasone  Zinc oxide eugenol, paraformaldehyde 

 Resin  AH Plus  Epoxy-bis-phenol resin, adamantine 
 Epiphany  BisGMA, UDMA and hydrophilic methacrylates 
 EndoREZ  UDMA 
 Russian Red  Recorcin-formaldehyde 

 Calcium hydroxide  Sealapex  Toluene salicylate, calcium oxide 
 Apexit  Salicylates, calcium hydroxide 

 Silicone  RoekoSeal  Polydimethylsiloxane, silicone oil, zirconium oxide, catalyst 
 GuttaFlow  Polydimethylsiloxane, silicone oil, zirconium oxide, gutta-percha 

 Glass ionomer  Ketac Endo  Polyalkenoate cement 
 Calcium silicate  iRoot SP  Calcium phosphate, calcium silicate, zirconium oxide, calcium hydroxide 
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thermomechanical compaction technique [ 26 ], 
hybrid thermomechanical compaction technique 
[ 27 ], warm vertical compaction [ 28 ], continuous 
wave compaction [ 29 ], thermoplasticised inject-
able gutta-percha obturation [ 30 ] and solid- core 
carry insertion techniques [ 31 ,  32 ] (see Figs.  7.1  
and  7.2 ).

    As no single approach can unequivocally boast 
superior evidence of healing success, the choice 
depends on the canal anatomy, unique objectives 
of treatment in each case and other factors such as 
speed, simplicity and economics [ 33 ]. 

 A shortcoming of gutta-percha-based root fi ll-
ing materials is their lack of adhesiveness to the 
canal walls relying on a sealer or cement  interface 

to fi ll the voids and irregularities in the root canal, 
lateral and accessory canals and spaces between 
gutta-percha and dentinal walls and within the 
homogenous mass of gutta-percha created using 
lateral condensation techniques. A number of dif-
ferent type of sealers are commercially available 
including zinc oxide eugenol [ 34 ,  35 ] and non-
eugenol paraformaldehyde-containing sealers 
[ 15 ,  36 ], calcium hydroxide sealers [ 37 ], methac-
rylate resin-based sealers [ 38 ,  39 ], silicone seal-
ers [ 40 ,  41 ] and calcium silicate sealers [ 42 ] 
(Table  7.3 ). 

 Resin-based obturation systems have been 
introduced as an alternative to gutta-percha in 
an attempt to seal the root canal system more 

a b

c d

e f

  Fig. 7.1    Diagrams representing different methods of 
obturation used and how these techniques fi ll the apical 
portion of the tooth. Note ( a ) sectioned mesial root of a 
lower fi rst molar demonstrating apical anatomy 1 mm 
from the apex. Obturation methods using ( b ) silver points, 

( c ) paste fi ll, ( d ) single-cone obturation, ( e ) cold lateral 
compaction, and ( f ) warm lateral compaction, and warm 
vertical compaction, thermomechanical compaction, and 
injection techniques (Adapted from Professor John 
Whitworth)       

 

B. Patel



151

 effectively by creating an intra-canal adhesive 
monoblock and perhaps strengthening the root. 
Resilon is a biodegradable polycaprolactone- 
based thermoplastic root fi lling material 
 bondable to self-etch or self-adhesive root 
canal sealer. It resembles gutta-percha and can 
be manipulated similarly, consisting of a 
resin core material, available in conventional/ 
standardised cones or pellets, and a resin 
sealer. However, the desire to create a three- 
dimensional impervious seal has been unat-
tainable due to ineffective bonding challenges 
due to root canal anatomy and limitations in 
the physical and mechanical properties of cur-
rent adhesive materials [ 43 ,  44 ]. 

 Calcium hydroxide, dentine plugs and 
hydroxyapatite have been advocated for place-
ment as barriers in canals exhibiting an open 
apex to permit obturation, whilst minimising 
extrusion of traditional materials such as gutta- 
percha into the periradicular tissues. Placement 
of an apical barrier and immediate obturation is 
an alternative to apexifi cation. Mineral trioxide 

aggregate (MTA) has been suggested as an apical 
barrier material. MTA is sterile, biocompatible 
and capable of inducing hard tissue formation. 
The material is compacted into the apical portion 
of the root and allowed to be set, and then gutta- 
percha can be compacted without extrusion. The 
technique is quick and clinically successful and 
eliminates the need for numerous visits and pos-
sible recontamination during apexifi cation or 
theoretical root fracture [ 45 ,  46 ]. 

 The apical limit of root canal instrumenta-
tion and obturation has been contested with 
most clinicians preferring to end biomechani-
cal preparation at the apical constriction. All 
endodontic materials including relatively inert 
gutta-percha can induce a foreign body-type 
reaction when extruded beyond the confi nes of 
the root canal system. A small puff of sealer 
through apical ramifi cations or lateral canals, 
although viewed by some clinicians as a sign 
of optimal cleaning and shaping, can elicit an 
infl ammatory response resulting in on-going 
pain for the patient [ 47 ]. 

a b

c c

  Fig. 7.2    Clinical radiographs and photographs demon-
strating different methods of obturating root canals. 
Extracted teeth were obturated using different techniques 
and cleared. Note ( a ) obturation using McSpadden tech-
nique resulting in fi lling of MB2 canal and lateral anat-
omy. ( b ) Extracted upper fi rst molar tooth with two palatal 

canals. Obturation technique using warm vertical com-
paction. ( b, c ) The importance of disinfection is high-
lighted by the fi ns and isthmuses between the two roots 
that cannot be prepared using mechanical preparation 
alone       
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 Overfi lling of root canals (beyond the radio-
graphic apex) can occur as a result of infl amma-
tory apical root resorption, an incompletely 
formed root apex or  over- instrumentation through 
the apical foramen resulting from inaccurate 
measurement of the working length. In such 
cases, creating an apical stop becomes more dif-
fi cult, thus leading to overfi lling. There is evi-
dence to suggest that overfi lling has a negative 
effect on the long-term prognosis for endodontic 
therapy whereby the fi lling material might act as 
a foreign body, causing irritation of the perira-
dicular tissues, localised infl ammation and a 
delay in periradicular healing [ 48 ]. 

 Gross overextension of root canal fi lling mate-
rial and/or sealer is potentially harmful, particu-
larly when in contact with vital structures such as 
the inferior alveolar nerve or maxillary sinuses. 
The use of toxic materials should be avoided, and 
even common sealers that do not release formal-
dehyde can result in paraesthesia when in contact 
with surrounding neural tissues. Mechanical 
compression, chemical neurotoxicity and local 
infection as a direct result of overfi lling may 
cause irreversible nerve damage. Neural injuries, 
most commonly classifi ed using the Seddon clas-
sifi cation, include neurotmesis (the most severe), 
axonotmesis or neuropraxia. If neurological 
complaints appear after root fi lling in the lower 
jaw, a nerve injury due to root fi lling material 
should be ruled out. In cases of overfi lling, an 
urgent referral may be warranted to consider 
immediate apicectomy and decompression of the 
nerve with conservation of the tooth if possible, 
thereby providing the best chance of avoiding 
permanent nerve damage. Even if nerve damage 
is not suspected, the clinician must bear in mind 
that the worst prognosis for endodontics is instru-
mentation and fi lling beyond the confi nes of the 
canal and this should be avoided in every case 
[ 4 ,  6 ,  7 ,  11 ,  13 ,  14 ,  49 – 51 ]. 

 Root canal-treated teeth with overextension of 
the root canal sealer or solid materials such as 
gutta-percha or silver points into the sinus may 
be the main aetiological factor for aspergillosis of 
the maxillary sinus in healthy patients. Root 
fi lling materials such as zinc oxide eugenol are 
considered to be a growth factor for  Aspergillus. 

Aspergillus fumigatus  need heavy metals such as 
zinc oxide for proliferation and metabolism. If 
the sinus has been breached with extrusion of 
either sealer or solid materials, then mechanical 
irritation can ensue resulting in an infl ammatory 
reaction. Management of extruded obturation 
material into the maxillary sinus may require 
surgical endodontic therapy with the need for a 
subsequent Caldwell-Luc approach to remove 
the foreign material from within the sinus cavity 
[ 52 – 54 ]. 

 Underfi lling or incomplete fi lling of the root 
canals (more than 2 mm short of the radiographic 
apex) often occurs as the result of incomplete 
instrumentation, ledge formation or loss of 
working length due to inadequate irrigation and 
recapitulation of canal patency. The latter leads 
to the accumulation of dentine fi lings and debris 
resulting in canal blockage. Consequently, the 
clinician does not remove the infected necrotic 
tissue remaining in the apical portion of the root 
canal leading to persistent bacterial infection that 
may initiate or perpetuate periradicular 
infl ammation after endodontic therapy. There is 
evidence to suggest that instrumentation and 
fi lling canals as near to the apical terminus as 
possible (‘canal terminus patency’ and ‘exten-
sion of canal cleaning as close as possible to its 
apical terminus’) and prevention of overfi lling 
(‘extruded root fi lling’) are important prognostic 
factors for the long-term survival of endodonti-
cally treated teeth [ 55 – 59 ]. 

 The life of an endodontically treated tooth 
depends on the accuracy of the diagnosis 
and planning, excellence of disinfection, instru-
mentation and fi lling procedures (antimicrobial 
strategies, root canal shaping and coronal and 
apical seal) and fi nally the rehabilitation manage-
ment [ 60 ]. 

 The fi nal obturation is a culmination of all 
these factors giving us an insight into the likely 
success of treatment provided where due 
diligence and optimal treatment were performed 
at all stages. Choice of obturation technique and 
materials used is based both on sound scientifi c 
evidence and also the concept of what works best 
in your hands. No single approach can 
unquestionably be relied upon to successfully 
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manage all cases. Instead the clinician should be 
aware of several different approaches that can be 
applied according to individual tooth require-
ments (see Fig.  7.3 ).

7.2        Sealers 

 Sealers are used between dentine surfaces and 
core materials to seal the space, between core 
and fi lling materials in lateral condensation 
 techniques, to seal complex canal anatomical 

irregularities such as lateral canals and dentinal 
tubules, to lubricate and facilitate seating of the 
master cone and provide antimicrobial properties 
within the fi nal obturation material. Traditionally 
desirable characteristics were to adhere to dentine 
and the core material as well as to have adequate 
cohesive strength. Newer-generation sealers are 
being engineered to improve their ability to pen-
etrate into dentinal tubules and bond to, instead of 
just adhering to, both the dentine and core mate-
rial surfaces. Although no sealer meets all the 
properties of Grossman’s ideal sealer (Table  7.1 ), 

  Fig. 7.3    Clinical radiograph demonstrating the use of 
different obturation techniques in a single case to achieve 
the desired outcome of a correctly cleaned, shaped, and 
obturated case. The distal canal had a very unusual apical 
irregular shape as a result of extensive apical root resorp-
tion that had occurred. The mesial canals were obturated 
using a warm vertical compaction technique. The distal 
canal was fi lled using MTA in the apical 1/3 followed by 

Obtura back fi ll. The use of conventional techniques 
would have increased the risk of a gross overfi ll which 
may only have been rectifi ed by further surgery. This was 
avoided due to an understanding of techniques available 
including inherent limitations, thereby selecting the most 
appropriate technique which would achieve the necessary 
result with minimal complications       
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there are many sealers available that are clinically 
acceptable and widely used. 

  Zinc oxide eugenol based  
 The materials are produced in a powder and 

liquid form (e.g. Roth Root Canal cement, Roth 
International Ltd., Chicago, USA) or a two-paste 
preparation (e.g. Tubli-Seal Kerr, Orange, USA). 
The components of the powder, consisting of 
zinc oxide, bismuth subcarbonate, barium sul-
phate and sodium borate, are mixed with the 
eugenol to form the sealer. These sealers are radi-
opaque (due to the addition of silver, bismuth and 
barium), antimicrobial and toxic to vital tissues. 
The setting reaction of the sealer is due to the for-
mation of zinc eugenolate crystals embedded 
with zinc oxide. Free eugenol is present as the 
material sets, decreasing over setting time and is 
responsible for most of the cytotoxicity when 
unset. Setting time and working time are depen-
dent on the proportion of bismuth subcarbonate 
to sodium borate and are affected by temperature 
and humidity. Paraformaldehyde was added to 
the controversial N2 paste and in Endomethasone 
for added antibacterial activity. 

  Resin based  
 AH Plus (Dentsply Detrey, GmbH, Konstanz, 

Germany) is an epoxy resin-based sealer, which 
was produced as an alternative to its predecessor 
AH26 that released formaldehyde during the 
 setting reaction. AH Plus exhibits accept-
able  biocompatibility, dimensional stability and 
insolubility. 

 Epiphany (Pentron Clinical Technologies, 
Wallingford, Conn.) consists of a dual cured 
sealer based on BisGMA, UDMA (urethane 
dimethacrylate) and hydrophilic methacrylates 
with radiopaque fi llers that can coat the dentinal 
walls. Prior to application of the sealer, a primer 
must be applied to the dentine surface after a che-
lator such as EDTA has removed the smear layer. 
The sealer may then form a secondary monob-
lock bonding effectively to both dentines via the 
primer and with a chemical integration with the 
core material (Resilon). 

 EndoREZ is a hydrophilic UMDA resin capa-
ble of fl owing into dentinal tubules with good 
biocompatibility. The sealer is used in combina-
tion with resin-coated gutta-percha points 

 allowing the possibility of dual curing with both 
dentine and core material even in the presence of 
moisture. 

 Russian Red sealer is a variant of the phenol- 
formaldehyde resin, which sets very hard result-
ing in an insoluble mass within the root canal 
system. The sealer is strongly antibacterial and 
on setting results in shrinkage that leaves a red-
dish hue in the surrounding tooth structure. This 
type of paste fi lling is not advocated and can be 
very diffi cult to retreat. 

  Calcium hydroxide based  
 Sealapex (SybronEndo, Orange, USA) and 

Apexit (Ivoclar Vivadent, Schaan, Liechtenstein) 
are well-known sealers based on calcium hydrox-
ide that when used in conjunction with gutta-
percha core material provides biocompatibility 
with the possible advantage of bioactivity of cal-
cium hydroxide when placed adjacent to vital 
tissue. However, for this to occur, calcium 
hydroxide must dissociate into calcium and 
hydroxyl ions requiring the sealer to break down 
or dissolve compromising the seal. Questions 
remain regarding the long-term stability of these 
sealers. 

  Silicone based  
 Roekoseal (Coltene Whaledent, Altstätten, 

Switzerland) is a polydimethylsiloxane-based 
root canal sealer that polymerises with minimal 
shrinkage and shows good biocompatibility. The 
material is mixed with auto-mix tips similar to 
impression materials producing a white fl uid 
paste that has low viscosity to fl ow within the 
root canal system. GuttaFlow (Coltene Whaledent 
Ltd., Sussex, UK) is a cold gutta-percha fi lling 
system that utilises a silicone matrix and pow-
dered gutta-percha that is triturated before car-
riage to the canal on either a gutta-percha cone or 
by passive injection using a plastic cannula. 

  Glass ionomer based  
 Ketac Endo (3M ESPE, St. Paul, MN, USA) 

is an adhesive root canal sealer with good bio-
compatibility and claims of root reinforcement 
due to adhesion to dentine. These sealers have 
been found to be more soluble and less antimi-
crobial with in vitro fi ndings of leakage and 
disintegration over time. Due to its potential 
chemical bonding with dentine, issues about 
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insolubility when using traditional gutta- 
percha solvents potentially make retreatment 
diffi cult. 

  Calcium silicate based  
 A new category of root canal sealers based on 

MTA such as iRoot SP (Innovative BioCeramix, 
Vancouver, Canada) has been introduced in an 
attempt to address the inherent problems with 
existing sealers and biocompatibility particularly 
when extruded beyond the confi nes of the root 
canal. Calcium silicate sealers include some of 
the same hydraulic compounds found in Portland 
cement including tricalcium silicate and dical-
cium silicate powder that reacts with water to 
form a highly alkaline cement (pH 12) to create a 
rigid matrix of calcium silicate hydrates and cal-
cium hydroxide. When these sealers set, the 
dimensional change is less than 0.1 % expansion, 
which helps create a barrier that has superior 
sealing ability. The combination of a hydrophilic 
sealer that is biocompatible with excellent dimen-
sional stability seems ideal, particularly with the 
potential of obturation materials coming into 
contact with fl uid either apically or coronally 
potentially salvaging a compromised seal.  

7.3     Core Materials Used 
for Obturation 

  Gutta-percha  
 Gutta-percha has been the most popular 

core material used for obturation. It is derived 
from the Taban tree ( Isonandra perchas ) and 
has been used for various purposes such as 
coating the fi rst trans-Atlantic cable and for the 
cores of golf balls. It can be made to fl ow using 
heat or using solvents, such as chloroform or 
eucalyptus, as well as by ultrasonics and vibra-
tion. It is a trans- isomer of polyisoprene and 
exists in two crystalline forms (alpha and beta) 
with differing properties. Gutta-percha under-
goes phase transitions when heated from beta 
to alpha phase at around 115°F (46°C). At a 
range between 130 and 140°F (54–60°C), an 
amorphous phase is reached. When cooled at 
an extremely slow rate, the material will 
recrystallise to the alpha phase. 

 Traditional gutta-percha points or cones are 
produced in the beta phase and contains a mixture 
of zinc oxide, gutta-percha, radiopacifi ers and 
plasticisers. Cones are manufactured as 
standardised 0.02 taper ISO cones and non- 
standardised 0.04, 0.06, 0.10 and 0.12 taper with 
specifi ed tips or feathered tips according to 
manufacturing brand. Accessory points are also 
available from various manufacturers sized 
according to specifi ed matched spreaders (e.g. 
SybronEndo system, SybronEndo, Orange, 
USA - XF, FF, MF, F, FM and M) (see Fig.  7.4 ).

   An important characteristic of gutta-percha 
and of clinical importance is the fact that when it 
is exposed to air and light over time it becomes 
more brittle. Storage of gutta-percha in a refrig-
erator extends the shelf life of the material. 

 Gutta-percha is unable to provide a hermetic 
seal on its own and requires the use of an appro-
priate sealer. Gutta-percha is often applied to the 
canal using either a lateral condensing and/or 
vertical condensing force using spreader or plug-
gers to ensure adaptation occurs within the ana-
tomical intricacies of the root canal system. 

 Cones can be sterilised chair side by immer-
sion in sodium hypochlorite solution for 1 min. 
Gutta- percha is easily dissolvable by organic sol-
vents such as chloroform, halothane or xylene 
making retreatment possible. The biocompatibil-
ity of gutta-percha has been tested thoroughly 
using cytotoxic, implantation, mutagenicity and 
usage tests. 

  Resilon  
 Resilon, a new, synthetic resin-based polycap-

rolactone polymer has been developed as a gutta-
percha substitute to be used with Epiphany, a new 
resin sealer in an attempt to form an adhesive 
bond at the interface of the synthetic polymer-
based core material, the canal wall and the sealer, 
otherwise known as a secondary ‘monoblock’. It 
is manufactured in standardised ISO sizes and 
shapes, conforms to the confi guration of the vari-
ous nickel-titanium rotary instruments and is 
available in pellet form for injection devices. The 
manufacturer states that its handling properties 
are similar to those of gutta-percha, and therefore 
it can be used with any obturation technique. 
Resilon contains polymers of polyester, bioactive 
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glass and radiopaque fi llers (bismuth oxychloride 
and barium sulphate) with a fi ller content of 
approximately 65 %. It can be softened with heat 
or dissolved with solvents like chloroform. 

 Like traditional dentine bonding systems, 
etching and priming of the dentine surface is 
required to achieve a chemical bond. The root 
canal system must fi rst be rinsed with 17 % 
ethylene-diamine-tetra-acetic acid (EDTA) to 
remove the smear layer. The Epiphany, a self- 
etch primer, is then applied to the canal and 
Resilon core material used to fi ll the root canal 
system. Light curing for 40 s will cure the cor-
onal 2 mm of the canal, and self-curing of the 
remainder of the canal will occur within 
15–30 min. This creates a secondary ‘monob-
lock’ in which the Resilon bonds to the 
Epiphany sealer, which in turn bonds to the 
dentine wall. 

 The ability of Resilon to effectively bond to 
tooth structure and thereby preventing leakage 
has been unproven to date. The reality of achiev-
ing an adhesive ‘monoblock’ in the apical portion 
of the canal is unpredictable with current avail-
able materials. The literature also suggests that 
Resilon is not stiff enough to strengthen residual 
root structure. Concerns remain regarding the 
biocompatibility and cytotoxicity of the Epiphany 
sealer. Evidence-based randomised controlled 
trials are lacking comparing Resilon to current 
gold standard gutta-percha techniques that have a 
proven track record at this time. 

  Coated cones  
 Another strategy to achieve an intra-canal 

monoblock utilising traditional gutta-percha was 
to chemically bind or mechanically impregnate a 
coating over the surface of gutta-percha cones 
creating a similar chemistry to the sealer. 

a b

c d
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  Fig. 7.4    Clinical photographs demonstrating a variety of 
tapered gutta-percha cones available for obturation. 
Selection of cone is dependent on preparation technique 
and canal anatomy. Note ( a ) standardized 2 % gutta- percha 
cones available in corresponding sizes to match 2 % 

 stainless steel fi les. ( b ) ProTaper-matched  gutta- percha 
cones corresponding to fi nal master apical size (F1, F2, F3, 
F4, or F5). ( c ) Accessory gutta-percha cones selected to 
match corresponding fi nger spreaders. ( d ) Four percent 
gutta-percha cones specifi c to rotary fi le system selected       
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Ultradent Corporation has surface coated their 
gutta-percha cones with a resin (functional 
methacrylate groups) in attempt to create a bond 
between the canal wall, the core material and 
sealer (hydrophilic self-priming methacrylate- 
resin based) (Ultradent, South Jordan, Utah). A 
bond is formed when the resin sealer (EndoREZ) 
contacts the resin-coated gutta-percha cone 
creating a hypothetical tertiary ‘monoblock’ 
within the root canal system with three adhesive 
interfaces (dentine-sealer, sealer-coating and 
coating-gutta-percha). 

  Paste fi lls  
 Since the inception of the cement material 

generally known by its trade name ‘Mineral 
Trioxide Aggregate’ in 1993 by Torabinejad, it 
has found many applications in dentistry 
including direct pulp capping, pulpotomy, root- 
end fi lling, apexifi cation and apexogenesis, 
treatment of horizontal root fractures, repair of 
internal and external resorption defects, 
perforation repair and obturation of the root canal 
system. It is a hydraulic cement (e.g. sets and is 
stable under water) relying primarily on a 
hydration reaction for setting to occur. Apical 
barriers are important for the obturation of canals 
with immature roots with large open apices. 
Traditional techniques employed have been to 
use chloroform customization of gutta-percha 
that can result in extrusion with either long-term 
biocompatibility issues or the need for surgical 
revision. Alternative barriers to prevent extrusion 
of material have included the use of calcium 
hydroxide, dentine plugs and hydroxyapatite, 
which permit obturation, whilst minimising 
potential extrusion of material beyond the 
confi nes of the canal. Calcium hydroxide apical 
barriers are often time-consuming repeated 
treatments that have been associated with the 
potential of root fractures when used for 
prolonged periods of time. Placement of an apical 
barrier and immediate obturation is an alternative 
to apexifi cation using MTA. The material is 
compacted into the apical portion of the root 
canal and allowed to set. Gutta-percha is then 
compacted against this apical barrier without risk 
of extrusion. The technique is quick, reliable and 
clinically successful, eliminating the need for 

numerous visits and possible recontamination 
during traditional calcium hydroxide-based 
apexifi cation procedures. It is worth noting that 
when a root canal system is fully obturated with 
MTA, re-entry for retreatment or the ability to 
create a post space can be very diffi cult using 
ultrasonic or rotary nickel-titanium instruments 
due to the inherent hardness and strength of the 
material. 

  Silver points  
 Silver points were historically introduced as 

root canal obturation materials that were easily 
placed due to their inherent rigidity. However, 
their inability to three-dimensionally fl ow and 
conform to irregularly shaped root canal sys-
tems permitted leakage and the potential for 
corrosion. Corrosion by-products can cause 
irreversible staining and the potential for cyto-
toxicity inducing persistent periapical infl am-
mation. Other potential shortcomings including 
complications encountered during apical sur-
gery and the diffi culties when needing to create 
a post space have made these materials redun-
dant, particularly in the face of modern tech-
niques and improved materials that are available 
today (Fig.  7.5 ).

7.4        Cold Lateral Compaction 

 A master cone corresponding to the fi nal 
instrumentation size and length of the canal is 
coated with sealer, inserted into the canal, 
laterally compacted with spreaders and fi lled 
with additional accessory cones (see Figs.  7.6 , 
 7.7  and  7.8 ). This technique has been the ‘gold 
standard’ to which other techniques have been 
compared. Lateral cold condensation has the 
advantage of excellent length control and can be 
accomplished with any of the acceptable sealers. 
The disadvantage of this technique is that it may 
not fi ll canal irregularities as well as the warm 
vertical compaction technique. The technique is 
as follows:

       1.    A standardised gutta-percha cone is selected 
with a diameter consistent with the largest 
fi le used at working length. Standardised 
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a b c

d

  Fig. 7.5    Clinical radiograph and diagrams demonstrating 
silver cone obturation of a tooth. Note ( a ) tooth 46 with 
silver cone root fi lling in mesial root with obvious 
periradicular infection. ( b ) Silver cone placement in a 
prepared canal resulting in voids which are fi lled using 
sealer ( dashed line  represents cross-section of root taken 

at this level. ( c, d ) Apical cross section demonstrating 
silver cone ( SP ) and sealer ( S ) obturation. Over time, the 
sealer is likely to wash away, and in combination with sil-
ver cone corrosion products increase the probability of 
leakage and failure       

a b c

  Fig. 7.6    Clinical diagrams demonstrating cold lateral 
obturation technique. Note ( a ) preoperative view, ( b ) 
master gutta-percha cone matching master apical fi le size 
placed to length with sealer, and ( c ) fi nger spreader placed 

to within 1 mm of working length. Cross sections of the 
distal canal taken at 1 mm from the working length ( red 
dashed line ) have been diagrammatically represented 
showing unfi lled/fi lled canal space in relation to each step       
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cones (0.02) generally have less taper than 
conventional cones and permit deeper 
spreader penetration. This ‘master cone’ is 
measured and grasped with a forceps so that 
the distance from cone tip to forceps is equal 
to the prepared length. The cone is placed in 
the canal to working length, and if an appro-
priate size has been selected, there will be 
resistance to displacement or ‘tug back’. If 
there is no resistance, modifi cations are 
required.   

   2.    Master cone placement can be confi rmed with 
a periapical radiograph. Sealer is applied to 
the canal walls via the last-sized fi le used at 
working length. A fi nger spreader is selected 
that matches the taper of the canal. Appropriate 
accessory points are selected according to the 

taper of the spreader. The spreader should fi t 
within 1–2 mm of the prepared length, and 
when introduced into the canal with the mas-
ter cone in place, it should be within 2 mm of 
the working length.   

   3.    After placement, the spreader is removed by 
rotating it back and forth as it is withdrawn, 
whilst being careful not to spear the master 
point. An accessory cone is placed in the 
space made by the instrument, and the process 
is repeated until the spreader no longer pene-
trates beyond the coronal third of the canal. 
Excessive forces should be avoided to prevent 
potential root fracture.   

   4.    Excess gutta-percha in the chamber is then 
seared off and vertically compacted with a 
heated plugger at the canal orifi ce.    

a b c

  Fig. 7.7    Clinical diagrams demonstrating cold lateral 
obturation technique. Note ( a ) matched accessory cone 
( green ) placed in space created by fi nger spreader. ( b ) 
Process of placing fi nger spreader repeated to create space 
for placement of ( c ) another accessory cone ( blue ). The 
process is repeated until no more cones can be placed. The 
key is to select a fi nger spreader that reaches to within 

1 mm of the working length and select matched accessory 
cones that are repeatedly placed to the level of where the 
fi nger spreader has been placed. Cross sections of the dis-
tal canal taken in the apical 1/3 ( red dashed line ) have 
been diagrammatically represented showing unfi lled/
fi lled canal space in relation to each step       
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a b

c d

e f

  Fig. 7.8    Clinical radiographs demonstrating nonsurgical 
root canal re-treatment of tooth 35. Note ( a ) preoperative 
view demonstrating off-centered root fi lling with untreated 
additional anatomy. ( b ) Following removal of previous 
gutta-percha, two canals were located and working 
lengths established. ( c ) Master apical fi le radiograph 

demonstrating confl uence of canals. Preparation 
completed using 2 % stainless steel fi les using a 1 mm 
step-back technique. ( d ) Cold lateral compaction using 
ZnOE sealer. Note the “Christmas tree” effect with 
placement of additional accessory cones ( e, f ) 
posttreatment completed case       
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7.5       Chloroform Customization 

 Solvents such as chloroform, eucalyptol or halo-
thane are used to soften the outer surface of the 
cone as if making an impression of the apical 
portion of the canal. The canal must be wet with 
sodium hypochlorite solution prior to ‘impres-
sion’ taking to ensure that the gutta- percha mas-
ter cone does not stick to the canal walls. The 
chloroform cone-dipped master gutta- percha 
cone is then removed from the canal and allowed 
to dry for 1 min to ensure that all solvent has 
evaporated and shrinkage is minimal. The cone is 
reinserted into the canal ensuring it follows the 
same path of insertion as withdrawal previously. 
The cone must be coated with sealer and laterally 
condensed with spreaders and accessory cones 
(same as cold lateral compaction) (Fig.  7.9 ).

7.6        Warm Lateral Compaction 

 Ultrasonics has also been advocated for obtura-
tion of the root canal system using a warm lateral 
condensation technique. Lateral condensation 

can be used by alternating heat after the place-
ment of an accessory gutta-percha cone. Heat is 
transferred to the gutta-percha using an ultrasoni-
cally vibrated K-fi le, which softens the mass of 
gutta-percha allowing penetration of the fi nger 
spreader and matched accessory cone. This tech-
nique allows for better condensation and homo-
geneity of both sealer and gutta-percha (see 
Figs.  7.10 ,  7.11 ,  7.12  and  7.13 ).

      A master cone corresponding to the fi nal 
instrumentation size of the canal is coated with 
sealer, inserted into the canal, heated with a warm 
spreader (using warm lateral sterilisation beads) 
or ultrasonics (energised spreading), laterally 
compacted with spreaders and fi lled with addi-
tional accessory cones. 

 Energised spreading follows the same proto-
col for cold lateral sterilisation with a modifi ca-
tion. A piezoelectric ultrasonic unit is required, 
as well as a fi le adaptor and a 15 K-type fi le. The 
ultrasonic unit is set to a high power setting and 
is activated only when the fi le comes into contact 
with gutta-percha. The fi le is gradually intro-
duced into the gutta-percha and moved apically 
to within 1 mm of the working length. A fi nger 

a b c d e
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  Fig. 7.9    Clinical radiographs and photographs demon-
strating nonsurgical root canal treatment of tooth 21 using 
cold lateral compaction and chloroform dip technique. 
Note ( a ) preoperative view of tooth 21. No obvious exter-
nal root resorption is noted. ( b ) Master apical fi le size 
verifi ed to working length. ( c ) Trial insertion of master 
gutta-percha cone. ( d ) Cone is dipped in chloroform to 
soften apical 1/3. ( e ) Cone is placed in the canal making 

sure that the canal is fl ooded with sodium hypochlorite 
solution. The cone is then removed with an impression of 
the apical anatomy. The canal is subsequently dried before 
seating of the master cone. ( f ) Placement of dipped cone 
coated with sealer to length. ( g ) Placement of fi nger 
spreader. ( h ) Cold lateral compaction technique. ( i ,  j ) 
Radiograph demonstrating obturated canal space. Note 
lateral defect has been obturated with sealer       
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a b

  Fig. 7.10    Clinical radiographs demonstrating warm 
lateral compaction technique. Note ( a ) multiple apical 
foramina have been obturated in the distal root. ( b ) 

Complex anatomy both apically and internally obturated 
in both the upper fi rst and second molar teeth       

a b c d

  Fig. 7.11    Diagrammatic representation of the energized 
spreading technique. Note ( a ) the use of ultrasonic K-fi le 
#15 that can pass easily to working length provided canal 
curvature is not excessive and master apical fi le size is at 
least 0.25 mm. ( b ) Preoperative view of the canal. ( c ) 
Placement of the master gutta-percha cone to length 

coated with sealer. ( d ) Single cone sealed to orifi ce prior 
to warm lateral compaction technique. Cross sections of 
the distal canal taken in the apical 1/3 ( red dashed line ) 
have been diagrammatically represented showing unfi lled/
fi lled canal space in relation to each step       
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spreader is then placed in this tract within the 
gutta-percha, followed by a corresponding acces-
sory point. This can be repeated two or three 
times depending on the case selected. The risk of 
apical extrusion of both gutta-percha and cement 
is greater when compared to cold lateral compac-
tion, and ultrasonic fi le placement will be depen-
dent on the pre-existing canal anatomy. Canals 
with acute curvatures may risk fi le separation and 
canal transportation may occur if the fi le fails to 
follow gutta-percha.  

7.7     Warm Vertical Compaction 

 Introduced by Schilder, the technique is 
 associated with placement of a master cone, 
coated with sealer, corresponding to the fi nal 

 instrumentation size and length of the canal and 
then heated and compacted vertically with plug-
gers until the apical 3–4 mm segment of the canal 
is fi lled. Then the remaining root canal is back-
fi lled using warm pieces of core material. 
Advantages of the warm vertical compaction 
technique include movement of the plasticised 
gutta-percha and fi lling of canal irregularities and 
accessory canals. Disadvantages include the risk 
of extrusion of material into the periradicular tis-
sues and diffi culties encountered in curved canals 
where rigid pluggers are unable to penetrate to 
the necessary depth. Traditionally, the pluggers 
were heated using an open fl ame. 

 The System B (SybronEndo) device is an 
alternative to applying heat with a fl ame-heated 
instrument, which permits temperature control. 
The continuous wave compaction technique is a 

a b c d

  Fig. 7.12    Diagrammatic representation of the energized 
spreading technique. Note ( a ) Following placement of 
master gutta-percha cone, an ultrasonic K-fi le #15 is grad-
ually introduced into the gutta-percha and moved apically 
to within 1 mm of the working length. ( b ) A fi nger spread 
is then placed in this tract within the gutta- percha to work-
ing length. ( c ) A corresponding matched gutta-percha 
cone is then inserted. This process can be continued a few 
times depending on the canal anatomy. Care must be 

taken since repeated placement of cones to working length 
can result in apical movement of gutta- percha with risk of 
overfi lling. ( d ) Final completed obturation showing 
homogenous mass of gutta-percha three dimensionally 
obturated. Cross sections of the distal canal taken in the 
apical 1/3 ( red dashed line ) have been diagrammatically 
represented showing unfi lled/fi lled canal space in relation 
to each step       
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variation of Schilder’s warm vertical compaction. 
The Elements Obturation Unit (SybronEndo) 
contains a System B device and a gutta-percha 
extruder in a motorised handpiece. The extruder 
tips are sized 20, 23, and 25 gauge and are pre- 
bent. The disposable cartridges of gutta-percha 
are heated quickly and the unit shuts off automat-
ically to prevent overheating of the material. 
Various tapered stainless-steel pluggers (each 

with a tip diameter of 0.5 mm) are available 
depending on canal taper and diameter. The tech-
nique is as follows:

    1.    Once master cone-fi t has been accomplished 
and verifi ed, a plugger is sized to fi t within 
5–7 mm of the canal length. The point of 
plugger binding should be noted, as once the 
instrument reaches this point, the hydraulic 

a b c

d e f

  Fig. 7.13    Clinical radiographs demonstrating root canal 
treatment of tooth 26. Note ( a ) preoperative view. Patient 
was experiencing irreversible pulpitis. ( b ) Initial apical 
fi le radiograph demonstrating MB1, DB, and P canals. An 
MB2 canal was also located with separate apical foramina. 
( c ) Mid-fi ll radiograph using a warm vertical compaction 
technique and AH Plus cement. Multiple foramina appear 
to be evident in the P canal. ( d ) Following backfi ll using 
Obtura. The P canal appears underfi lled in the apical 1/3. 
A warm lateral compaction technique is used in the 

P canal only. ( e ) After introducing the energized fi le to 
working length at a suitable power setting on the ultrasonic 
unit for 10–12 strokes, a fi nger spreader is taken to length 
and then a matched accessory cone is placed using 
minimal sealer. Note the apical portion of the canal and 
further sealer puffs. ( f ) Final postoperative view of tooth 
26 with complex apical anatomy in the P canal. Note also 
the isthmus that has been obturated between MB1 and 
MB2 canals       
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forces on the gutta-percha will decrease and 
forces on the root increase. The canal is dried 
and the master cone is coated with sealer and 
cemented in the canal.   

   2.    The System B unit is set to 200°C in touch 
mode. The master cone is seared at the orifi ce 
using the pre-heated system B plugger 
 previously sized. Further compaction is initi-
ated by placing a hand plugger against the 
gutta- percha in the canal orifi ce.   

   3.    The System B plugger is moved rapidly (for 
1–2 s) to within 3 mm of the binding point. 
The heat is inactivated whilst fi rm pressure is 
being maintained on the plugger for 5–10 s to 
take up any shrinkage that occurs upon cool-
ing of the softened gutta-percha. After the 
gutta- percha has cooled, a 1-s application of 
heat separates the plugger, and it is slowly 
removed (Figs.  7.14  and  7.15 ).

        4.    The canal is now ready for the backfi ll by 
using the extruder function of the System B/
Elements unit. If post space is required, then 
this has already been achieved. The speed of 
extrusion is set on the control panel. The 

 needle is primed, after preheating is com-
plete (45 s), by the forward toggle switch on 
the handpiece, which is pressed until mate-
rial extrudes out. The heated needle is then 
placed into the canal, and after a few sec-
onds, the handpiece toggle switch is acti-
vated in order to extrude gutta-percha 
material within the canal. The gutta-percha is 
then compacted one fi nal time using a hand 
plugger to either the level of the orifi ce or 
2–4 mm below depending on core material to 
be used (Figs.  7.16 ,  7.17  and  7.18 ).

7.8              Solid Core Carrier 
Techniques 

 Carrier-based thermoplasticised techniques are 
based on warm gutta-percha on a plastic car-
rier, which is delivered directly into the canal 
as a root canal fi lling. Thermafi l consists of a 
plastic core coated with alpha phase gutta- 
percha and a heating device that controls the 
temperature. A verifi er is used to check which 

a b c d

  Fig. 7.14    Clinical diagrams representing the warm 
vertical compaction technique. Note ( a ) the appropriate 
size of System B plugger checked for fi t to within 5–7 mm 
of working length and ( b ) insertion of master gutta-percha 
cone coated with sealer and seated to length. Note insert 

showing cross-sectional view taken at 1 mm from working 
length ( red dashed line ) verifying space around cone ( c ) 
System B plugger heated to within 5–7 mm of working 
length and ( d ) excess gutta-percha removed       
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a b c d

  Fig. 7.15    Clinical diagrams representing the warm vertical 
compaction technique. Note ( a ) following “downpack,” a 
pre-fi tted plugger is placed to level of previous System B 
plugger and warm gutta-percha is apically compacted. ( b ,  c ) 
Following compaction the system B extruder is used to 
“backfi ll” the remaining middle and coronal 1/3 of the canal. 

Each segment of gutta-percha can be further vertically com-
pacted to prevent any voids. ( d ) The fi nal obturation should 
result in a homogenous three-dimensional mass of gutta-
percha from the apex to coronal orifi ce. Note the insert show-
ing diagrammatic representation of the cross section taken at 
1 mm from the working length ( red dashed line )       

a b c d

e f g h

  Fig. 7.16    Clinical radiographs and photographs demon-
strating nonsurgical root canal treatment of tooth 46 
through a cast restoration. Note ( a ) preoperative view of 
tooth 46, ( b ) master apical fi le sizes confi rming working 
lengths, ( c ) downpack, and ( d ) postoperative view. ( e ) 

Clinical view of distal canal following fi nal irrigation, ( f ) 
placement of master gutta-percha cone with sealer to 
length, ( g ) downpack using System B plugger to within 
4 mm of working length, and ( h ) backfi ll completed using 
Obtura       
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size carrier should be employed. The carrier is 
set to the predetermined length using the mil-
limetre calibration markings on the carrier 
shaft. The canal walls are coated with the 

appropriate sealer. After heating the carrier in a 
purpose-designed oven for a specifi ed time, the 
clinician must then insert it into the canal, 
without rotating or twisting it (see Figs.  7.19  

  Fig. 7.17    Clinical radiographs demonstrating cases treated with the warm vertical compaction technique       

a b

  Fig. 7.18    Clinical radiographs demonstrating unusual 
anatomy in an upper right fi rst molar obturated using a 
warm vertical compaction technique using AH Plus 

cement. Note ( a ) preoperative view showing a bulbous 
palatal root. ( b ) Postoperative view demonstrating two 
independent palatal canals       
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and  7.20 ). An advantage of this technique is 
the movement of gutta-percha into  lateral and 
accessory canals. The main disadvantage how-
ever is the risk of extrusion of material beyond 

the apical extent of the preparation. Matched 
carriers are available depending on the prepa-
ration  system employed (e.g. ProTaper, 
Reciproc, WaveOne).

  Fig. 7.19    Clinical 
photographs showing 
Thermafi l carrier-based 
system       

a b c d

  Fig. 7.20    Clinical diagrams showing carrier-based ther-
moplasticized compaction technique. Chemomechanical 
preparation must be completed to adequate taper and size 
prior to obturation. Note ( a ) verifi er used to confi rm 
appropriate size carrier is selected. ( b ,  c ) The canal walls 
are lightly coated with sealer. A matched carrier is heated 

in the oven according to specifi c time and temperature 
before insertion to working length. ( d ) Plastic carrier is 
sectioned at coronal level prior to fi nal coronal restora-
tion. The plastic carrier-type system has now been super-
seded with a Gutta-Core which enables re-treatment to be 
easier according to the manufacturers       
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7.9         Thermomechanical 
Compaction Techniques 

 Introduced by McSpadden, this method utilises a 
compactor with fl utes similar to a Hedstrom fi le, 
but reversed. The appropriate compactor is 
selected depending on the size of canal prepara-
tion and inserted using a handpiece alongside the 
gutta-percha cone to within 3–4 mm of the work-
ing length. The gutta-percha is heated using fric-
tion of the rotating bur resulting in gutta-percha 
compaction both laterally and apically as the 
device is slowly withdrawn from the canal. The 
advantages of using such a system included 
speed, simplicity and the ability to fi ll irregular 
canal anatomy. Disadvantages include the possi-
bility of extrusion of fi lling material beyond the 
apex, the potential for instrument separation and 
inherent problems associated with curved canals.  

7.10     Injection Techniques 

 The Obtura system (Obtura Spartan) consists of a 
handheld ‘gun’ with a chamber into which pellets 
of gutta-percha are loaded, along with needles of 
varying gauges used to deliver the thermoplasti-
cised material into the canal. The temperature, 
and thus the viscosity, of the gutta- percha can be 
adjusted. A hybrid technique can be employed to 
ensure minimal extrusion of material beyond the 
confi nes of the canal apically by fi lling the canal 
to approximately 4–5 mm from the apex using 
the cold lateral compaction technique before 
gradually fi lling the coronal portion with thermo-
plasticised gutta-percha. The needle backs out of 
the canal as it is fi lled, and hand pluggers are 
used to compact the gutta- percha until the gutta-
percha cools and solidifi es to compensate for the 
contraction or shrinkage that occurs upon 
cooling. 

 The Calamus Flow Obturation Delivery 
System (Dentsply-Tulsa Dental, Tulsa, OK, 
USA) has a calamus pack and fl ow handpiece 
with an activation cuff to enable control of the 
fl ow and temperature of the gutta-percha into 
the canal. The activation cuff is released to stop 

the fl ow. The calamus pack handpiece utilises an 
appropriately sized heat plugger (available in 
ISO colours black, yellow and blue correspond-
ing to working length diameters and tapers of 
40/03, 50/05 and 60/06, respectively). The cala-
mus fl ow handpiece is utilised in conjunction 
with a one- piece gutta-percha cartridge (available 
in 20- and 23-gauge sizes) to dispense warm 
gutta-percha into the canals. 

 GuttaFlow (Coltene Whaledent, Cuyahoga 
Falls, Ohio) is a cold, fl owable technique 
that combines a polydimethylsiloxane sealer 
(RoekoSeal), powdered gutta-percha with a 
particle size of less than 30 μm and nanosilver 
particles contained in a plastic capsule that is trit-
urated prior to use. The apical preparation should 
be as small as possible to prevent extrusion, and 
the canal is fi lled in combination with a single 
master gutta-percha cone.  

7.11     Obturation Mishaps 

 Obturation mishaps including underfi lling, 
suboptimal obturation, overextension and 
overfi lling can arise as a result of inadequate 
cleaning and shaping (ledges, perforations, 
inaccurate working lengths and underprepared or 
overprepared canals) (Fig.  7.21 ). If inadequate 
obturation is not a result of an instrumentation 
error, the clinician should recognise this 
reversible procedural error on the obturation 
check fi lm. The obturation material should then 
be removed and the canal re-obturated prior to 
placement of the coronal restoration (see 
Figs.  7.22  and  7.23 ). If the procedural error is 
gross overextension of material into the periapical 
tissues, removal by conventional means may not 
be possible and periapical surgery may be 
necessary. If a clinician is having diffi culty with 
the obturation phase of endodontic therapy, their 
cleaning and shaping technique should be re-
evaluated prior to consideration of changing 
obturation techniques.

     Using conventional techniques employing the 
use of gutta-percha and sealer, warm lateral and 
vertical compaction techniques will lead to 
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greater risk in both sealer and gutta-percha extru-
sion. Correctly shaped canals result in tapered 
preparations that serve to control and limit the 
movement of warm gutta-percha during obtura-
tion techniques. An ultra-thin fi lm of sealer is 
desirable to fi ll remaining canal space between 
master cone and dentine walls ensuring that mini-
mal shrinkage and predisposition to dissolution 
over time occur. More importantly, the objective 
of warm vertical condensation techniques to con-
tinuously carry a wave of warm gutta-percha and 
sealer along the length of the canal will inadver-
tently result in some sort of sealer puff laterally 
or apically. Extrusion of small amounts of sealer 
is of no concern and although may result in mild 
infl ammation initially is usually well tolerated 
over time. On the other hand, extrusion of large 
amounts of sealer from beyond the confi nes of 
the canal will inadvertently lead to persistent 
infl ammation, pain and risk of damage to sur-
rounding structures (such as the maxillary sinus 

and neurovascular bundles) (Figs.  7.24 ,  7.25  and 
 7.26 ). Generally, gutta- percha in bulk forms of 
sterile material with smooth surfaces placed 
within the bone or soft tissue evokes a fi brous tis-
sue encapsulation. Particulate materials on the 
other hand have the capacity to invoke a foreign 
body and chronic infl ammatory reaction. It is 
therefore the sealer and components of sealers 
that are recognised by scientifi c literature as 
highly irritating or neurotoxic that warrants atten-
tion, recognition and early management thereof.

     Nerve recovery subsequent to an endodontic 
mishap is unpredictable, and so the clinician’s 
timely response is important both from careful 
follow-up and appropriate referral where neces-
sary. Neurosensory perception can be divided 
into mechanoreception and nociception. 
Mechanoreception can further be divided into 
two-point discrimination and brush directional 
stroke. Nociception can be subdivided into pin-
prick and thermal discrimination. Neural injuries 

a b c

d e f

  Fig. 7.21    Clinical diagrams showing obturation mishaps. 
Note ( a ) well-obturated canal space with no evidence of 
voids. ( b ) Underfi lled case. ( c ) Suboptimal obturation 
with voids. ( d ) Overextension Note this type of fi lling is 
not well fi lled in three-dimensions. ( e ) Over-fi lled 

whereby surplus material has been extruded beyond the 
confi nes of the canal. Retrieval of the overfi lled gutta- 
percha will be very diffi cult. ( f ) Risk of overfi lling in the 
mandibular arch is neural damage       
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are most commonly classifi ed using Seddon’s 
classifi cation depending on the extent of injury. 
Neurotmesis is the most severe nerve injury 
where nerve conduction is completely disrupted 
resulting in complete anaesthesia and loss of 
feeling or sensation. It can produce dysaesthesia 
(an abnormal unpleasant sensation often burning 
in character) and recovery can be limited. 
Axonotmesis is when an injury occurs to the 
underlying axons resulting in paraesthesia or 
abnormal altered sensation. These types of 

 injuries may show some degree of sensory nerve 
recovery after several months. Neuropraxia 
occurs when the nerve is injured leading to con-
duction blockage with no Wallerian degenera-
tion. This will result in transient paraesthesia that 
has the possibility of recovery within a few 
days to weeks. Where anaesthesia or painful 
 dysaesthesia is a direct result of overfi lling, the 
clinician must consider prompt referral to an 
 oral-maxillofacial surgeon who can provide an 
appropriate and timely surgical intervention if 

a b c

e f g
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  Fig. 7.22    Clinical radiographs demonstrating nonsurgi-
cal root canal re-treatment of tooth 45. Note ( a ) preopera-
tive view demonstrating large periradicular radiolucent 
lesion associated with the periapex of tooth 45. ( b ) IAF 
and ( c ) MAF working length radiographs. ( d ) Placement 
of intracanal calcium hydroxide dressing for 3 months. ( e ) 

Obturation completed using a warm vertical compaction 
technique. Note apical 1/3 void ( red arrow ). ( f ) Additional 
ultrasonic energized spreading was carried out to this 
level with accessory gutta-percha placed to length. ( g ) 
Completed obturation with no obvious voids and coronal 
double seal restoration       
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indicated to allow for nerve recovery. Extrusion 
of material into the maxillary division of the tri-
geminal nerve or into the sinus can also lead to 
potential neural injuries and sinus complications 
that may need further surgical intervention (see 
Figs.  7.24 ,  7.25  and  7.26 ).  

7.12     Clinical Cases 

  Case 1     Non-surgical root canal treatment of tooth 
17 and non-surgical root canal retreatment of tooth 
16 using a warm vertical compaction technique 

 A fi t and healthy 22-year-old male patient was 
referred for endodontic management of teeth 16 

and 17. He had recently been seen for emergency 
pulp extirpation in tooth 17 following severe 
localised pain and tenderness to percussion. At 
the consultation appointment, the patient was still 
aware of pain and tenderness in the area. Clinical 
examination confi rmed previous endodontic 
access cavity in tooth 17. Tooth 16 was restored 
with an extensive tooth-coloured restoration. 
This tooth had undergone root canal treatment a 
few years earlier. Obvious percussion tenderness 
was noted in relation to both these teeth. 
Radiographic examination confi rmed previous 
endodontic access in tooth 17. A periradicular 
radiolucency was noted with the MB root. Tooth 
16 had evidence of previous root canal treatment. 

a b c d

e f g h

  Fig. 7.23    Clinical radiographs demonstrating non-surgi-
cal root canal treatment of tooth 46 with obturation prob-
lems that were addressed at the mid-fi ll stage. Note ( a ) 
preoperative fi lm, ( b ) master apical fi le (MAF) working 
lengths, and ( c ) warm vertical compaction following 
downpack using System B and Obtura (midfi ll radio-
graph). Obvious extrusion can be seen in the distal canal. 

( d ) The distal root fi lling was completely removed using 
H fi les. ( e ) Master gutta-percha cone fi lm in the distal root 
to verify length prior to proceeding with warm vertical 
compaction. ( f ) Second downpack. Note no overfi lling 
noted. ( g ) Obtura backfi ll, and ( h ) fi nal completed obtura-
tion. All canals were obturated to length according to 
respective MAF lengths and radiograph       
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Gutta-percha root fi llings were noted in the 
P, MB1 and DB canals. Periradicular radiolucen-
cies were noted with the MB and P apices. 
Previous gutta-percha root fi lling material was 
underfi lled in the P canal and signifi cantly short 
in the MB canal. 

 After a lengthy discussion with the patient, a 
decision was made to complete non-surgical end-
odontic treatment in tooth 17 and consider 
retreatment of tooth 16 (see Fig.  7.27 ).

   Access cavity preparation was refi ned in tooth 
17, and following ultrasonic troughing mesially, 
four canals were identifi ed. The MB1 and MB2 
canals had separate apical foramina. Patency was 
maintained and chemomechanical preparation was 
completed using rotary Ni-Ti fi les (ProTaper Next) 
and sodium hypochlorite solution. An intra-canal 
dressing of calcium hydroxide was placed. The 
patient was seen a week later to commence end-
odontic retreatment of tooth 16. An initial access 
cavity was prepared and ultrasonic  troughing 

used to refi ne access cavity design and aid dis-
mantling of the composite core. Gutta-percha 
root fi llings were identifi ed. Further troughing 
mesially revealed an untreated MB2 canal. Gutta-
percha root fi llings were removed using a com-
bination of chloroform wicking and retreatment 
rotary fi les. Patency was achieved in all canals. 
Chemomechanical preparation was completed 
using sodium hypochlorite solution and rotary 
Ni-Ti instruments (ProTaper Next). An intra-canal 
dressing of calcium hydroxide was placed and a 
fi nal obturation appointment scheduled for both 
teeth in a further 4 weeks. At time of obturation, 
the patient remained asymptomatic. Obturation of 
both cases was completed using a warm vertical 
compaction technique using AH plus cement and 
gutta- percha using System B and Obtura backfi ll. 
Both teeth had temporary IRM/GIC cores placed, 
and the patient was advised to see his general den-
tal practitioner for placement of cores and cast res-
torations when convenient (Figs.  7.27  and  7.28 ).

a b

  Fig. 7.24    ( a ) Clinical radiograph demonstrating 
overfi lling in an upper right second molar resulting in 
extrusion (overfi ll) of material into the maxillary sinus 
(not treated by author). The patient reported ongoing pain 
in the region following endodontic treatment with her 
general dental practitioner. An endodontic referral was 
sought for a second opinion from the patient who was a 
healthcare professional. A cone beam CT scan (see 
Fig.  7.25 ) was organized to assess the extent of overfi ll 

and its relationship to the maxillary sinus. Nonsurgical 
re-treatment is unlikely to retrieve the excess material 
beyond the confi nes of the canal. Surgical apicectomy or 
extraction with additional removal of material from the 
maxillary sinus will be the only options to manage this 
case. ( b ) An example of an overextended root fi lling. Note 
the single point gutta-percha with canal transportation and 
perforation. Surgery would have been the only option to 
rectify this situation       
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     Case 2     Non-surgical root canal treatment of 
tooth 37 with C-shaped anatomy using a combi-
nation of warm vertical compaction and warm 
lateral compaction 

 A fi t and healthy 48-year-old female patient 
was referred for endodontic management of tooth 
37. The patient had previously attended her gen-
eral dental practitioner with regards to severe 
localised pain. A pulpotomy was performed and 
referral sought. At time of consultation, tooth 37 
was asymptomatic. Radiographic examination 
revealed a single fused root system (Fig.  7.29 ).

   The patient was warned of the risks associated 
with treating a C-shaped canal system, and a deci-
sion was made to complete non-surgical root 
canal treatment. Access preparation was refi ned 
confi rming a C-shaped canal system. MB, ML 
and D canals were initially prepared using hand 
fi les and rotary Ni-Ti fi les (ProTaper Next). The 
isthmus between the canals was further prepared 
using ultrasonic troughing. MB and ML canals 
were confl uent. The distal C-shaped canal system 
was also confl uent with the ML canal. 
Supplementary sonic irrigation using sodium 

a

c d

b

  Fig. 7.25    ( a – d ) Conebeam CT scan images 
demonstrating overfi ll case of tooth 17 with surplus 
material beyond the confi nes of the root canal within the 
maxillary sinus. A number of cases of aspergillosis of the 
maxillary sinus have been reported in association with 
overextension of root canal fi llings with certain root canal 
cements. It has been suggested that zinc oxide-based root 
canal cements might promote the infection with the 

Aspergillus species. In particular,  Aspergillus fumigatus  
has been found to be associated with the maxillary sinus 
infection. Radiographically, the unique appearance of a 
dense opacity foreign body reaction in the maxillary sinus 
was considered a characteristic fi nding in maxillary sinus 
aspergillosis. A surgical approach and referral to OMFS 
was discussed with the patient       
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hypochlorite was  performed to further debride the 
complex canal system and isthmuses. An intra-
canal medicament of calcium hydroxide was 
placed for a 4-week period prior to obturation. 

 Obturation was completed using a warm vertical 
compaction technique using AH plus cement and 
Obtura. Following backfi ll, voids were noted in the 
C-shaped canal system. Further use of  ultrasonic 

energised warm lateral compaction was carried out 
using a 15K fi le to working lengths in all three 
canals. A fi ne fi nger spreader was placed to length 
and accessory fi ne cones used with AH plus cement. 
A temporary IRM/GIC coronal restoration was 
placed and the patient was advised to see her gen-
eral dental practitioner for defi nitive cast restoration 
(Fig.  7.30 ).

IDC

a b

c d

  Fig. 7.26    Clinical radiographs and cone beam CT scan 
of tooth 46 which had been referred for an endodontic 
opinion following extrusion of root fi lling material. Note 
( a ) posttreatment parallel periapical radiograph showing 
extruded material associated with mesial and distal apices. 
( b – d ) Multiplanar cone beam images showing relationship 
between extruded material and inferior dental canal 
(IDC). The case had been obturated using Thermafi l and 
AH Plus cement. During posttreatment, the patient 
experienced ongoing pain in relation to this tooth. The 
patient was referred for a cone beam CT scan which 

confi rmed extruded root fi lling material inferior to the 
mesial root of tooth 46 and in close proximity to the 
superior margin of the right inferior dental canal. The 
patient’s symptoms were improving and there were no 
signs of anesthesia or paresthesia in the area. A decision 
was made to continue monitoring and eventually her 
symptoms subsided. This case highlights the obvious 
risks when obturating canals, and in cases where there is 
obvious neural defi cit, a prompt referral and timely 
management will dictate whether long-term paresthesia/
anesthesia may persist       
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     Case 3     Surgical apicectomy of tooth 25 with 
persistent apical pathology due to overfi lling 

 A fi t and healthy 45-year-old female patient 
was referred for management of tooth 25. The 
patient recalled endodontic treatment had been 
carried out 5 years previously. For the past 5 
months, the patient had been aware of localised 
gum swelling and pus in the overlying buccal 
mucosa. Clinical examination revealed tooth 
25 had been restored with an intact coronal 
tooth- coloured restoration. A draining sinus 
was noted in the overlying buccal mucosa. 
Radiographic examination revealed a satisfac-
tory root fi lling with surplus material beyond 

the confi nes of the canal. A periradicular radio-
lucency was noted. A gutta-percha sinus-trac-
ing radiograph was tracked to the periapex of 
tooth 25 (Fig.  7.33 ). Treatment options were 
discussed including non- surgical root canal 
retreatment, surgical apicectomy and retro-
grade fi lling and extraction and prosthodontics 
replacement. The patient was referred for a 
cone-beam CT scan for further assessment. 
The cone-beam report confi rmed an extensive 
periradicular radiolucent lesion with loss of 
cortical buccal bone. Two canals were seen 
obturated to length with an overfi ll confi rmed 
(Fig.  7.31 ).

a b

c d e

  Fig. 7.27    Clinical radiographs demonstrating nonsurgi-
cal root canal treatment and re-treatment of teeth 16 and 
17 obturated using a warm vertical compaction technique. 
Note ( a ) preoperative view of teeth 16 and 17. Note peri-
radicular radiolucencies associated with MB root of tooth 
17 and P root of tooth 16. Previous root treatment in tooth 

16 short in MB root with only one canal treated. Also note 
underfi lled P canal with internal root resorption lesion in 
apical 1/3 of canal. ( b ) Right bitewing radiograph. ( c ) IAF 
and ( d ) master gutta-percha points in tooth 17. ( e ) Master 
apical fi les in tooth 16 following removal of previous root 
fi lling material and chemomechanical preparation       
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   After a lengthy discussion with the patient, a 
decision was made to proceed with surgical api-
cectomy of tooth 25. A papillary preservation 
fl ap was raised with a mesial relieving incision. 
Following mucoperiosteal fl ap refl ection, the 
bony crypt was identifi ed with extensive erosion 
of the buccal cortical plate (Fig.  7.32 ).

   Soft tissue excision was carried out and granu-
lation tissue removed ensuring all endodontic 
overfi lling material had been removed. Root-
end resection was carried out and retrograde 

 preparation completed using ultrasonics. A bioc-
eramic retrograde fi lling was placed (Biodentine) 
(Fig.  7.33 ). The bony crypt was irrigated with 
saline and closure achieved using 5.0 Vicryl 
sutures. The patient was reviewed at 1 week for 
suture removal and followed up 4 weeks later to 
ensure soft tissues were healing. At the 4-week 
review, the patient remained asymptomatic and 
the buccal sinus had resolved. A further review 
was scheduled to assess bony healing in a further 
6 months.

a b

c d

  Fig. 7.28    Clinical radiographs demonstrating obturation 
of teeth 16 and 17 using warm vertical compaction 
technique and AH Plus cement. Note ( a ) completed RCT 
in tooth 17 and downpack in tooth 16. Palatal canal 
working length 23.5 mm and downpack performed to 

20 mm to ensure internal root resorption defect is 
obturated. ( b ) Backfi ll using Obtura. Note ( c ,  d ) completed 
obturation of the case with IRM/GIC temporary coronal 
restorations. The patient was warned about possible 
postoperative sensitivity as a result of the sealer puffs       
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     Case 4     Non-surgical root canal treatment of 
tooth 36 with confl uent canals obturated with 
combination of warm vertical and warm lateral 
compaction techniques 

 A 45-year-old gentleman was referred for end-
odontic management of tooth 36. The referring 
dentist had previously seen the patient and started 
root canal therapy through a ceramic crown resto-

ration following symptoms of pulpitis. Due to dif-
fi culties negotiating the mesial canals, a referral 
was sought. At time of consultation, the patient 
had been asymptomatic. Clinical examination 
revealed tooth 36 had been restored with a ceramic 
crown restoration with good marginal integrity. 
An occlusal access was confi rmed. Radiographic 
examination confi rmed prior endodontic access. 

a b

c d

  Fig. 7.29    Clinical radiographs demonstrating nonsurgi-
cal root canal treatment of tooth 37. Obturation was com-
pleted using a combination of warm vertical compaction 
and warm lateral compaction using the energized spread-
ing technique using gutta-percha and AH Plus cement. 
Note ( a ) preoperative view of tooth 37 showing a fused 
root. ( b ) Master apical fi le radiograph with confl uence of 
the mesial canals. A C-shaped root canal system was 

 confi rmed. Following initial chemomechanical prepara-
tion, additional sonic irrigation was used to debride the 
complex root canal system. An intracanal calcium hydrox-
ide medicament was placed for 4 weeks prior to obtura-
tion. ( c ) Downpack radiograph using gutta-percha master 
cones and AH Plus cement. ( d ) Backfi ll radiograph using 
Obtura. Note underfi lled canal system with voids ( red 
arrow )       
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a b

  Fig. 7.30    Clinical radiographs demonstrating completed 
obturation of tooth 37 with C-shaped canal system. Note 
( a ) completed obturation following warm vertical 

compaction and warm lateral compaction using gutta- 
percha and AH Plus cement. ( b ) Final radiograph showing 
IRM and GIC coronal temporary restoration       

a

b c

  Fig. 7.31    Cone beam CT scan showing ( a – c ) extent of apical lesion, overfi lled root fi lling material, and erosion of 
buccal cortical plate       
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The roof of the pulp chamber was still intact dis-
tally. A periradicular radiolucency was noted with 
the mesial root apex. Treatment options were dis-
cussed and the patient was keen to continue with 
non-surgical root canal therapy. 

 Access cavity was refi ned and the roof of the 
pulp chamber removed. Ultrasonic troughing was 
carried out to further refi ne the occlusal access 
cavity. Initially, four canals were noted (MB, ML, 
DB and DL). Working lengths were determined 
using an electronic apex locator and confi rmed 
radiographically. Further ultrasonic troughing 
was carried out between the isthmus joining the 
MB and ML canal to reveal an additional middle 
mesial canals (MM). All canals were confl uent in 
the apical 1/3rd of the mesial and distal roots. 
Chemomechanical preparation was completed 
using 1 % sodium hypochlorite solution and 
rotary endodontic fi les (ProTaper Next). An intra-
canal medicament of calcium hydroxide was 
placed for a 4-week period (Fig.  7.34 ).

   At the obturation appointment, the patient was 
asymptomatic. A fi nal rinse of 1 % sodium hypo-
chlorite, saline and 17 % EDTA was used. The 
canals were dried prior to commencement of 
obturation. A cone-fi t radiograph was taken to 

verify master apical gutta-percha points in the 
mesial canals. Obturation was completed using a 
warm vertical compaction technique using AH 
plus cement. In the mesial root, all cones were 
cemented in place prior to individual down pack-
ing. Following down pack, a mid-fi ll radiograph 
was taken to confi rm homogeneity of apical 
gutta-percha. Backfi ll was completed using 
Obtura and System B. A further radiograph was 
taken to confi rm fi nal obturation. A void was 
noted in the apical 1/3rd of the distal canal 
(Fig.  7.34 ). Further use of energised spreading 
was carried out using an ultrasonically activated 
K-fi le to working lengths. A coronal temporary 
restoration of IRM and glass ionomer cement 
was placed and the patient advised to see his gen-
eral dental practitioner for defi nitive coronal res-
toration. Final radiograph demonstrated 
homogenous dense fi lls in fi ve canals with 
patency confi rmed by sealer puffs in both mesial 
and distal roots (Fig.  7.35 ). The patient was 
warned of the possibility of post-operative sensi-
tivity and followed up a week later. He remained 
asymptomatic at which time he was discharged 
back to the care of his general dental 
practitioner.

a b

  Fig. 7.32    ( a ) Cone beam CT reformatted demonstrating buccal cortical plate erosion with tooth 25. ( b ) Following 
papillary preservation fl ap elevation the bony crypt could be visualized with obvious cortical plate erosion       
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     Case 5     Non-surgical root canal treatment of tooth 
47 with internal root resorption and complex distal 
root anatomy treated with a combination of warm 
vertical and warm lateral compaction 

 A 49-year-old male patient who suffered from 
well-controlled hypertension was referred for 
endodontic management of tooth 47. The patient 
had been experiencing increasing pain and sensi-
tivity with the tooth eventually culminating in 
acute pulpitis. Following emergency pulp extir-
pation by his general dental practitioner, all his 

symptoms subsided. The patient was referred for 
completion of endodontic treatment. At time of 
consultation, clinical examination revealed an 
intact occlusal dressing. Tooth 47 was asymp-
tomatic with no pain on palpation or percussion. 
Radiographic examination confi rmed prior end-
odontic access. An unusual radiolucency was 
noted in the coronal 1/3rd of the distal root canal 
system. The distal root appeared bulbous with 
possible bifurcation in the apical 1/3rd (see 
Fig.  7.36 ).

a b

c d

  Fig. 7.33    Clinical radiographs demonstrating ( a ) preop-
erative view of tooth 25. Note overprepared root canal 
with surplus root fi lling material beyond the confi nes of 
the canal system. A periradicular lesion can be seen. ( b ) 
Gutta-percha sinus tracing radiograph tracked to the peri-
apex and surplus endodontic material associated with 

tooth 25. ( c ) Granulation tissue and excess endodontic 
material removal and root resection carried out. ( d ) 
Retrograde preparation completed using ultrasonics and 
placement of retrograde Biodentine (similar opacity to 
adjacent dentine)       
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   Access cavity refi nement revealed four canals. 
Chemomechanical canal preparation was com-
pleted using rotary fi les following glide path 
preparation. The distal root bifurcated in the api-
cal 1/3rd with two separate apical foramina 
(Vertucci 1–2 canal confi guration). Patency was 
maintained in all canals and supplemental sonic 
irrigation was carried out using the EndoActivator. 

An intra-canal dressing of calcium hydroxide 
was placed for a period of 4 weeks. 

 At time of obturation, the tooth remained 
asymptomatic. A fi nal irrigation regime of 1 % 
sodium hypochlorite and 17 % EDTA was used 
as a rinse. The canals were dried and master 
cones seated to length coated with AH plus 
cement. A warm vertical compaction technique 

a b c

d e f

  Fig. 7.34    Clinical radiographs demonstrating nonsurgi-
cal root canal treatment of tooth 36. Note ( a ) preoperative 
view showing calcifi ed coronal pulp chamber, previous 
access with intact dentine overlying the distal roots ( yel-
low arrow ). ( b ) IAF radiograph showing MB, ML, and D 
canals (note DB and DL canals confl uent in apical 1/3). 
( c ) Following the use of ultrasonic troughing in the mesial 
root, an additional middle mesial canal was located. All 
three canals were confl uent in the apical 1/3. ( d ) Master 

apical gutta-percha cones checked for fi t in the mesial 
root. ( e ) Mid-fi ll radiograph demonstrating downpack and 
apical gutta-percha fi ll. A warm vertical compaction tech-
nique using AH Plus, System B, and Obtura was used. ( f ) 
Following completion of backfi ll, a void was noted in the 
apical 1/3 of the distal canal ( red arrow ). A warm lateral 
compaction technique was used with an energized ultra-
sonic K-fi le to working length, fi ne fi nger spreader, and 
corresponding accessory cones       
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was used using System B and Obtura with 
gutta-percha. 

 Additional warm lateral compaction (ener-
gised spreading technique) was used in the distal 
root canal system to ensure a homogenous root 
fi lling was obtained both in the apical 1/3rd (level 
of bifurcation) and the coronal 1/3rd (internal 
root resorption defect). 

 A temporary double seal coronal restoration 
of IRM and glass ionomer cement was placed 
prior to discharge. The patient was advised to see 
his general dental practitioner for placement of a 
permanent cast cuspal coverage restoration.  

  Case 6     Non-surgical root canal treatment of 
tooth 38 which had been transplanted into the 35 
positions. Mesial canals obturated with warm 
vertical compaction using AH plus cement and 
gutta-percha. Distal canal obturated with MTA/
gutta-percha 

 A fi t and healthy 24-year-old and healthy 
patient was referred for endodontic management 
of tooth 38. The patient recently had his infraoc-
cluded ankylosed second deciduous mandibular 
molars removed. The permanent successors 

(teeth 35 and 45) were congenitally missing. The 
patient was then seen by an oral-maxillofacial 
surgeon for removal of impacted mandibular wis-
dom teeth. A decision was made to extract both 
lower 38 and 48 and transplant the teeth to the 35 
and 45 spaces (see Fig.  7.37 ). Following trans-
plantation, the patient was reviewed and tooth 38 
(transplanted to tooth 35 position) was diagnosed 
as non-vital. An endodontic referral was made for 
further management.

   At time of endodontic consultation, a draining 
sinus was noted in the overlying buccal mucosa 
of tooth 38. A gutta-percha sinus-tracing 
radiograph confi rmed the sinus originated from 
the mesial root of tooth 38. A provisional 
diagnosis of chronic apical periodontitis with 
suppuration of tooth 38 was made. After a lengthy 
discussion with the patient, a decision was made 
to proceed with non-surgical endodontic 
therapy. 

 Access cavity preparation confi rmed three 
canals (as seen by previous cone-beam CT scan) 
(see Figs.  7.37  and  7.38 ).

   Chemomechanical canal preparation was 
completed with a combination of stainless-steel 
hand fi les and rotary fi les using 1 % sodium 

MB
MM

ML

DB
DL

a b

  Fig. 7.35    ( a ,  b ) Radiographic examination showing com-
pleted nonsurgical root canal treatment of tooth 36. Note 
access cavity through existing crown ( dotted yellow line ), 

fi ve canals cleaned and shaped, apical 1/3 void removed 
( red arrow ) and sealer puffs in mesial and distal apices con-
fi rming maintenance of apical patency ( green arrows )       
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hypochlorite solution. The mesial canals were 
prepared using rotary fi les. Ultrasonic troughing 
was carried out between the isthmus joining 
the MB and ML canal revealing a large 

 communication. The distal canal was a large 
ovoid-shaped canal system (size #100). Working 
length determination was carried out using a 
combination of electronic, radiographic and 

a b

c d

  Fig. 7.36    Clinical radiographs demonstrating nonsurgi-
cal root canal treatment of tooth 47 using a warm vertical 
compaction/warm lateral compaction technique with AH 
Plus cement and gutta-percha. Note ( a ) preoperative view 
of tooth 47. ( b ) Unusual canal confi guration demonstrat-
ing internal root resorption in the middle 1/3 of the distal 
canal ( black arrow ) and Vertucci 1–2 canal confi guration 

in apical 1/3 ( red arrow ). ( c ) Master apical fi le radiograph 
following chemomechanical preparation using 1 % 
sodium hypochlorite solution. ( d ) Final completed obtura-
tion. Note the internal resorption defect has been obtu-
rated as well as the complex apical anatomy in the distal 
root       
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paper points. An intra-canal calcium hydroxide 
dressing was placed 4 weeks. The patient was 
reviewed at the 4-week period and the draining 
sinus in relation to tooth 38 had resolved. A fur-
ther appointment was scheduled for completion 
of endodontic treatment. 

 Obturation of the mesial canals was com-
pleted using a warm vertical compaction tech-
nique using AH plus cement, gutta-percha, 
system B and Obtura. The distal canal was obtu-
rated using MTA in the apical 5 mm followed by 

gutta- percha backfi ll (see Fig.  7.39 ). A tempo-
rary coronal restoration of Biodentine and glass 
ionomer cement was placed prior to discharge 
back to his general dental practitioner. The 
patient was reviewed at 3 months and he 
remained asymptomatic. Tooth 48 remained 
asymptomatic but non-responsive to pulp sensi-
bility testing. Further review appointments were 
scheduled to monitor periapical healing of tooth 
38 and monitoring of the pulp status of tooth 48 
(Fig.  7.40 ).

a

b c d

  Fig. 7.37    Cone beam CT scan showing ( a ) transplanted 
teeth 38 and 48 into 35 and 45 positions. Teeth 35 and 45 
were congenitally missing. ( b ) Coronal view of tooth 38 

demonstrating periapical pathology. ( c ) Sagittal cross- 
sectional (buccolingual) view. ( d ) Axial view showing 
internal anatomy       
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a b

c d

  Fig. 7.38    Clinical radiographs demonstrating nonsurgical 
root canal treatment of transplanted tooth 38. Note ( a ) pre-
operative parallel long-cone conventional digital radio-
graph demonstrating periradicular infection associated with 
the periapex of tooth 38. ( b ) A gutta- percha sinus tracing 
radiograph confi rming intraoral draining sinus in overlying 
attached buccal mucosa is related to the mesial root of tooth 

38. ( c ) Initial apical fi le radiograph. Working length estab-
lished for mesial canals #50 K-fi les. Distal canal had a wide 
open apex with bleeding making electronic working length 
determination diffi cult. ( d ) Master apical fi le radiograph. 
The distal canal length was determined using a combina-
tion of electronic apex and paper point technique. MAF fi le 
size in distal canal was #100       
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a b

c d

  Fig. 7.39    Clinical radiographs demonstrating obturation 
of tooth 38. The mesial canals were obturated using AH 
Plus cement and a warm vertical compaction technique 
using AH Plus cement. The distal canal was obturated 
using MTA in the apical/middle portion of the canal and 

backfi ll using gutta-percha in the remaining coronal 
portion of the canal. Note ( a ) completed warm vertical 
compaction using gutta-percha in the mesial root system. 
( b – c ) MTA fi ll. ( d ) Completed obturation       
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      Clinical Hints and Tips to Avoid Obturation 

Mishaps 

•      Preoperative assessment 
   It is important to identify preoperatively 
any neural structures or proximal risk to 
anatomical structures such as the maxillary 
sinus in relation to the tooth undergoing 
endodontic therapy. Consider referral when 
warranted.     

•    Working length determination 
   Working length is essential and maintain-
ing an apical foramen as small as possible 
is important during the cleaning and shap-
ing procedures.     

•    Resistance form 
   Tapered preparations should be created to 
ensure that an apical stop has been created 
to limit extrusion of material beyond the 
confi nes of the canal.     

•    Technique used 
   The fi nal obturation technique selected 
should bear in mind any anatomical con-
straints such as resorptive defects that may 
increase the likelihood of overfi lling. In 
general, cold lateral techniques will lead to 
the least risk of extrusion compared to 
warm vertical compaction.     

•    Material selection 
   Do not use toxic materials such as N2 or 
Endomethasone which are no longer 
recommended.     

•    Apical barriers 
   May be considered to further prevent extru-
sion of material, particularly in cases where 
teeth are in close proximity to neurovascu-
lar bundles     

•    Sealer volume 
   Should be kept to minimal not only to pre-
vent long-term risk of dissolution and 
shrinkage but also the immediate risk of 
extrusion and complications            
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      Endodontics in the Deciduous/
Mixed Dentition                     

     Bobby     Patel   

    Summary  

  Formocresol pulpotomy was the standard of care when used for vital 
 primary pulp therapy. Concern has been expressed as to the safety of 
formocresol use in paediatric dentistry. From the published data, available 
ferric sulphate, mineral trioxide aggregate (MTA) and indirect pulp treat-
ment (IPT) appear to be promising alternatives to the single-visit formo-
cresol pulpotomy for cariously exposed vital primary molar teeth. Ferric 
sulphate use is technique-sensitive and MTA has cost implications. The 
modifi ed stepwise excavation technique is discussed as an alternative to 
IPT to prevent pulpal exposure in teeth with deep caries. Desensitising 
pulp therapies and pulpectomy procedures are also discussed as alternative 
options when trying to maintain a deciduous tooth.  

    Clinical Relevance    

 Various treatment concepts have been recom-
mended for the management of deep carious 
lesions and pulpal exposures. Indirect and 
direct pulp-capping procedures, stepwise 
excavation and pulpotomy techniques are dis-
cussed in relation to primary teeth and perma-
nent teeth with open apices (immature root 
development) including indications and 
rationale.  

8.1     Overview of the Literature 

 Recent times have shown a paradigm shift 
whereby treatment procedures involving the pulp 
are led by biologically based strategies, which 
attempt to allow healing of a diseased pulp or 
prevent the progression of disease in a vital pulp. 
In cases where apical periodontitis is present, the 
rationale for endodontic treatment, by providing 
the best root fi lling, has been proven as an effec-
tive treatment modality for most cases. 

 The management of an unexposed pulp due to 
caries or trauma remains straightforward. 
Provided the pulp is protected by a biologically 
compatible restoration, then the potential for 
repair is good. The management of an exposed 
pulp remains controversial. Therapies aimed at 
preserving the vitality of the pulp, including pulp 
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capping or partial or full pulpotomies, have very 
good success rates where trauma has been the 
cause. Treatment options for the management of 
deep caries in an attempt to prevent carious pulp 
exposures include indirect pulp-capping proce-
dures and stepwise excavation techniques. Direct 
pulp-capping procedures and pulpotomies are 
indicated where a carious pulp exposure has 
occurred and the aim is to preserve the vitality of 
the pulp. The rationale for any selected treatment 
is ultimately based on whether the underlying 
pulp is deemed vital or nonvital [ 1 – 3 ]. 

 There is poor correlation between clinical 
symptoms and the histopathological conditions 
of the pulp, which further complicates the accu-
rate diagnosis of the pulp [ 4 ]. Without histologi-
cal examination to determine the extent of 
infl ammation, we can only make assumptions 
regarding the probable pulpal status of any given 
tooth. A thorough clinical history and examina-
tion is essential in determining the likely pulpal 
status of the tooth concerned and will therefore 
help determine the most appropriate treatment. 

 A detailed history of the complaint will reveal 
the characteristics of the pain, which is often 
helpful in determining the likely pulp status. A 
distinction between provoked pain that ceases 
following removal of the causative factor (chemi-
cal, thermal or mechanical irritants) and sponta-
neous pain should be made. The former is usually 
indicative of a probable diagnosis of reversible 
pulpitis that will be more amenable to pulp pres-
ervation treatments (indirect pulp- capping, direct 
pulp-capping and pulpotomy procedures). 
Spontaneous pain, such as constant unprovoked 
throbbing pain, or pain that continues long after 
the stimulus has been removed is usually associ-
ated with extensive degeneration in the root 
canals that will require more extensive pulp ther-
apies aimed at treating the diseased radicular 
pulp tissue (pulpectomy procedures) [ 5 ,  6 ]. One 
should bear in mind, as is often the case, that the 
pulp can suffer a complete breakdown without 
having any previous history of pain [ 7 ]. 

 Clinical signs and symptoms such as redness, 
swelling, severe dental decay, ditched or frac-
tured restorations and draining sinuses or paru-
lis may indicate further evidence of underlying 

pulpal pathology. Mechanical allodynia (per-
cussion sensitivity) may be unreliable in a child 
due to psychological aspects in determining a 
normal response compared to a lowered pain 
threshold due to pulpal infl ammation. Tooth 
mobility in the primary dentition is also an unre-
liable sign due to teeth that may be near to exfo-
liation as a result of normal physiological 
resorption [ 2 ]. 

 Clinical examination will include sensitivity 
testing, such as electric pulp testing and thermal 
testing which is unreliable in primary teeth [ 8 ]. 
In teeth with incomplete root formation, the 
aforementioned tests are also of limited value 
due to varied responses from immature teeth, 
unreliable responses due to apprehension and 
fear from the child and diffi culties in understand-
ing or communicating accurately the tests them-
selves [ 9 ,  10 ]. 

 Interpretation of radiographic fi ndings in the 
primary dentition is often complicated by the 
underlying permanent successor and surrounding 
tooth follicle. Misdiagnosis of pulpal pathology 
mistaken for the underlying follicle may occur 
leading to errors in diagnosis and subsequent 
management. 

 Research has shown that when the marginal 
ridge has spontaneously broken away over dental 
caries, the pulp tissues are already compromised 
[ 11 ]. Pulpotomies, pulpectomies and conven-
tional preformed metal crowns (stainless steel) 
have an excellent record of success and play a 
major role in providing quality dental care for 
children [ 12 ]. 

 Retention of the pulpally involved deciduous 
tooth is usually advisable to prevent or minimise 
mesial drift of permanent successors. This may 
be of benefi t in reducing subsequent crowding 
and resultant malocclusions [ 13 ]. 

 In the developing dentition, a more conserva-
tive pulp preservation procedure (such as indirect 
and direct pulp capping or pulpotomy or apexo-
genesis) may be indicated to allow completion of 
root formation provided the tooth is deemed vital. 
Further dentine deposition along the root will 
strengthen the immature tooth, which has thin 
dentinal roots helping to diminish future root 
fracture [ 14 ,  15 ] (Fig.  8.1 ).
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   Indirect pulp capping is a treatment modality 
that has gained increased popularity recently that 
can be undertaken in a single-visit appointment 
(indirect pulp capping) or a two-stage procedure 
(stepwise excavation) [ 3 ,  16 ,  17 ]. The premise of 
either treatment is to prevent exposure of the pulp 
during deep carious excavation by leaving the 
deepest carious dentine overlying the pulp in 
place to preserve vitality. Residual dentine thick-
ness is an important prognostic factor for reac-
tionary dentinogenesis and the ability of surviving 
odontoblasts to secrete tertiary dentine allowing 
continued pulp survival. 

 A suitable lining material is placed to allow 
for reparative dentine stimulation [ 18 ]. There is 
no general agreement as to what type of lining 
material is ideal although calcium hydroxide, 
mineral trioxide aggregate (MTA), composite 
resins and glass ionomer cements have all 
appeared to be satisfactory in their ability to 
induce a calcifi c barrier formation [ 19 ]. The 
placement of a high-quality temporary and fi nal 
restoration is essential for success. 

 In the stepwise approach for caries excavation, 
various amounts of carious dentine are sealed off by 
a temporary restoration for a period of time. 
Re-entry is carried out in anticipation of the possi-
bility of remineralisation of softened noninfected 
dentine over the pulp and hard tissue repair. The 
intent is to carry out further excavation of remaining 
caries without ensuing pulpal exposure [ 20 ,  21 ]. 

 A potential disadvantage of carrying out these 
types of procedures is delaying the inevitable 
pulpectomy and possible diffi culties thereof due 
to ensuing pulpal reactions and calcifi cations that 
can lead to negotiation diffi culties. Unfortunately, 
treatments are guided to either invasive pulp ther-
apy or procedures aimed at maintaining pulpal 
integrity based on the probable pulpal status, 
which can only be verifi ed following careful fol-
low-up. The advantage in an immature tooth with 
continued root development is obvious, but in a 
mature tooth, the obvious benefi ts must be 
weighed up against the possibility of developing 
a peri-radicular apical lesion, which reduces the 
success rate of root canal treatment [ 22 ]. 

Presenting complaint

History
Clinical

assessment

Reversible pulpitis Irreversible pulpitis

Stepwise
excavation

Pulpotomy
Root end closure

CaOH therapy
MTA therapy

Pulp regeneration
Conventional root
canal treatment

Indirect or
direct pulp
capping

Open apex Closed apex

Radiographic
assessment

Special tests

  Fig. 8.1    Clinical management of reversible and irrevers-
ible pulpitis in the mixed/permanent dentition. Note if the 
apex is open, then root-end closure procedures or pulpal 

regeneration may be indicated to allow for continued root 
development       
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 Direct pulp-capping procedures are required 
when an inadvertent pulp exposure has occurred. 
The decision to avoid a pulpectomy is based on the 
assumption that the radicular pulp remains vital and 
only superfi cial infl ammation is present confi ned to 
a few millimetres at the site of exposure. Controversy 
has plagued this treatment modality, and its success 
depends on various issues including the size of 
pulpal exposure, presence of infected dentinal 
chips, control of haemorrhage, type of pulp-capping 
material used and the quality of the ‘dentinal bridge’ 
formed [ 23 ]. The technique is not normally advo-
cated for carious primary molars [ 24 ]. 

 A pulpotomy procedure should be performed 
on a tooth that is judged vital. The coronal pulp is 
amputated, and then the radicular pulp is either 
fi xed using formocresol, preserved using a hae-
mostatic agent such as ferric sulphate or sodium 
hypochlorite solution to form a clot barrier or 
bridged by using calcium hydroxide or mineral 
trioxide aggregate [ 30 – 32 ]. The success of the 
technique is highly dependent on achieving a 
good coronal seal, which will effectively cut off 
the nutritional supply for any remaining dentinal 
bacteria and will prevent further bacterial micro- 
leakage. It has been strongly recommended that 
adhesive restorations or preformed crowns be 
employed following any primary molar pulp 
therapy procedure [ 25 – 28 ]. 

 There has been a suggestion that the use of 
formocresol in paediatric dentistry is unwar-
ranted due to safety concerns. Studies have linked 
formocresol with nasopharyngeal cancer in both 
human and animal studies based on exposure to 
formaldehyde at very high doses. The evidence in 
the literature suggests that formocresol is proba-
bly not a potent human carcinogen under low-
exposure conditions. Nevertheless, the fi xation of 
radicular pulp stumps using formocresol is no 
longer recommended, and alternatives using 
either ferric sulphate or mineral trioxide aggre-
gate have been advocated using clinical studies to 
demonstrate equal if not better results [ 27 – 30 ]. 

 Ferric sulphate (5–15 %) promotes pulpal 
haemostasis by forming a protective  metal-protein 
clot at the surface of the vital radicular pulp 
stumps. A zinc oxide eugenol base is then usually 
applied over the radicular pulpal tissue. 

 MTA has been used successfully in adult end-
odontic procedures since 1993 and has been rec-
ommended for pulp capping, pulpotomy, apical 
barrier formation in teeth with open apexes, 
repair of root perforations and root canal fi lling. 
The constituents include tricalcium silicate, 
dicalcium silicate, tricalcium aluminate, tetracal-
cium aluminoferrite, calcium sulphate and bis-
muth oxide. The material has excellent bioactive 
properties and essentially stimulates cytokine 
release from pulpal fi broblasts, which in turn 
stimulates hard tissue formation. In pulp- capping 
or pulpotomy procedures, it is mixed with sterile 
water to a sandy consistency, which is gently 
packed against the radicular pulp stumps. The 
material is hydrophilic and takes up to 4 h to set 
completely [ 32 ]. 

 Desensitising pulp therapies have been recom-
mended primarily for deciduous teeth and also 
used by some clinicians for the permanent denti-
tion [ 33 ]. This two-stage technique uses parafor-
maldehyde paste to fi x and devitalise hypersensitive 
coronal pulp tissue. In view of increasing concerns 
about the use of formaldehyde (as previously men-
tioned), an alternative approach, using Ledermix 
paste, has been recommended [ 34 ]. Ledermix is a 
readily available paste containing triamcinolone 
acetonide (steroid) and demeclocycline (antimi-
crobial). It is used widely in adult endodontic pro-
cedures and has been shown to reduce pulpal 
infl ammation and pain. 

 Pulpectomy is indicated where the radicular 
pulp is nonvital or irreversibly infl amed. It is con-
traindicated when there is evidence of extensive 
internal or external root resorption or if more 
than one-third of the root length has been lost. 
The most commonly used medicaments for pri-
mary molar root canal therapy are zinc oxide 
eugenol (ZnOE) paste, iodoform paste and cal-
cium hydroxide [ 35 ,  36 ]. Slow-setting pure zinc 
oxide eugenol paste has traditionally been the 
material of choice as a primary molar root fi lling 
material. However, concerns have been expressed 
regarding the slow removal of zinc oxide eugenol 
by the body (if extruded through the root apex) 
and the differential rate of resorption between 
this material and the tooth itself. The use of 
Vitapex (a mixture of calcium hydroxide and 
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iodoform paste) has a superior success rate to that 
of zinc oxide eugenol and is removed more read-
ily if extruded through an apex [ 37 ]. 

 A recent systematic review of the literature 
summarised that because of the lack of good 
studies, it is not possible to determine whether an 
injured pulp as a result of deep caries can be 
maintained or whether it should be removed and 
replaced with a root canal fi lling. Both ran-
domised studies and prospective observational 
studies are needed to investigate whether a pulp 
exposed to deep caries is best treated by mea-
sures intended to preserve it or by pulpectomy 
and root fi lling [ 38 ]. Current practice is dictated 
by best clinical judgement as to the pulpal diag-
nosis and appropriate treatment thereafter. 
Indirect pulp- capping, pulpotomy and pulpec-
tomy procedures are indicated in deciduous teeth 
in order to remain as space maintainers avoiding 
crowding if the tooth was lost early. Immature 
teeth with incomplete root formation would be 
teeth that gain most benefi t from pulp preserva-
tion procedures rather than less conservative 
pulpectomy treatments. Root canal procedures 
are reserved for those cases where apical peri-
odontitis has been confi rmed and extraction is to 
be avoided.  

8.2     Indirect Pulp Capping 

 The procedure is acceptable for the management 
of a deep carious lesion where the patient has no 
signs or symptoms indicative of pulpal pathosis. 
The aim is to remove the entire carious lesion 
except for the last remaining stained dentine 
overlying the pulp. The rationale is to arrest the 
carious process and to provide conditions condu-
cive to the formation of reactionary dentine. The 
remaining carious dentine (stained) is allowed to 
remineralise, promoting pulpal healing and pre-
serving the vitality of the pulp without inadver-
tent frank carious exposure. 

 The procedure consists of the following steps:

    1.    Preoperative radiograph such as a parallel 
bitewing and parallel periapical confi rming 
carious lesion and proximity to pulp.   

   2.    Standard local anaesthetic protocol to provide 
adequate anaesthesia.   

   3.    The use of rubber dam to isolate the tooth 
being treated.   

   4.    All caries is removed at the enamel-dentine 
junction (periphery of the cavity).   

   5.    Careful removal of soft deep carious dentine 
(using slow-speed hand-piece with a round 
stainless-steel bur and excavators) overlying 
the pulp region with care avoiding a pulpal 
exposure.   

   6.    Placement of appropriate lining material such 
as hard-setting calcium hydroxide cement, 
reinforced glass ionomer cement or zinc oxide 
eugenol.   

   7.    Placement of a defi nitive restoration. An 
excellent coronal seal needs to be provided to 
prevent further micro-leakage (Fig.  8.2 ).

8.3            Modifi ed Stepwise 
Excavation 

 The stepwise excavation technique has been used 
for the management of deep carious lesions to 
avoid inadvertent pulpal exposure. A less inva-
sive approach, whereby the deepest caries is left 
in situ at the fi rst appointment, has been modifi ed 
at an attempt to change an active carious lesion 
into an arrested lesion. The aim of the fi rst exca-
vation is to change the carious environment with-
out removing the softened carious dentine, which 
is in close proximity to the pulp. If one were to 
try and remove all the caries close to the dentine- 
pulpal border, then a pulpal exposure may be cre-
ated. The active soft yellowish dentine will 
eventually become darker, harder and drier 
demineralised dentine resembling a slowly pro-
gressing lesion. The tooth is re-entered at a later 
stage to complete the caries removal process. 

 The stepwise excavation technique consists of 
the following steps:

    1.    Preoperative radiograph such as a parallel 
bitewing and parallel periapical confi rming 
carious lesion and proximity to pulp.   

   2.    Standard local anaesthetic protocol to 
 provide adequate anaesthesia.   
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   3.    The use of rubber dam to isolate the tooth 
being treated.   

   4.    All caries is removed at the enamel-dentine 
junction (periphery of the cavity).   

   5.    Careful removal of the central outermost 
softened carious dentine using an excavator 
only to ensure that a provisional restoration 
can be placed.   

   6.    No attempt is made to excavate as close to 
the pulp as possible in order to remove all 
infected dentine, thereby reducing the risk of 
pulpal exposure.   

   7.    A provisional restoration is selected on the 
basis of the interim dressing period from 6 to 
8 months.   

   8.    A second fi nal excavation is carried out 
whereby careful removal of deep carious 
dentine (using slow-speed hand-piece with a 
round stainless-steel bur and excavators) 
overlying the pulp region with care avoiding 
a pulpal exposure. As per the indirect pulp- 
capping treatment, any hard stained dentine 
overlying the pulp can be left in situ to avoid 
exposure.   

   9.    Placement of appropriate lining material 
such as hard-setting calcium hydroxide 
cement, reinforced glass ionomer cement or 
zinc oxide eugenol.   

   10.    Placement of a defi nitive restoration. An 
excellent coronal seal needs to be provided 
to prevent further micro-leakage (Figs.  8.3  
and  8.4 ).

8.4             Direct Pulp Capping 

 This treatment option is limited to the perma-
nent dentition and not recommended for the 
management of pulpal exposures in the pri-
mary dentition. The aim of the treatment is to 
encourage the formation of a dentine bridge at 
the site of pulpal exposure by encouraging the 
formation of reparative dentine. This allows 
the preservation of the underlying pulp and its 
continuing vitality based on the assumption 
that the tooth is asymptomatic and the tooth is 
considered vital. 

 The procedural steps include:

    1.    Preoperative radiograph such as a parallel 
bitewing and parallel periapical confi rming 
carious lesion and proximity to pulp.   

   2.    Standard local anaesthetic protocol to provide 
adequate anaesthesia.   

   3.    The use of rubber dam to isolate the tooth 
being treated.   

   4.    Gross caries is removed using either a sharp 
spoon excavator or a large, round slow-speed 
tungsten carbide bur. Caries detector dye can 
be used with appropriate magnifi cation (oper-
ating dental microscope).   

   5.    As the pulp is approached, the cavity can be 
fl ushed with sodium hypochlorite solution to 
reduce the bacterial load.   

   6.    The remaining affected carious tissue is 
removed.   

P

DC
CS

LS

a b

  Fig. 8.2    Diagrammatic representation of the indirect 
pulp capping procedure. ( a ) Preoperative view demon-
strating deep caries ( DC ) overlying pulp ( P ) and ( b ) 

 post-operative following caries removal. Note stained 
dentine overlying pulp (S) is left in situ. A suitable lining 
material [L] and an excellent coronal seal ( CS ) are placed       
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   7.    Pulpal bleeding can be controlled by either 
gentle application of cotton wool pledget 
soaked in water/saline or sodium hypochlorite 
for up to 10 min. Care should be taken to 
avoid the application of too much pressure on 
the pulp.   

   8.    Once haemostasis has been achieved, applica-
tion of hard-setting calcium hydroxide or 
MTA (thickness of at least 2 mm).   

   9.    A defi nitive restoration ensuring good coronal 
seal is placed. If MTA is used, then a moist-
ened cotton wool pledget is placed over this to 

DC

P
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DD
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L

aa bb cc dd

  Fig. 8.3    Diagrammatic representation of the modifi ed 
stepwise excavation technique. ( a ) Preoperative view 
showing deep caries ( DC ) overlying the pulp ( P ), ( b ) 
interim caries removal from periphery and infected deep 
carious dentine ( DC ) which is sealed with a temporary 
restoration ( TR ) for 6–8 months ( c ) note deep carious 

 dentine has changed to a harder demineralised dentine 
( DD ) which is easier to remove without causing a pulpal 
exposure at the 6–8-month second appointment and ( d ) 
fi nal coronal seal ( CS ) with appropriate lining ( L ) overly-
ing the pulp       

  Fig. 8.4    Clinical photographs demonstrating indirect 
pulp capping procedure using MTA. Note ( a – h ) caries 
removal leaving in situ stained dentine overlying pulp, ( i ) 

MTA placement, ( j ) GIC base, ( k ) acid etching and ( l ) 
placement of composite resin restoration       
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allow for complete setting and a temporary 
restoration is placed. The tooth is re-entered 
5–10 days later for placement of a defi nitive 
restoration (Fig.  8.5 ).

8.5            Pulpotomy 

 A pulpotomy procedure involves the removal of 
the irreversibly infl amed coronal pulp and protec-
tion of the underlying non-infl amed healthy 
radicular pulp. The tooth should be generally 
asymptomatic and the treatment considered in 
those cases where a carious or mechanical expo-
sure due to trauma has occurred resulting in 
exposure of the vital coronal pulp tissue. 

 The procedural steps include:

    1.    Parallel preoperative radiograph showing all 
roots and apices.   

   2.    Standard local anaesthetic protocol to pro-
vide adequate anaesthesia.   

   3.    The use of rubber dam to isolate the tooth 
being treated.   

   4.    All caries is removed.   
   5.    Complete removal of the roof of the pulp 

chamber. Recommended to use a nonend- 
cutting bur.   

   6.    Coronal pulp tissue is removed using either a 
sharp spoon excavator or a large, round slow- 
speed stainless-steel bur (Fig.  8.6 ).

       7.    Pulpal bleeding should be controlled within 
5 min using gentle application of cotton 
wool pledget soaked in water/saline.   

   8.    Appropriate medicament is selected for 
direct application to the radicular pulp 
stumps which can include:
    (a)    15.5 % ferric sulphate solution 

(Astringedent) can be burnished on the 
pulp stumps with a micro-brush for 
15 s or used with a cotton wool pledget 
and gently applied with pressure. 
Thorough rinsing and drying is carried 
out.   

   (b)    20 % (1:5 dilution) Buckley’s formocre-
sol solution is applied to the radicular 
pulp stumps using a cotton wool pledget 
for 5 min to achieve superfi cial tissue 
fi xation.   

   (c)    MTA paste is applied over the radicular 
pulp stumps with appropriate carrier.   

   (d)    Well-condensed layer of calcium 
hydroxide applied directly over the 
radicular pulp stump (Fig.  8.7 ).

           9.    A suitable lining material is placed such as 
resin-modifi ed glass ionomer cement or zinc 
oxide eugenol cement.   

   10.    A defi nitive restoration is placed to ensure 
an excellent coronal seal. Note in the 
case of primary teeth, a preformed metal 
crown should be placed or an adhesive 
restoration.      

L
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DC
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a b

  Fig. 8.5    Diagrammatic representation showing ( a ) pre-
operative view showing extensive deep caries ( DC ) 
involving the pulp ( P ) and ( b ) post-operative view follow-
ing caries removal. Note suitable lining material such as 

MTA placed over pulp exposure ( L ) and overlying defi ni-
tive coronal seal restoration ( CS ) which is necessary to 
prevent further pulpal insult. This treatment is not recom-
mended for primary deciduous teeth       
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8.6     Pulpectomy 

 Pulpectomy can be carried out in the primary 
dentition with appropriate patient selection in 
order to maintain the tooth until expected exfolia-
tion. The clinician must be aware of complicating 

factors such as molar radicular morphology, close 
proximity to the permanent successor tooth and 
inherent physiological resorption that will occur. 
The aim of this procedure is to remove irrevers-
ibly infl amed or necrotic radicular pulp tissue, 
clean and shape the canal spaces and obturate the 

a b c d

  Fig. 8.6    Diagrammatic representation of primary pulp 
amputation (vital pulpotomy). The procedure is carried 
out using local anaesthetic and rubber dam isolation (sali-
vary ejector and cotton wool rolls can be used as an alter-
native). ( a ) The pulp chamber of deciduous molar teeth 
are very large relative to the external dimensions of the 
crown. The enamel and dentine walls of these teeth are 
fairly thin and the distance between the pulp horns and the 
enamel surface is sometimes as little as 2 mm. ( b ) Carious 

primary tooth with an infected, irreversibly infl amed coro-
nal pulp. ( c ) Caries is excavated, the pulp chamber is 
opened widely and the coronal pulp is removed with a 
sterile round bur running at low speed. Care must be taken 
to ensure the entire roof of the pulp chamber is removed 
( dotted red line ) and no remnants of pulp tissue have been 
left ( black arrow ). ( d ) Care must also be taken in avoiding 
weakening of the fragile walls of the tooth and also perfo-
ration of the pulpal fl oor ( white arrow )       
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  Fig. 8.7    Diagrammatic representation of vital pulpotomy 
procedure (continued from Fig.  8.6 ). ( a ) Irrigation of the 
pulp chamber with either saline or local anaesthetic solu-
tion will help to dislodge coronal pulp remnants and den-
tine debris. The cavity is dried with cotton wool pledgets 
and the pulp stumps identifi ed. The natural cessation of 
bleeding from the radicular pulp contraindicates the need 
for pulpectomy. ( b ) A cotton wool pledget moistened in 
ferric sulphate or saline is applied to the pulp stumps to 

facilitate haemorrhage control. After a 5 minute applica-
tion the tissue at the entrance to the canals should be cau-
terized and no longer be bleeding. ( c ) Mineral Trioxide 
Aggregate ( MTA ) is placed over the radicular pulp stumps. 
( d ) Intermediate restorative material ( IRM ) and core 
material ( C ) is placed over the MTA and a stainless steel 
crown ( SSC ) is cemented using glass ionomer cement to 
maintain the coronal seal and prevent catastrophic tooth 
fracture in the long term       
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root canals with a fi lling material. The selection 
of root fi lling material is critical and must be 
selected on the basis that it will resorb at the same 
rate as the primary tooth and not cause any detri-
mental damage and be eliminated rapidly if 
extruded beyond the confi nes of the fi ne canals. 

 The clinical procedural steps include:

    1.    Preoperative radiograph demonstrating all 
roots, apices and position/presence of per-
manent successor.   

   2.    Standard local anaesthetic protocol to pro-
vide adequate anaesthesia.   

   3.    The use of rubber dam to isolate the tooth 
being treated.   

   4.    Removal of all caries.   
   5.    Removal of entire roof of pulp chamber pref-

erably with a nonend-cutting bur (Endo Z).   
   6.    Coronal pulp tissue is removed using either a 

sharp spoon excavator or a large, round slow- 
speed stainless-steel bur.   

   7.    Root canals identifi ed and working lengths 
established keeping 2 mm short of root apices.   

   8.    Irrigation regime using 1 % sodium hypo-
chlorite solution or 0.2 % chlorhexidine 
solution.   

   9.    Canal shaping carried out either with hand 
fi les or rotary fi les; Note: do not overprepare/
enlarge the canals due to thin walls; ideally 
less than size #30.   

   10.    Non-setting calcium hydroxide paste used to 
dress canals and tooth temporised for 7–10 days.   

   11.    Appropriate root canal fi lling material 
selected depending on whether physiological 
resorption expected or not, i.e. if the perma-
nent successor is not present, (a) then the pri-
mary tooth may be a long-term solution as a 
space maintainer. On the other hand, if a per-
manent successor is present, (b) then normal 
physiological resorption will be expected.
    (a)    The canals are dried with paper points 

and obturated with gutta-percha root fi ll-
ing and conventional root canal sealer of 
choice.   

   (b)    The canals are dried with paper points 
and obturated with a resorbable paste 
such as slow-setting pure zinc oxide 
eugenol, non-setting calcium hydroxide 
paste or a mixture of iodoform/calcium 
hydroxide paste.          

8.7     Clinical Cases 

  Case 1: MTA Pulpotomy in a Permanent 
Tooth     A fi t and healthy 32-year-old lady was 
referred for endodontic management of tooth 27. 
The patient had had an extensive temporary res-
toration placed with suspected caries involving 
the pulp (Fig.  8.8 ). Clinical examination revealed 
the tooth had remained asymptomatic with no 
tenderness to percussion or palpation. Special 
tests revealed the tooth responded to both electric 
pulp testing and thermal stimulus (CO2 snow). 
The patient was highly anxious in the dental set-
ting and could not tolerate rubber dam treatment 
for prolonged periods of time. Radiographic 
examination confi rmed an extensive restoration 
overlying the pulp chamber. A decision was made 
to carry out a pulpotomy.

   The tooth was isolated under rubber dam 
and temporary restoration was dismantled. 
Caries was removed confi rming pulp exposure. 
Coronal pulp tissue was removed and bleeding 
of the coronal pulp stumps achieved. An MTA 
pulpotomy dressing was placed and the tooth 
re-temporised. A week later following no pain 
or discomfort, the tooth was permanently 
restored with a bonded composite restoration. 
In normal circumstances, a complete pulpec-
tomy and root canal treatment would have been 
performed. Due to the patient’s anxieties and 
intolerance of rubber dam, a decision was 
made to carry out a simple procedure with the 
possibility of extraction if pulpal symptoms 
ensue in the future. The patient was made 
aware of the long-term prognosis and warned 
of the possibility of failure.  
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  Case 2: MTA Pulpotomy in a Deciduous 
Tooth     A 9-year-old fi t and healthy child (my 
daughter) was seen for gross caries affecting 
tooth 64 (Fig.  8.9 ). Pulpal symptoms had become 
noticeable with pain on eating occasionally. The 
tooth was isolated with rubber dam and all caries 
removed. A pulpotomy procedure was carried 

out (Fig.  8.10 ) using ferric sulphate to control the 
bleeding. Once haemorrhage was controlled, an 
MTA fi lling was placed in the tooth. The tooth 
was then restored using the ‘sandwich technique’ 
using glass ionomer cement and composite resin 
restoration. The tooth remained asymptomatic 
until exfoliation.

  Fig. 8.8    Clinical case 1 demonstrating radiographs show-
ing ( a ) preoperative view showing tooth 27 with failing 
temporary restoration and caries in close proximity to the 
pulp in an adult patient with complete root development. 
The patient was very apprehensive and could not tolerate 
rubber dam for long sessions. Caries removal was carried 
out under local anaesthetic and rubber dam isolation. A 
carious pulpal exposure was noted and a decision made to 

carry out a coronal pulpotomy. Haemorrhage was con-
trolled using light pressure and irrigation with 1 %sodium 
hypochlorite solution. 4 mm of MTA was placed in the 
coronal pulp chamber and a wet cotton wool pledget and 
temporary restoration seal. ( b ) The patient was reviewed a 
week later and a permanent bonded composite restoration 
placed and post-operative radiograph taken. The patient 
remained asymptomatic       

  Fig. 8.9    Clinical case 2 showing clinical radiographs 
demonstrating ( a ) gross DO caries in tooth 64. The 9-year- 
old patient was asymptomatic at time of presentation. ( b ) 

Pulpotomy carried out with ferric sulphate and MTA fi ll-
ing followed by bonded adhesive restoration       
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      Clinical Hints and Tips 

     (i)    Indirect pulp capping
•    This procedure purposely avoids a 

pulpal exposure by leaving the deepest 
decay in place.  

•   A thin layer of demineralised stained 
dentine can be left in place.  

•   Caries dye indicators are useful 
with appropriate illumination and 
magnifi cation.  

•   Re-entry is not attempted.      
   (ii)    Stepwise excavation

•    Caries excavation is a two-appointment 
procedure.  

•   Initially the lesion’s periphery is made 
caries-free.  

•   The central caries is partially removed 
to leave soft carious dentine overlying 
the pulp.  

•   Calcium hydroxide is placed and a suit-
able long-term temporary restoration 
placed.  

•   At 6–12 months, the tooth is re-entered 
and all carries are removed.      

   (iii)    Direct pulp capping
•    Use 1 % sodium hypochlorite irrigation 

solution and cotton wool pledgets with 
gentle pressure if bleeding does not stop 
following simple irrigation.  

•   Continuous profuse bleeding after 5 min 
may indicate severe pulp infl ammation 
requiring a more radical approach.  

  Fig. 8.10    Clinical case 2 demonstrating clinical photo-
graphs showing step-by-step procedure of a vital pulpot-
omy carried out in a deciduous tooth using 15.5 % ferric 
sulphate and MTA cement overlying radicular pulp 
stumps. Note ( a ) preoperative view demonstrating intact 
enamel, ( b ) gross caries, ( c ) pulpal exposure following 
caries removal with bleeding from the pulp, ( d ) following 

irrigation with 1 % sodium hypochlorite solution to 
reduce bacterial load further, ( e ) application of ferric sul-
phate to radicular pulp stumps, ( f ) clot barrier formation 
following application of haemostatic agent, ( g ) applica-
tion of MTA over radicular pulp stumps and ( h ) fi nal 
bonded restoration       
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•   Consider either calcium hydroxide/
resin- modifi ed glass ionomer cement or 
MTA as a suitable seal over the 
exposure.      

   (iv)    Pulpotomy
•    Consider using either 15.5 % ferric sul-

phate or MTA instead of formocresol.      
   (v)    Pulpectomy

•    Take care and avoid overpreparation due 
to thin roots associated with primary 
teeth; recommended preparation size 
should not be greater than #30 hand fi les 
in a molar tooth.  

•   Consider using resorbable material that 
is relatively inert such as non-setting 
calcium hydroxide paste or calcium 
hydroxide and iodoform paste if the 
tooth is prone to normal physiological 
resorption due to exfoliation.  

•   Consider using gutta-percha and sealer 
if no permanent successor is present and 
exfoliation due to normal physiological 
resorption unlikely.             
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      Apexogenesis, Apexifi cation, 
Revascularization and Endodontic 
Regeneration                     

     Bobby     Patel   

    Summary  

  Apexogenesis is a vital pulp therapy procedure to encourage continued 
root development and maturation with normal root thickness. Apexifi cation 
is an endodontic procedure that aims to either induce a hard tissue barrier 
in a tooth with an open apex or the continued apical development of an 
incomplete root in teeth with apical periodontitis. Revascularization and 
regeneration procedures are newer methods that allows for new living tis-
sue to form in the cleaned canal space allowing for continued root devel-
opment in terms of both length and thickness.  

    Clinical Relevance    

 Apexifi cation is a method for treating and pre-
serving immature permanent teeth that have 
lost their pulp vitality. Traditionally calcium 
hydroxide was the material of choice for cre-
ating a calcifi c barrier at the root apex induc-
ing closure over several months. One-visit 
apexifi cation using MTA has also been recom-
mended as a predictable method for creating 
an artifi cial barrier at the apex. Recently, a 
number of case reports have emerged whereby 
immature necrotic permanent teeth have been 
treated with a triple antibiotic paste protocol 
allowing continued root development and nor-
mal thickness. These procedures, as a result of 
revascularization as opposed to regeneration, 

show promise for future treatment strategies 
aimed at continued root development and 
 possibly pulp vitality maintenance. The con-
cept of regenerating the pulp-dentine complex 
by tissue engineering is in its infancy, but con-
tinued research may one day result in the abil-
ity to ‘regrow’ a pulp and completely change 
the management of apical periodontitis both 
in the immature and mature tooth.  

9.1     Overview of Endodontic 
Apexogenesis, Apexifi cation, 
Revascularization 
and Regeneration 

 The completion of root development and closure 
of the apex occur up to 3 years after eruption in 
the permanent dentition [ 1 ]. Treatment of teeth 
that have sustained injuries, resulting in either 
necrotic pulps or apical periodontitis, during 
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this transitional period provides a signifi cant 
 challenge for the clinician [ 2 ]. Two common 
approaches for managing such cases include apex-
ogenesis or apexifi cation [ 3 ,  4 ]. Apexogenesis is 
a ‘vital pulp therapy procedure performed to 
encourage continued physiological development 
and formation of the root end’ (Fig.  9.1 ).

   Apexifi cation is defi ned as a ‘method to 
induce calcifi ed barrier in a root with an open 
apex or the continued apical development of an 
incomplete root in teeth with necrotic pulps’ [ 5 ]. 

 Traditionally the clinical protocol for ‘apexi-
fi cation’ involved the placement of calcium 
hydroxide as an intra-canal medicament to elim-
inate intra-radicular infection and induce an api-
cal barrier requiring multiple visits and a 
protracted treatment, which could take several 
months [ 3 ,  6 ]. Recently, an alternative one-visit 
apexifi cation protocol involving the use of 
 mineral trioxide aggregate has gained popularity 
as a means of creating an artifi cial barrier at the 
open apex to which a hard tissue barrier can 
 readily form with similar outcomes to using cal-

cium hydroxide. In the apical barrier technique, 
a  biocompatible barrier material is placed at the 
apex to facilitate obturation. Mineral trioxide 
aggregate is the material of choice due to its 
optimal sealing ability, biocompatibility and 
ability to induce hard tissue and set in a moist 
environment. The advantage of using this tech-
nique is that the treatment time is reduced to one 
or two appointments with signifi cant expedition 
of treatment with similar outcomes and progno-
sis [ 7 – 12 ]. The disadvantage of using either cal-
cium hydroxide or mineral trioxide aggregate 
has been the inconsistency of achieving contin-
ued root maturation. Teeth treated with either 
techniques are at greater risk to root fracture as a 
 consequence of thin dentinal walls resulting in 
the premature loss of the tooth [ 13 – 16 ]. 

 Revascularization of avulsed and replanted 
immature teeth with open apices is well estab-
lished and achievable provided optimal replan-
tation techniques are used. Prompt replantation 
with minimal extra-oral dry periods and 
ideal root development stage (open apices of 

Reversible pulpitis Irreversible pulpitis

Open apex Open apexClosed apex Closed apex

MTACalcium hydroxide

Apexification
root end closure

Apexogenesis
regeneration

Conventional root
canal treatment

Triple antibiotic paste

Apexogenesis

Direct/indirect pulp capping procedures
Pulpotomy

  Fig. 9.1    Showing treatment options for the management of immature permanent teeth according to stage of root devel-
opment (i.e., complete or incomplete)       
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greater than 1.1 mm) are the prerequisites for 
 revascularization [ 17 ]. Regeneration (revital-
ization) of infected necrotic pulp tissue has 
been an important issue in endodontics for 
more than a decade. Regenerative endodontics 
has been defi ned as ‘biologically-based proce-
dures designed to physiologically replace dam-
aged tooth structures, including dentine and 
root structures, as well as cells of the pulp-den-
tine complex’ [ 5 ]. Based on a series of case 
reports, there appears to be evidence that new 
soft tissue can enter the root canal with the 
potential for subsequent hard tissue deposition 
resulting in continued root maturation [ 18 ]. 
Current approaches for treating the trauma-
tized immature tooth with pulpal necrosis do 
not reliably achieve the desired clinical out-
comes, consisting of healing of apical peri-
odontitis, promotion of continued root 
development and restoration of the functional 
competence of pulpal tissue. An optimal 
approach for treating the immature permanent 
tooth with a necrotic pulp would be to regener-
ate functional pulpal tissue [ 19 ,  20 ]. 

 Over the last decade, a number of case 
reports have been reported in the literature 
demonstrating this new revitalization approach 
in achieving tissue generation and regenera-
tion. Continued root development has been 
demonstrated in cases that presented as 
infected and necrotic with occasional draining 
sinuses. As a result, it may be predicted that 
traditional apexifi cation methods employed 
may become of historical interest only [ 21 , 
 22 ]. These case reports advocate the use of a 
triple antibiotic paste to eliminate the intra-
radicular infection, a prerequisite for setting 
the conditions to allow for subsequent revascu-
larization [ 23 – 29 ]. The triple antibiotic paste 
in these cases  consists of a combination of cip-
rofl oxacin, metronidazole and minocycline, 
which has been shown to reliably disinfect the 
root canal system. The disinfection of the root 
canal is carried out without any mechanical 
debridement. Irrigation using sodium hypo-
chlorite is used and then the antibiotic paste 
placed for a period of time. At the second 

appointment, a blood clot is produced to the 
level of the cemento-enamel junction to pro-
vide a scaffold for the ingrowth of new tissue. 
The cervical portion of the tooth is sealed with 
MTA and a bonded resin composite restoration 
[ 30 ]. The formation of a blood clot is the key to 
success, and this crucial step, which is essen-
tial for the stimulation of revascularization, is 
unpredictable. Currently research strategies 
are underway in order to understand fully the 
true nature of this ‘regenerated tissue’ and pro-
vide future potential synthetic matrices, which 
will act as more predictable scaffolds [ 31 ]. 

 Although regenerative endodontic treatment 
causes root development, there are several draw-
backs and unfavourable outcomes that can occur 
[ 32 ]. Tooth discolouration has been cited and is 
related to the use of either minocycline in the 
triple antibiotic paste or MTA coronally [ 33 ,  34 ]. 
Ideal root development is not achieved in all 
cases, suboptimal barrier placement has been an 
issue, and there has been failure to induce bleed-
ing in some reports [ 34 ,  35 ]. 

 In summary, the question is no longer ‘can 
regenerative endodontic procedures be success-
ful?’ Instead, the important question facing us is 
‘what are the issues that must be addressed to 
develop a safe, effective, and consistent method for 
regenerating a functional pulp-dentine complex in 
our patients?’ [ 36 ]. Additional translational studies 
and clinical trials evaluating the different aspects 
of this procedure are required in order to under-
stand the many interrelated aspects that could 
result in better and more predictable outcomes 
[ 37 ]. The idea of replacing severely compromised 
teeth or missing teeth in the future using stem cells 
as a precursor may well be on the horizon making 
dentures and dental implants obsolete [ 38 ].  

9.2     Apexifi cation with Calcium 
Hydroxide 

 The formation of a hard tissue barrier at the open 
apex of an immature permanent tooth has tradi-
tionally been performed using long-term cal-
cium hydroxide dressings and has been an 
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accepted endodontic procedure with a high 
degree of success. The calcium hydroxide is 
placed in the root canal to stimulate a hard tissue 
(cementoid or osteoid) barrier across the wide- 
open apex prior to placement of a permanent 
root fi lling. The barrier formation prevents over-
extension of root fi lling material into the sur-
rounding peri-apical tissues. Studies have 
demonstrated that repeated dressing changes ini-
tially at 1 month, and then 3-month intervals 
thereafter can result in barrier formation any-
where from 4 to 9 months. The calcium hydrox-
ide acts as a mild infl ammatory stimulant that 
initially causes necrosis of the tissue surface 
with calcifi cation over time. Calcium hydroxide 
is antibacterial due to its inherent high pH (12.2), 
which creates an environment that is not condu-
cive for the survival of bacteria. Calcium hydrox-
ide pastes release hydroxyl (OH-) ions readily, 
which is essential for barrier formation. Several 
commercial calcium hydroxide pastes are avail-
able including those made with saline (EndoCal 
and Calasept) or methylcellulose (Pulpdent and 
TempCanal). The latter are less soluble with a 
creamier consistency ideal for placement within 
the canal with less extrusion and dissolution over 
time. The wider the opening at the apex, the 
greater the chance of dissolution making the 
saline-based products more susceptible to being 
washed out. The clinical steps when using cal-
cium hydroxide include:

    1.    Treatment is carried out under local anaesthe-
sia and rubber dam isolation utilizing a dental 
operating microscope.   

   2.    Straight-line access is established. Direct visual-
ization of the apical foramen should be attempted 
using the dental operating microscope.   

   3.    The root canal is chemomechanically debrided 
with copious irrigation using sodium hypo-
chlorite solution (this can be delivered ultra-
sonically or using sonic activation such as the 
EndoActivator).   

   4.    Minimal shaping is required due to thin den-
tinal walls. Working length is determined 
using electronic apex locators, paper points 
and radiographs.   

   5.    An interim dressing of Ledermix paste or 
50:50 mix of Ledermix and Pulpdent paste is 

placed to control any infection and prevent 
any infl ammatory resorption that may be 
present. A double seal temporary restoration 
of Cavit and glass ionomer cement is then 
placed.   

   6.    At the second appointment, the canal is re-
irrigated, dried and dressed with a suitable 
calcium hydroxide paste. The calcium 
hydroxide can be packed at the apex using 
either pluggers or thick paper points. The 
canal is then backfi lled with calcium hydrox-
ide to ensure that reinfection does not occur 
during the interim period. Radiographs are 
taken to check that the apical level of cal-
cium hydroxide is satisfactory and to ensure 
that an overfi ll has not occurred. The canal 
should appear radiopaque indicating that the 
entire canal has been fi lled with calcium 
hydroxide. A well-sealing temporary restora-
tion is then replaced to the level of the root 
orifi ce (Fig.  9.2 ).

       7.    The patient is reviewed at 3-month inter-
vals, and a further radiograph can be taken 
to assess whether an apical barrier has 
formed and whether the calcium hydroxide 
dressing has been washed out. If no wash-
out is evident, then the dressing need not 
be replaced. Where evidence of washout is 
clear, indicated by the absence of radi-
opaque material within the canal, then the 
dressings can be replaced. The progress of 
barrier formation can be assessed using 
paper points. A large paper point is selected 
to check for the presence of an apical bar-
rier by gently pressing at the apex and 
checking whether any evidence of blood/
exudate is present and whether the paper 
point can be introduced beyond the apex 
easily. If no barrier is confirmed, then a 
further dressing is introduced to the level 
of the apex where barrier formation is 
desired.   

   8.    Once a barrier has been confi rmed, a fi nal 
root fi lling is placed using either a cold 
 lateral chloroform dip technique or warm 
vertical compaction technique after a further 
3-month period. On completion the access 
cavity is permanently restored accordingly 
(Fig.  9.3 ).
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9.3            One-Step Apexifi cation 
with MTA 

 Despite the demonstrated clinical success associ-
ated with calcium hydroxide apexifi cation, there 
are a number of drawbacks. The unpredictability 
of an apical hard tissue barrier formation, lengthy 
procedures often requiring several visits and the 
associated increased risks of cervical root fracture 
have led clinicians to adopt a one-step apexifi ca-
tion procedure. Studies have demonstrated that 
using mineral trioxide aggregate as an apical 
matrix, single-appointment obturation of the canal 
can be achieved with high success rates. MTA has 
been shown to induce apical hard tissue formation 
without an infl ammatory response owing to its 
excellent biocompatibility. Furthermore, newly 
formed bone, cementum and periodontal ligament 
have been shown to attach to the MTA layer pro-

viding an excellent seal. The wet environment, as 
a consequence of wide-open apices, means that a 
suitable hydrophilic material such as MTA is ideal 
in terms of setting ability without the risk of being 
washed away. The only disadvantage when using 
MTA is related to its handling and manipulation, 
which, like any technique, requires careful prac-
tice, skills and knowledge developed before appro-
priate use. As a result, MTA should be considered 
the material of choice when considering one-step 
apexifi cation procedures in cases of immature 
developing teeth with wide- open apices:

    1.    Appropriate anaesthesia, rubber dam application 
and adequate straight-line access are achieved 
utilizing a dental operating microscope to visu-
alize the peri-apex and apical tissues beyond.   

   2.    The root canal system is chemomechanically 
debrided using appropriate disinfectants 

a b c

d e f

  Fig. 9.2    Clinical radiographs and photographs showing 
( a ) pre-operative radiograph, ( b ) MAF radiograph con-
fi rmed using #100K fi le, ( c ) calcium hydroxide dressing, 
( d ) access preparation, ( e ) chemo-mechanical preparation 

using 1 % sodium hypochlorite solution, and ( f ) calcium 
hydroxide dressing placed using a lentilo spiral fi ller to 
ensure a homogenous dressing was placed       
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(sodium hypochlorite) with minimal shaping. 
Ultrasonic or sonic activation is desirable to 
ensure a bacteria-free environment is created.   

   3.    The canal is dried with paper points ensuring 
that any remnants of calcium hydroxide have 
been thoroughly removed.   

   4.    The MTA powder is mixed with sterile saline 
to create a thick creamy paste according to 
manufacturer’s recommendations (Fig.  9.4 ).   

   5.    The MTA is then deposited 1 mm short of the 
working length using an appropriate carrier 
and further condensed with minimal pressure 
using appropriate-sized paper points. The 
paper points will reduce the chances of apical 
extrusion of material as well as controlling the 
moisture present in the MTA mix, readily 

absorbing or imparting moisture as necessary. 
A resorbable matrix can be introduced to the 
apex prior to placement of MTA to further pre-
vent extrusion of material. Preselected Schilder 
pluggers as well as paper points can be used to 
introduce the apical barrier (Fig.  9.4  and  9.5 ).

       6.    The MTA plug placement is verifi ed with a 
radiograph ensuring a thickness of at least 
4–5 mm is achieved. Further adaptation, to 
avoid voids, is achieved using ultrasonics. 
This can be carried out, by touching the plug-
ger used to place the MTA, with an ultrasonic 
tip, creating enough vibration to further com-
pact the material. If the radiograph demon-
strates that the apical plug is not satisfactory, 
then the MTA can be removed using saline 

a b c d

e f g h

  Fig. 9.3    Diagrams showing clinical steps for achieving 
apexifi cation using calcium hydroxide. Note ( a ) preopera-
tive view of immature permanent tooth with large apical 
foramen, ( b ) MAF greater than #100 K-fi le, ( c ) placement 
of calcium hydroxide using Lentulo spiral fi ller, ( d ) interim 

calcium hydroxide changed every 3 months until ( e ) apical 
hard tissue barrier formation complete, and ( f – h ) obtura-
tion completed with gutta-percha root fi lling material. 
Note apical closure complete but root development 
remains incomplete       
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a c e

b d f

  Fig. 9.4    Clinical photographs showing ( a, b ) mixing of MTA with sterile water ( c ,  d ) the use of MAP system to carry 
MTA and ( e ,  f ) placement of MTA inside root canal using suitable carrier       

a b c d

  Fig. 9.5    Clinical diagrams showing ( a ) placement of api-
cal barrier ( dotted arrow ), ( b ) MTA plug 4–5 mm, ( c ) 
introduction of heated gutta-percha using Obtura, and ( d ) 

backfi ll to level of cementoenamel junction. Note the cor-
onal access cavity is restored with a resin composite resto-
ration to reinforce the root       

irrigation allowing the fi lling procedure to be 
repeated (Fig.  9.5 ).

       7.    A wet cotton wool pledget can be placed 
against the MTA and left for at least 24 h to 
allow complete setting of the cement. At the 
second appointment, following removal of 
the cotton wool pledget, the entire canal can 
be fi lled with gutta-percha fi lling material. 
A softened thermoplasticized technique 
using Obtura is preferred to cold/warm lat-

eral compaction and the use of fi nger spread-
ers. The latter can create wedging forces 
within the root canal increasing risk of root 
fractures (Fig.  9.5 ).   

   8.    The cervical canal space is then reinforced with 
composite resin to below the to cemento-enamel 
junction in order to further strengthen the tooth 
and increase the resistance to fracture.   

   9.    Routine recall (1 month, 6 months and 
12 months) should be carried out to determine 

 

 

9 Apexogenesis, Apexifi cation, Revascularization and Endodontic Regeneration



212

the success of treatment and ensure that apical 
periodontitis does not persist.      

9.4     Apexogenesis Procedures 

 Vital pulp therapies aimed to treat reversible 
pulpal injuries include indirect pulp-capping pro-
cedures following deep caries removal or direct 
pulp-capping and pulpotomy procedures follow-
ing pulpal exposure. Apexogenesis is a therapeu-
tic procedure aimed at amputating the coronal 
necrotic and possibly infected pulp. This creates 
an environment that is conducive to continued 
radicular pulp preservation. The premise is to 
avoid the inherent clinical problems that are asso-
ciated with nonvital immature developing teeth 
with wide-open apices, reversed tapered canals 
(blunderbuss) and thin dentinal walls. 

 A traditional pulpotomy involves the removal of 
the coronal pulp to the fl oor of the chamber. This 
procedure usually results in pulp canal obliteration 
and is usually followed by a complete pulpectomy 
and endodontic treatment. In comparison, a Cvek 
pulpotomy or partial pulpotomy involves removal 
of 2 mm of the pulp adjacent to the exposure. Its 
goal is to maintain pulp vitality indefi nitely and 
allow root development to continue. The procedure 
consists of the following steps:

    1.    Pulp tissue is removed 2 mm apical to the 
exposure with a high-speed diamond bur with 
copious water coolant.   

   2.    Haemorrhage is controlled with saline or 
diluted sodium hypochlorite solution (2.5 %) 
soaked on a cotton wool pledget.   

   3.    The pulp is covered with either a layer of 
MTA or calcium hydroxide (Fig.  9.6 ).

a b c

  Fig. 9.6    Diagrams showing ( a ) immature developing 
tooth with large open apex and ( b ) Cvek pulpotomy with 
removal of coronal 2–3 mm pulp leaving intact the radicu-

lar pulp ( RP ) and placement of coronal seal including 
MTA at the level of CEJ to allow for ( c ) continued root 
development and apical closure       
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       4.    The coronal aspect of the tooth is sealed with 
a double seal consisting of IRM and glass ion-
omer cement to ensure that no coronal leakage 
is possible.   

   5.    The patient is re-evaluated 1 month post- 
operatively and then every 3 months for the 
fi rst year and yearly thereafter until root 
development is completed. The pulpal status 
is reviewed including sensitivity tests to assess 
vitality.      

9.5     Revitalization, 
Revascularization 
and Regeneration 

 Revascularization of a necrotic pulp was once 
thought of as only possible after an avulsion 
injury of an immature permanent tooth. The 
advantage of this outcome is the possibility of 
continued root development resulting in thin den-
tinal walls being further strengthened to reduce 
the risk of root fracture long term. Outcome is 
dependent on a minimal extra-oral alveolar time, 
large open apices (usually >1.1 mm) and short 
roots that allow new tissue to grow into the tooth. 
The pulp is presumed to be necrotic but not 
infected such that it can act as a scaffold for the 
newly developing tissue. 

 Recently, a number of case reports have 
been reported in the literature whereby revas-
cularization of infected necrotic immature 
teeth, once thought impossible, has been car-
ried out successfully. The procedure relies on 
effective disinfection within the canal followed 
by the creation of a scaffold into which new 
tissue can grow. Chemomechanical disinfec-
tion with sodium hypochlorite alone is not suf-
fi cient to reliably create an environment 
conducive for revascularization of the infected 
necrotic pulp. This has led to the additional use 
of a triple antibiotic paste, developed by 
Hoshino and colleagues, consisting of cipro-
fl oxacin, metronidazole and minocycline. The 
necrotic immature tooth is disinfected without 
mechanical instrumentation using sodium 
hypochlorite solution. The canal is then dressed 
with the triple antibiotic paste (prepared by a 
compounding pharmacist) for up to 1 month. 

At the second appointment, following resolu-
tion of clinical signs and symptoms, a suitable 
scaffold using a blood clot is created. This step 
requires over instrumentation beyond the apex 
to create bleeding within the canal. A blood 
clot is produced at the level of the cemento-
enamel junction. MTA is placed coronal to the 
blood clot to ensure that a good seal is achieved 
and the tooth restored with a bonded composite 
restoration. The tooth is then monitored over 
time to verify continuing thickening of den-
tinal walls, further root development and 
absence of apical periodontitis (see Fig.  9.7 ). 

 Presently this type of procedure is still in its 
infancy and can be described as experimental in 
nature. Questions have been raised as to issues 
with the use of local antibiotics including sensi-
tivity and staining, inherent problems with reli-
able scaffold creation and the predictability of 
the procedure. The true nature of the tissue that 
is recreated is also questionable and whether 
this is in fact regenerated pulp tissue or simply 
the ingrowth of periodontal tissues allowing 
revascularization. Future treatment directions 
may one day lead to the ability to routinely 
place synthetic scaffolds that predictably allow 
the regrowth of pulp tissues eliminating the 
need for placement of endodontic obturating 
materials. Our understanding of the biology 
associated with routine clinical treatments con-
tinues to evolve through future research and 
highlights the merits of clinical decision making 
underpinned with robust evidence-based 
practice.  

9.6     Clinical Cases 

  Case 1: Apexifi cation Procedure of Tooth 21 
Using Interim Calcium Hydroxide Dressing, 
MTA and Gutta-Percha Without an Apical 
Barrier     A fi t and healthy 10-year-old girl was 
referred for endodontic management of tooth 21. 
The patient recalled sustaining traumatic blow 
to this tooth about a year ago at a water slide 
park. The patient reported the tooth fl ared up 
recently with localized pain and swelling in the 
region of tooth 21. Her general dental practitio-
ner placed an emergency pulp dressing and 
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a b c d

  Fig. 9.7    Diagrammatic representation showing the key 
steps during revascularization procedure. Note ( a ,  b ) 
placement of triple antibiotic paste within canal space 
following minimal instrumentation and irrigation using 
sodium hypochlorite solution. After an interim period 
of 1 month, the tooth is reentered and ( c ) a scaffold is 

created by overinstrumentation beyond the apex creating 
bleeding within the canal. A blood clot to the level of the 
 cementoenamel junction followed by a coronal seal using 
MTA. Continued monitoring should show ( d ) continua-
tion of root development and apical closure over time       

arranged for  further management with a special-
ist. At time of consultation, the patient was 
asymptomatic. Clinical examination revealed 
tooth 21 was non- tender to percussion and pal-
pation. An intact palatal dressing was confi rmed. 
Tooth 11 responded positively to both electric 
pulp testing and thermal stimulus (CO2 snow). 
Radiographic examination revealed an immature 
open apex associated with tooth 21. A peri-
radicular radiolucency was noted with the peri-
apex of tooth 21 (Fig.  9.8 ).

   Treatment options were discussed with the 
patient including extraction and replacement. 
The parents were informed that a dental 
implant option could not be considered until 
growth had stopped (estimated age 25). After a 
lengthy discussion, the parents were in agree-
ment to try and retain the tooth for as long as 
possible. They understood that long term there 
was a higher chance of root fracture due to 
arrested root development and the large open 
apex.

   At the fi rst treatment appointment, the 
access cavity was refi ned to ensure straight-
line access was achieved and all pulp horns 

were incorporated. An open apex was con-
fi rmed with apical fi le size #120. Working 
length was confi rmed using both the electronic 
apex locator and radiographic examination. 
Minimal canal preparation was carried out and 
irrigation to working length was supplemented 
with ultrasonics. An intra-canal dressing of 
calcium hydroxide was placed for an interim 
period of 1 month. Post-operative fi lms con-
fi rmed a well-obturated canal space and overfi ll 
at the peri-apex of tooth 21. The patient was 
warned of the possibility of post-operative dis-
comfort and to contact if any problems 
occurred. A further review appointment was 
scheduled 4 weeks later. 

 At the 1-month review appointment, the 
patient remained asymptomatic. A decision was 
made to leave the dressing in for a further 
2 months. At the 3-month review appointment 
following initial canal dressing placement, a 
radiograph confi rmed some intra-canal medica-
ment resorption. The peri-radicular overfi ll had 
diminished in size but was still evident. A deci-
sion was made to complete the endodontic treat-
ment using MTA and gutta-percha backfi ll. 
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a b

c d

  Fig. 9.8    Clinical radiographs demonstrating nonsurgical 
root canal treatment of tooth 21. An immature wide open 
apex was noted at time of examination. The patient had 
previously sustained trauma to the tooth which had fl ared 
up with localized pain and discomfort. Her general dental 
practitioner had placed an endodontic dressing and referral 
was sought for further management. Note ( a ) preoperative 
view of tooth 21 demonstrating prior endodontic access 

(incomplete). An extensive periradicular radiolucency was 
evident. Note normal root end closure of tooth 11 com-
pared to the wide open apex of tooth 21. ( b ) Estimated 
electronic working length fi lm. ( c ) Following minimal 
canal preparation and irrigation, an intra-canal dressing of 
calcium hydroxide was placed. Note overfi ll of medication 
( black arrow ). ( d ) Three- month follow-up showing resorp-
tion of intra-canal medicament and overfi ll       
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MTA was introduced into the canal using the 
MAP system and carefully packed to working 
length estimate using paper points (size #100). 
The apical 5 mm of the canal was obturated with 
MTA (see Fig.  9.9 ) and allowed to set prior to 
gutta-percha backfi ll placement. An IRM and 
glass ionomer cement restoration was placed to 
ensure coronal seal prior to visiting her general 
dentist for placement of a permanent tooth-
coloured restoration (see Fig.  9.9 ). The patient 
was placed on yearly reviews to ensure that con-
tinued healing occurred.

     Case 2: One-Step Apexifi cation Procedure of 
Tooth 11 Using MTA and Gutta-Percha with 
an Apical Barrier     A fi t and healthy 11-year-
old boy (the son of our practice receptionist) 
was seen for endodontic management of tooth 
11 (Fig.  9.10 ). Three years ago, he had sus-
tained a complicated crown fracture of the 
tooth following a skateboarding accident. The 
patient had previously been undergoing apexi-
fi cation using calcium hydroxide therapy for 
the past 18 months. Clinical examination 
revealed the tooth was within normal limits 
with no pain or tenderness of note. Radiographic 
examination revealed a large open apex associ-
ated with tooth 11. 

 The tooth was accessed under rubber dam and 
checked for any calcifi c hard tissue barrier at the 
apex (none was confi rmed). The working length 
was established using an electronic apex locator 
and confi rmed radiographically (see Fig.  9.10 ). 
Irrigation was carried out using 1 % sodium 
hypochlorite solution. Minimal canal preparation 
was carried out with stainless-steel instruments. 
The master apical size was #110.

   The canal was dried and a decision made to 
complete treatment using a single-visit MTA 
apexifi cation procedure. A Bio-Oss barrier was 
placed at the terminal end point of preparation. 
MTA was placed in the apical 5 mm using the 
MAP system. Gutta-percha was placed in the 
remaining middle/coronal 1/3 of the canal using 
AH Plus cement. A double seal temporary res-
toration was placed using IRM and glass iono-
mer cement. The patient subsequently attended 
for fi xed orthodontic appliance therapy for a 

2-year period. Following debonding of all the 
maxillary dentition, the patient saw a prosth-
odontist for intermediate restoration of the 
tooth. A long-term provisional Luxatemp resin 
crown restoration and titanium temporary post 
was placed. The patient has been advised that 
this should ‘buy him some time’ until the age of 
18–25 years when dentoalveolar growth slows 
down and a permanent cast post and core resto-
ration with a ceramo-metal or all-ceramic 
crown can be considered. The patient has also 
been advised of the long-term possibility of 
root fracture and need for replacement with a 
dental implant if indicated in the future (see 
Fig.  9.10 ).  

  Case 3: Single-Visit Apexifi cation Procedure 
of Tooth 21 Using MTA and Gutta-Percha 
Without an Apical Barrier     A 23-year-old 
patient who suffered from coeliac disease was 
referred for endodontic management of tooth 21. 
Endodontic treatment was started by the general 
dental practitioner, and referral sought for further 
management due to diffi culty establishing the 
working length. At time of consultation, the 
patient was asymptomatic. Past medical history 
revealed the patient had been treated for cleft lip 
and palate repair with a bone graft in the anterior 
maxilla. Clinical examination revealed tooth 21 
was non-tender to percussion and  palpation. An 
intact palatal access dressing was seen. 
Radiographic examination confi rmed prior end-
odontic access. Incomplete root development 
was noted with a wide-open apex (Fig.  9.11 ).

   Access cavity design was refi ned prior to 
establishing working length. Working length was 
determined using a #100 K-fi le and electronic 
apex locator. Further determination of the apical 
limit of preparation/obturation was determined 
using premeasured paper points (#90). An irriga-
tion regime of 1 % NaOCl was used and minimal 
preparation was carried out. No exudate was 
noted in the canal. 

 An MTA carrier was pre-fitted short of 
working length and verified radiographically 
(Fig.  9.11 ). MTA was mixed to the desired 
consistency and placed at working length 
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a b

c d

  Fig. 9.9    Clinical radiographs demonstrating nonsurgical 
root canal treatment of tooth 21. Note ( a ) radiographic 
examination confi rming removal of intra-canal medica-
ment. ( b ) Apical 5 mm obturated with MTA. ( c ) 

Remaining coronal canal space obturated with AH Plus 
cement and gutta-percha root fi lling. ( d ) Temporary IRM 
and glass ionomer cement restoration       
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a b c

d e f

  Fig. 9.10    Clinical case showing single-visit apexifi ca-
tion using MTA in a 9-year-old boy. Tooth 11 sustained 
trauma resulting in necrosis of the root canal. The patient 
had been seen previously for a period of 18 months during 
which time calcium hydroxide apexifi cation had been 
attempted. Due to the protracted treatment and increasing 

number of appointments, the patient’s mother had sought 
a referral to the practice. Radiographic series showing ( a ) 
master apical fi le. Note blunderbuss roots with large api-
cal foramen >1.1 mm, ( b ) barrier placement to prevent 
extrusion of MTA, ( c, d ) MTA apical 5 mm, ( e ) gutta- 
percha backfi ll, and ( f ) fi nal radiograph with coronal seal       

using the pre-fitted MTA carrier. Premeasured 
paper points were then used to further com-
pact the MTA apically prior to further MTA 
placement. 

 Radiographs were taken periodically to assess 
the apical MTA fi ll to ensure adequate compac-
tion and no overfi lling was occurring (Fig.  9.12 ). 
Once an adequate apical fi ll was confi rmed, the 
MTA was allowed to set prior to obturation of the 
remaining canal system.

   Obturation of the remaining canal was com-
pleted using AH Plus cement and gutta- percha 
using system B and Obtura. After the initial 
backfi ll and compaction, a radiograph was taken 
to confi rm whether a homogenous root fi lling 
was present. Radiograph confi rmed a void at the 
MTA/gutta-percha interface (Fig.  9.13 ). Further 
downpacking was carried out with an 8 % system 
B tapered plugger 2 mm short of the MTA 
 interface. Following heating of the existing 
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b

c d

a

  Fig. 9.11    Clinical radiographs demonstrating nonsurgi-
cal root canal treatment of tooth 21 using single- visit 
apexifi cation using MTA and gutta-percha without an api-
cal barrier. Note ( a ,  b ) preoperative view confi rming prior 

endodontic access with an incompletely developed root. 
( c ) Initial apical fi le placement size #70 K-fi le to show the 
size of apical foramen in comparison. ( d ) Pre- fi tting of 
MTA plugger prior to MTA obturation of apical 3–5 mm       
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 gutta-percha, further compaction was carried out 
using a pre-fi tted plugger. Further radiographic 
examination confi rmed the void had been 
addressed (Fig.  9.13 ).

   Further backfi lling of the remaining portion of 
the coronal root canal system was completed to 
the cervical aspect of the tooth. A temporary dou-
ble seal was achieved using IRM and glass 

a b

c d

  Fig. 9.12    Clinical radiographs demonstrating nonsurgi-
cal root canal treatment of tooth 21 using single- visit 
apexifi cation using MTA and gutta-percha without an api-
cal barrier. Note ( a – d ) MTA obturation of apical 3–5 mm. 

After placement of the MTA, it is further condensed using 
pre-fi tted paper points. Radiographs are taken to ensure 
that adequate obturation is achieved with minimal 
overfi lling       
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a b

c d

  Fig. 9.13    Clinical radiographs demonstrating nonsurgi-
cal root canal treatment of tooth 21 using single- visit 
apexifi cation using MTA and gutta-percha without an api-
cal barrier. Note ( a – c ) backfi ll of remaining canal with 
gutta-percha using Obtura and System B following setting 
of the MTA. A void ( green arrow ) was noted requiring 

further downpacking and condensation to ensure adequate 
compaction. Care must be taken to ensure that the apical 
plug of MTA does not get further condensed resulting in 
overfi lling. ( d ) Final postoperative radiograph with tem-
porary double coronal seal       
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 ionomer cement. The patient was referred back to 
her general dental practitioner for permanent cor-
onal restoration.  

  Clinical Hints and Tips for Apexifi cation 

Procedures Using MTA 

•     Prior to MTA plug placement, the tooth 
should be minimally prepared with hand 
fi les and chemomechanically debrided 
using sodium hypochlorite solution. An 
interim antibacterial dressing is 
recommended.  

•   A resorbable barrier can be used at the apex 
to prevent extrusion of MTA.  

•   The MTA is mixed to thick creamy consis-
tency and an appropriate carrier is selected. 
Premeasurements using the carrier or paper 
points are carried out to ensure that it can 
be taken to full working length with ease.  

•   MTA should be placed 1 mm short of the 
intended working length and can then be 
gently compacted to length using paper 
points.  

•   If the MTA plug is not in the correct posi-
tion, then saline can be used to wash out the 
fi lling material prior to re-plugging.  

•   The MTA plug should be 4–5 mm and a 
wet cotton wool pledget left in situ for at 
least 6 h prior to backfi lling with 
gutta-percha.  

•   A resin composite restoration should be 
placed in the coronal aspect of the tooth to 
reinforce the root further.  

•   Routine follow-up radiographs and recall 
appointments are recommended to ensure 
that healing is taking place.         
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    Summary  

  Non-surgical endodontic retreatment is one option for the management of 
persistent apical periodontitis associated with a root-fi lled tooth or where 
new disease has emerged after root fi lling. Consideration should always be 
given as to whether or not the tooth in question is of strategic importance. 
A cost-benefi t analysis must take into account alternative treatment options 
including surgical apicectomy or extraction. Retreatment typically con-
sists of regaining access to the canal, followed by complete removal of 
foreign material from within the canal system. Adequate re-instrumenta-
tion and disinfection protocols used for primary cases are recommended.  

    Clinical Relevance    

 Gaining access to pulp chambers previously 
root treated may require dismantling of 
crowns, bridges and post and core restora-
tions. Previous root-fi lling materials including 
gutta-percha, carrier-based obturation mate-
rial, silver points and paste-/cement-type fi ll-
ings may be encountered requiring appropriate 
techniques for removal. Goals to achieve suc-
cess in retreatment cases will be similar to 
untreated primary cases although previous 
errors such as canal obstructions, transporta-
tions, perforations or apical blockages may 
prevent adequate disinfection. The clinician 

must be aware of the technical diffi culties 
encountered and strategies employed to over-
come such errors aimed at ensuring success 
over the long term.  

10.1     Overview of Non-surgical 
Root Canal Retreatment 

 Indications for root canal re-treatment include 
either teeth with inadequate root canal fi llings 
with radiological fi ndings of developing or per-
sisting apical periodontitis and/or symptoms or 
teeth with inadequate root canal fi llings when the 
coronal restoration requires replacement or the 
coronal dental tissue is to be bleached [ 1 ]. Root 
canal treatment usually fails when treatment falls 
short of acceptable standards leading to persis-
tent microbial infection in the root canal system 
[ 2 ]. The primary cause of endodontic treatment 
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 failure can be attributed to inadequacies in 
 three- dimensional cleaning, shaping and obtura-
tion resulting in persistent intra-radicular biofi lm 
infections [ 3 ]. Missed canals, iatrogenic events 
(canal transportation, zipping and perforation), 
radicular fractures or reinfection of the root canal 
system where the coronal seal is lost after com-
pletion of root canal treatment can all lead to fail-
ure [ 4 ] (see Fig.  10.1 ). Less common reasons for 
failure include extra-radicular infections, foreign 

body reactions and nonmicrobial causes such as 
radicular cysts [ 5 – 9 ].

   Healing after endodontic therapy is monitored 
by strict criteria based on clinical examination 
and interpretation of periodic radiographs (see 
Table  10.1 ). Clinical follow-up studies show that 
a large proportion of treated cases with chronic 
apical periodontitis show signs of healing within 
1 year of treatment and in some instances as early 
as 2–6 months [ 10 ,  11 ] (Fig.  10.2 ). Some studies 

  Fig. 10.1    Clinical radiographs demonstrating inadequate 
root canal fi llings with or without poor coronal restora-
tions. Note ( a ) well-fi tting post and core restoration with 
untreated MB2 and poorly treated MB1, DB, and P canals. 
( b ) Well-fi tting cast restoration with poorly treated root 
canals. Suspect furcal perforation to be also present. ( c ) 

Poor-fi tting cast post restoration with poorly condensed 
and inadequately treated canals. ( d ) Well-fi tting cast res-
toration with periradicular pathology associated with both 
mesial and distal roots. Ineffective treatment protocols 
likely to have resulted in failure       
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have demonstrated that follow-up periods of 4 
years or longer may be required when determin-
ing success of treatment in some cases. Late 

 periapical changes have been observed radio-
graphically more than 10 years after treatment, 
whereby healing appeared to have been disturbed 

   Table 10.1    Endodontic treatment outcomes based on strict criteria assessed by clinical and radiographic signs and 
symptoms to determine whether the treated case has healed or failed   

 Healed  Both clinical and radiographic presentations are normal (Fig.  10.2 ). No further follow-up is 
required 

 Healing  A reduced radiolucency combined with normal clinical presentation can be interpreted as 
healing in progress (Fig.  10.2 ). Further follow-up is required 

 Failing (uncertain)  Radiolucency has persisted without change. Clinical presentation is normal. Further 
follow-up reviews are necessary to ascertain whether the case has failed 

 Failed  Radiolucency has emerged, persisted without change or increased in size. Clinically signs 
and symptoms may be present (Fig.  10.1 ) 

a b c

d e f

  Fig. 10.2    Clinical radiographs demonstrating healing 
dynamics in re-treatment cases. Both cases have been 
grossly underfi lled with the likelihood of ineffective disin-
fection of residual infection. Note ( a ) preoperative radio-
graph demonstrating extensive periradicular radiolucency 
associated with mesial and distal apices of tooth 46. 
Crown margin was defective mesially warranting removal 
and restorability assessment prior to proceeding ( red 
arrow ). ( b ) Re-treatment completed with chemomechani-
cal debridement of all canals using intra- canal calcium 

hydroxide medicament in between visits. ( c ) 6-month 
recall radiograph demonstrating healed case. ( d ) 
Preoperative radiograph demonstrating single-cone obtu-
ration in tooth 14. Note extensive periradicular pathology. 
( e ) Root canal re-treatment procedure completed through 
existing cast restoration (periapical changes already dem-
onstrated). ( f ) 6-month recall radiograph demonstrating 
further healing at periapex. Both cases were treated with 
2 % stainless steel instruments and cold lateral compac-
tion techniques       
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and delayed by extension of root canal fi lling 
material into the periapical tissues. Small radio-
lucencies around surplus material should not be 
misinterpreted as failure [ 12 ,  13 ]. Root-fi lled 
teeth should be followed up at least a year after 
completion to determine whether a favourable 
outcome has been achieved. Absence of pain, 
swelling and other symptoms including sinus 
tract, no loss of function and radiological evi-
dence of a normal periodontal ligament space 
around the root all indicate success [ 1 ].

    If radiographic examination reveals the 
lesion has remained the same size or has dimin-
ished but not resolved, then the outcome is con-
sidered (uncertain). In this situation the lesion 
should be assessed until it has either resolved or 
for a minimum period of 4 years. If a lesion per-
sists after 4 years, then it may be considered to 
be associated with post-treatment disease and 
probable failure [ 1 ]. 

 During the follow-up period, if the tooth that 
has been treated exhibits clinical signs and symp-
toms of infection or a radiologically visible lesion 
that has either appeared subsequent to treatment 
or increased in size or if the lesion has remained 
the same size or diminished but not resolved dur-
ing the 4-year assessment period, then the treat-
ment can be considered a failure requiring either 
retreatment or extraction [ 1 ]. 

 Scar tissue poses a signifi cant diagnostic 
dilemma with diffi culties to differentiate such a 
lesion from a radiolucency of pathological origin 
(apical periodontitis). Clinicians should be aware 
that although the incidence of this phenomenon 
is very low, this clinical entity must be taken into 
account when assessing failure of a treated case. 
These uncertain cases of healing are demon-
strated radiologically by lesions that may have 
reduced in size but not completely resolved. 
Provided there are no clinical signs and symp-
toms, then these types of cases can be monitored 
for further periods to ensure that no increased 
lesion size has occurred (which would indicate 
failure) [ 1 ,  14 – 16 ]. 

 If root canal treatment has failed, there are 
usually four possible treatment options, namely, 
review, retreatment, apical surgery and extrac-
tion. Root canal retreatment is often the pre-

ferred means of treating a failed root canal 
treatment, especially when the failure is due to a 
technical defi ciency. The existing root canal fi ll-
ing is removed and the infected root canal sys-
tem disinfected using irrigants and medicaments. 
Root canal retreatment is often much more com-
plicated compared to initial treatment, since res-
torations need to be dismantled and root canal 
fi lling materials (including both conventional 
gutta-percha fi llings and unconventional paste 
fi lls) have to be removed in order to gain access 
to the canal system. Iatrogenic errors such as 
fractured instruments, perforations and canal 
transportations can further complicate matters. It 
is imperative to assess that the tooth is restorable 
prior to embarking on prolonged and often 
expensive treatment. Longitudinal tooth cracks 
and fractures that principally occur in the verti-
cal plane or long axis of the crown and/or root 
can lead to particular uncertainty in terms of 
diagnostic and treatment decisions. Such cracks 
and fractures can lead to ongoing symptoms that 
can often be mistaken for lesions of endodontic 
origin. Once confi rmation of an unfavourable 
crack or fracture has been made, then extraction 
will be indicated (Fig.  10.3 ). If the tooth is 
deemed unrestorable or unfavourable, then 
extraction should be considered with suitable 
replacement if indicated [ 17 ].

   The decision to gain direct access through an 
existing restoration or dismantle fi rst must be 
based on the vulnerability of recontamination 
during root canal retreatment. It is crucial that the 
coronal seal be maintained both during and after 
endodontic treatment to prevent reinfection of the 
canal space. It is well documented that if coronal 
leakage occurs (especially when a poor coronal 
restoration is combined with a poor root fi lling), 
then failure is likely to occur [ 18 – 20 ]. If the 
crown is judged to be of good quality (both clini-
cally and radiographically) with no obvious mar-
ginal discrepancies macroscopically, then 
retreatment can be carried out with a conservative 
access preparation which can be sealed using 
either adhesive or amalgam Nayyar core restora-
tions upon completion [ 21 ]. In a laboratory study 
using incisor teeth, cutting an access cavity 
resulted in a 15 % reduction in relative strength, 
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and subsequent amalgam restoration resulted in a 
5 % reduction in relative strength [ 22 ]. Restoration 
of a crowned tooth with a plastic restoration fol-
lowing completion of endodontic treatment 
ensures that coronal seal is maintained not requir-
ing replacement of the crown. 

 Dismantling of the coronal restoration is nec-
essary if crown margins are defective or under-
mined by caries. Retaining such a restoration 
risks jeopardising further success in the future 
due to reinfection. For temporary crown and 
bridge, the restorations can be removed easily 
using either a scaler or large spoon excavator. 
Various methods used for permanent crown 
removal include sectioning, using lifting devices 
and ultrasonics and can be classifi ed according to 
whether the method is deemed conservative 
(prosthesis remains intact), semi- conservative 
(minor damage to the prosthesis but can poten-
tially be reused) and destructive (prosthesis is 
damaged and not reusable) [ 23 ,  24 ] (see 
Table  10.2 ).

   Post removal has been shown to be a predict-
able procedure using appropriate techniques. 
Methods for removal of cast, preformed and 
ceramic posts include ultrasonics and use of post 

pulling devices (Ruddle post removal kit, 
Masserann Kit, Eggler post remover, Thomas 
post remover) [ 23 – 31 ]. Fibre posts may need to 
be drilled out [ 32 ,  33 ]. Risks of post removal 
include root fracture [ 34 ] and generation of 
excessive heat causing necrosis of the surround-
ing bone [ 35 ]. 

 Historically numerous materials have been 
advocated for fi lling root canals including gutta- 
percha, gutta-percha carrier devices, synthetic 
polymer-based polycaprolactone thermoplastic 
material (Resilon), silver points and endodontic 
pastes/cements [ 36 ] (see also Chap.   7    ). 

a b c

  Fig. 10.3    Clinical radiograph and photographs demon-
strating longitudinal fracture in tooth 26. Note ( a ) preop-
erative radiograph showing previously root-treated tooth. 
A periradicular radiolucency can be seen with the MB 
root ( red arrow ) and in the furcation ( black arrow ). 
Probing profi le at time of presentation was within normal 

limits. Root canal re-treatment or extraction with prosth-
odontic replacement was discussed and the patient 
decided on the latter. ( b ) and ( c ) Longitudinal root frac-
tures associated with the MB root ( dotted red line ) and 
furcation region ( dotted black line ). Root canal re-treat-
ment would have been a pointless exercise in this case       

   Table 10.2    Classifi cation for crown and bridge 
disassembly   

 Conservative  Richwill Crown and Bridge 
Remover 
 Ultrasonic 
 Sliding hammer 
 Matrix bands 

 Semi-conservative  WAMkey 
 Metalift Crown and Bridge 
Remover System 

 Destructive  Crown and bridge sectioning 
using tungsten carbide burs 

  Adapted from Bartley and Hayes [ 23 ]  
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 Gutta-percha can be removed mechanically 
using hand or rotary instruments aided by heat or 
solvents or with the use of ultrasound. Methods 
employed are dependent on the quality (poorly 
condensed or well condensed), method of gutta- 
percha root fi lling (cold lateral, warm lateral, 
warm vertical or single cone technique), type of 
sealer used and personal preference [ 37 – 40 ]. 

 Solvents have been advocated to soften gutta- 
percha and sealer pastes and assist in its removal. 
Several solvents have been proposed including 
chloroform, eucalyptol, rectifi ed turpentine and 
orange solvent. In general, all solvents are toxic 
to some degree, and their use should be limited 
and handled with care [ 41 – 45 ] (see Table  10.3 ).

   Gutta-percha carrier devices such as Thermafi l 
were traditionally comprised of gutta-percha 
moulded around a plastic or metal carrier. A vari-
ety of techniques have been proposed to remove 
Thermafi l obturations including mechanical 
instrumentation with solvents, heated pluggers 
and rotary instrumentation. Success of retreat-
ment depended more on the ability to remove the 
carrier than the technique of gutta- percha removal 
[ 46 – 49 ]. Recently the manufacturer of Thermafi l 
(Dentsply, Tulsa Dental Specialties, Tulsa, OK) 
has developed a carrier-based system using a pro-
prietary cross- linked gutta-percha core instead of 

plastic carriers. GuttaCore can be removed with 
greater ease than other carrier-based systems. 
Unlike normal gutta-percha, this core material 
does not readily dissolve with solvents and is not 
amenable to plasticising with heat. The manufac-
turer recommends the use of NiTi instrumenta-
tion such as ProTaper retreatment fi les for the 
removal of this obturating material [ 50 – 52 ]. 

 Resilon a synthetic polymer-based alternative 
to gutta-percha can be thermoplastically con-
densed and combined with a resin-based sealer to 
create a “monobloc” root fi lling. Its removal in 
retreatment is similar to the removal of con-
densed gutta-percha [ 53 ]. 

 The “dirty fi lls” of endodontic pastes and 
cements have a poor track record and should be 
considered obsolete primarily due to their inher-
ent properties of shrinkage, provision of an inad-
equate seal and serious risk of adverse reactions if 
inadvertently extruded beyond the confi nes of the 
canal system. Non-setting pastes/cements can be 
easily removed using a combination of solvents, 
hand and rotary instrumentation and ultrasonics. 
Hard-setting pastes such as resorcinol-formalin 
root fi lling (SPAD, Traitement SPAD, Quetigny, 
Les Dijon, France) also known as “Russian 
Red”, due to the colour, sets extremely hard. 
Tags are formed within the dentinal tubules mak-
ing retreatment very diffi cult if not impossible. 
The use of ultrasound is necessary to remove the 
hard-setting cement without overzealous prepa-
ration or perforation risk compared to the use of 
burs or drills. The use of Endosolv R (Spécialités 
Septodont, Saint-Maur, France) is available to aid 
in the removal of such pastes although clinically 
its effectiveness is limited with very little effect, 
if any [ 54 – 59 ]. 

 Silver point fi llings although once popular are 
now considered obsolete. Although ductile 
enabling easy placement and radiographically 
appealing, these fi llings resulted in voids due to 
cross-sectional round silver points attempting to 
obturate a three-dimensional root canal system 
relying on a sea of sealer to plug the gaps. Over 
time sealer dissolution and silver point corrosion 
products as a result of tissue-fl uid contact resulted 
in failure and their ultimate demise. Retreatment 
cases occasionally require the removal of silver 

   Table 10.3    Properties of commonly used gutta-percha 
solvents   

 Chloroform  High effi cacy in dissolving gutta-
percha and root canal sealers 
 Antimicrobial 
 High toxicity if inhaled or extruded 
beyond confi nes of the canal 

 Eucalyptol  Low effi cacy in dissolving gutta-
percha and root canal sealers 
 Antimicrobial activity unknown 
 Low toxicity if inhaled or extruded 
beyond confi nes of the canal 

 Rectifi ed oil of 
turpentine 

 Low effi cacy in dissolving 
gutta-percha 
 High antimicrobial activity 
  High toxicity if inhaled or extruded 
beyond confi nes of the canal 

 Orange oil  High effi cacy in dissolving gutta-
percha and root canal sealers 
 Antimicrobial activity unknown 
 Nil toxicity if inhaled or extruded 
beyond confi nes of the canal 
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point fi llings. Successful removal of silver points 
is dependent on the ability to expose the silver 
point during disassembly without avoiding fur-
ther fracture, loosening the silver point from the 
surrounding cement casing and gaining an ade-
quate purchase in order to extract it from the root 
canal. If the head of the silver point has been 
exposed correctly and not fractured at the level of 
the root canal, then a surgical haemostat, artery 
forceps or Steiglitz forceps can be used to grasp 
the silver point and aiding removal. If the silver 
point is fl ushed with the root canal orifi ce, then 
the use of ultrasonics, Masserann Kit (Micro-
Mega, Besancon, France) or Cancellier Kit 
(SybronEndo, Orange, CA, USA) may be advan-
tageous in trephining and engaging the silver 
point for removal purposes [ 60 – 63 ]. 

 Chemomechanical preparation and disinfec-
tion protocols used for the management of pri-
mary untreated cases can be applied to previously 
root-treated teeth. Multi-visit appointments with 
the use of intra-canal inter- appointment medica-
ments are mandatory since the time to properly 
disinfect the root canal system in a single visit is 
often impossible. Dismantling of existing resto-
rations and previous root-fi lling materials and 
renegotiating canals to length are time-consum-
ing procedures requiring proper disinfection pro-
cedures to be postponed until the second 
appointment [ 64 ]. 

 The outcome of endodontic treatment is gen-
erally better than root canal retreatment, and this 
difference may be attributed to both the nature 
and location of the infection and treatment diffi -
culties encountered when trying to rectify previ-
ous treatment errors. A systematic review of 17 
studies published between 1961 and 2005 
reported that the pooled success rates of root 
canal retreatment ranged between 70 and 80 % 
[ 65 ]. A systematic review of 63 studies published 
between1922 to 2002 reported the pooled suc-
cess rate of root canal treatment ranged between 
68 and 85 % when strict criteria were used [ 66 ]. 
The major difference between the outcomes of 
primary and secondary root canal retreatment 
resides only in the ability to predictably access 
and negotiate the root canal system to the (resid-
ual) apical infection. Outcome data offers a very 

favourable prognosis for non-surgical root canal 
retreatment provided it is performed to accept-
able guideline standards [ 67 ]. 

 A few studies have compared non-surgical 
retreatment and endodontic surgery. A Cochrane 
review concluded that the short-term healing 
rates might be higher in the surgically treated 
cases [ 68 ]. The two randomised controlled trials 
comparing outcome of non-surgical retreatment 
vs. surgery hypothesised that the surgical treat-
ment resulted in a more rapid bone fi ll but was 
associated with higher risk of “late failures” [ 69 , 
 70 ]. The most recent meta-analysis comparing 
the outcomes of non-surgical root canal retreat-
ment and endodontic microsurgery concluded 
that the latter was a reliable treatment option with 
favourable initial healing and a predictable out-
come [ 71 ]. Bearing in mind that the cause of fail-
ure is usually residual infection within the root 
canal system, then non-surgical root canal retreat-
ment should be the treatment of fi rst choice. In 
cases where apical anatomy has been altered 
(canal transportation or blockage), whereby ren-
dering re-treatment procedures ineffective or 
impossible, then surgery may be the only alterna-
tive treatment option. An informed decision by 
the patient should be reached based on careful 
case assessment and known prognostic factors 
that may infl uence treatment outcomes. One must 
also take into consideration the estimated cost- 
benefi t analysis for all options including extrac-
tion and replacement when considering any 
treatment. A typical example is an anterior tooth 
with a well-fi tting cast post and core restoration 
where dismantling is not only a costly exercise 
but also carries the risk of potential root fracture. 
Such cases may be more amenable to a surgical 
approach rather than non-surgical retreatment.  

10.2     Disassembly Techniques 
for Crown Removal 

 Gaining access to root canals for non-surgical 
root canal retreatment procedures may involve 
the removal of existing restorations, cores, 
crowns, posts and materials from the orifi ce of 
root canals. Successful treatment depends on 
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achieving this goal, which can be complex and 
challenging with additional risks of failure if 
incorrect dismantling techniques are employed. 
Longevity of the tooth will be dependent on pre-
serving the remaining sound tooth structure and 
minimising further losses when attempting to re-
enter the canal system. Financial implications are 
also of primary concern for the patient particu-
larly if they have already made a costly invest-
ment by way of a cast restoration following 
completion of primary root canal treatment 
previously. 

 If the existing cast restoration is deemed to be 
good in quality, i.e. clinically and radiographi-
cally there does not appear to be any marginal 
discrepancies, then the crown may be retained. 

Root canal retreatment can be carried out by way 
of a conservative access through the existing cast 
restoration and subsequently sealed following 
completion of treatment (Fig.  10.4 ). The patient 
must be warned, nevertheless, the inherent risks 
when working through crowns including the risk 
of fracture (porcelain), debonding and the possi-
bility of removal and replacement if microscopic 
evidence of microleakage is evident during 
treatment.

   If the crown has an obvious defective mar-
gin or has been undermined by caries, then 
removal is indicated. Retaining a compromised 
restoration will only serve to reinforce failure 
in the future by way of microleakage and rein-
fection. Removal of the restoration will allow 

a b c
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  Fig. 10.4    Clinical radiograph and photographs demon-
strating root canal re-treatment procedure through a well-
fi tting cast restoration. Note ( a ) preoperative radiograph 
demonstrating poorly treated tooth 26 with peri-radicular 
pathology in relation to the mesial root. A serrated post 
was noted in the palatal canal. ( b ) and ( c ) Access prepara-
tion through the existing cast restoration. Once the core 

was revealed, ultrasonics were used instead of burs to pre-
vent post fracture and retrieval diffi culties. ( d ) Post 
located and ( e ) removed using ultrasonics. ( f ) Final obtu-
ration completed. Note minimal access cavity has been 
restored with an adhesive restoration to ensure coronal 
seal is maintained       
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for a careful assessment of remaining tooth 
structure and restorability prior to endodontic 
retreatment. Additionally removal allows 
improved vision and accessibility, particularly 
in cases where there is obvious crown-root 
misalignment. 

 Methods employed to remove cast restora-
tions include conservative (where the prosthesis 
remains intact), semi-conservative (where minor 
damage to prosthesis occurs but it can potentially 
be reused) and destructive (a new cast restoration 
will need to be fabricated). 

  Conservative methods 

    1.    The Richwill Crown and Bridge Remover 
(Richwill laboratories, Orange, CA, USA)    

  A water-soluble thermoplastic resin is avail-
able that can be softened in hot water and then 
placed on the tooth undergoing treatment. The 
patient is asked to bite down and compress the 
resin block to about two-thirds of the original 
thickness. When the resin has cooled, it will set 
hard and the patient is instructed to open their 
mouth quickly, resulting in lifting or loosening of 
the existing restoration. The patient must be 
warned of the risk of loosening or removing the 
opposing restoration (see Fig.  10.5 ).

    2.    Siqveland matrix band placement     

 This involves the application of a Siqveland 
matrix band over the crown, which is burnished 
into the undercuts and then pulled vertically. This 
can be a relatively simple successful method for 
the removal of some crowns, particularly if they 
have been temporarily cemented in place.

    3.    Sliding hammer crown and bridge remover     

 A suitable tip is selected to engage the crown 
margin, and then a weight is slid along the shaft 
of the instrument in a series of short successive 
taps aimed at loosening the restoration. This 
method can be uncomfortable for the patient and 

if forces are incorrectly directed pose risk of con-
siderable damage to the underlying tooth and 
core. The use of this technique should be reserved 
for metal cast restorations where these are not 
risk of porcelain fracture. 

  Semi-conservative methods 

    1.    Wamkeys (Dentsply, Weybridge, UK)    

  These are key-like instruments available in 3 
sizes. A hole must be cut through the crown 
bucally or lingually parallel to the occlusal sur-
face and at an imaginary level of the underlying 
core. A key is then inserted and rotated 90° 
resulting in a force in the path of insertion of the 
crown resulting in loosening or dislodgment. 
Care must be taken during initial hole preparation 
and rotation with porcelain crowns due to the risk 
of porcelain fracture.

    Destructive methods 

    1.    Sectioning    

  Sectioning the crown with a suitable tung-
sten carbide bur is an effective way of removal. 
A groove needs to be cut extending from the 
mid- buccal gingival aspect to the occlusal 
aspect of the crown. A similar groove is made 
on the mid- lingual aspect. The two sides are 
then connected by a further groove on the 
occlusal surface of the crown. Care must be 
taken to ensure that the groove does not extend 
beyond the margins of the crown to the under-
lying core with inadvertent risk of unnecessary 
tooth damage. Following groove preparation a 
suitable instrument such as a fl at plastic can be 
inserted into the groove and rotated in order to 
separate the crown into two fragments. 
Occasionally a further groove may need to be 
created in a mesial-distal direction if the resto-
ration proves to be very diffi cult to remove. It 
is important to ensure that the restoration is 
severed at the gingival margins otherwise pris-
ing the crown apart will be very diffi cult 
(Fig.  10.6 ).
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10.3        Disassembly Techniques 
for Core Removal 

 Underlying cores are generally constructed from 
amalgam or composite. The Nayyar amalgam 
core has been advocated as a means of restoring 
posterior teeth without the placement of posts. 
Amalgam is normally packed 2–4 mm into the 

coronal portion of the root canals. Removal of 
amalgam cores in the coronal 1/3 of the root 
canal should be carried out under direct visuali-
sation using a dental operating microscope. Core 
material should be removed with the use of ultra-
sonic tips, and burs should not be used due to risk 
of iatrogenic damage and perforation. Composite 
core material can be effectively removed using 

a b c
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  Fig. 10.5    Clinical photographs demonstrating the use of 
the Richwill crown and bridge remover. Note ( a ) preop-
erative view of teeth 24, 25, 26, and 27 which were treat-
ment planned for replacement crowns. ( b ) Following 
crown preparation and cementation procedures, the 
patient complained of pain and tenderness associated with 
tooth 25. Acute apical periodontitis was suspected and the 
patient referred for endodontic treatment. The prosth-
odontist had cemented tooth 25 with temporary cement to 
ease crown removal prior to endodontic therapy. ( c ) The 

water-soluble pliable resin crown remover. ( d ) The 
remover is placed in warm tap water (145° F) for 1–2 min. 
The remover is ready when it compresses slightly when a 
fi rm force is applied between the thumb and index fi nger. 
( e ) The remover is placed directly under the occlusal sur-
face of tooth 25 and ( f ) the patient is asked to bite down. 
( g ,  h ) Once the resin is cooled down, the patient is asked 
to forcefully open their mouth quickly resulting in ( i ) suc-
cessful removal of the restoration       
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ultrasonic vibration, although visualisation can 
be hampered if the colour of the core is similar to 
the surrounding dentine. Intermittent use of water 
spray within the access cavity may help distin-
guish between core material and adjacent dentine 
with differing translucencies when observed 
under the microscope. The CPR2, BUC1 and 
ProUltra2 tips are diamond coated and effective 
at removing amalgam and composite.  

10.4     Disassembly Techniques 
for Post Removal 

 Post removal has been shown to be a fairly pre-
dictable procedure provided appropriate tech-
niques have been employed. The two main risks 
when removing posts are the potential for root 
fracture and periodontal ligament damage. The 
former may result if inappropriate techniques are 
employed, and the latter may occur as direct 
damage from overheating when using ultrason-

ics. All patients should be informed of the rela-
tive low risk of root fracture following post 
removal. Periodontal ligament damage is pre-
ventable by ensuring the ultrasonic unit is set at a 
low power setting and the assistant is able to pro-
vide a constant spray of water coolant to the 
ultrasonic tip/post to dissipate and counteract the 
heat generated. 

  Post removal devices 

    1.    Ultrasonics    

  The use of ultrasonics has been shown to be 
highly effective when attempting to remove 
posts. The post must be separated from the core 
ensuring that the margins are undermined and 
any obvious cement lute is removed (Figs.  10.7  
and  10.8 ).

    The ultrasonic tip can be applied to the post 
head and vibrated out requiring an average time 
of 10 min. Well-cemented posts may be diffi cult 
to remove, and if there does not seem to be any 

  Fig. 10.6    Clinical photographs demonstrating destruc-
tive method of removing a cast restoration. ( a ) Preoperative 
view of the tooth, ( b ) gingival-occlusal reduction of cast 

restoration, ( c ) occlusal reduction, and ( d ) the use of a fl at 
plastic instrument to separate two halves of sectioned 
crown       
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evidence of movement after suffi cient time 
(5–15 min approximately), then alternative meth-
ods of removal may need to be used. 

 The clinician should always endeavour to 
work at the lowest power setting that will effi -
ciently and safely accomplish the task at hand. 
The selected ultrasonic instrument is initially 
moved circumferentially around the post to 
ensure that no remnants of cement lute are 

present. Specifi c ultrasonic instruments 
designed to transfer energy directly to the post 
are available ensuring optimal energy transfer 
required to promote cement/bond failure and 
post dislodgement. The instrument is energised 
and moved around the post. As stated earlier 
the by-product of ultrasonic energy is the pro-
duction of heat and countermeasures should be 
taken. 

  Fig. 10.7    Clinical photographs showing cast tapered 
post and core restoration removal using ultrasonics. Note 
( a ) preoperative view of tooth 23 ceramic post and core 
restoration. ( b ) Removal of ceramic crown reveals under-
lying post and core restoration. ( c ) Core reduced in size. 

( d ) Application of ultrasonics ensuring all visible luting 
cement has been disrupted. Constant water cooling with 3 
in 1 used throughout the procedure to ensure no damage to 
the periodontal ligament occurs. ( e ) Post vibrated out and 
( f ) post and core restoration dismantled       
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 If a screw or metallic post is present, the ultra-
sonic tip can be worked around the post in an 
anticlockwise direction to help loosen and 
unscrew it (Figs.  10.8  and  10.9 ).

    Removal of the fi bre post is generally spe-
cifi c to the post system, with different manufac-
turers supplying different removal kits. Often a 
pilot hole needs to be created followed by drill-
ing through the entire post using increasing 
diameter drills. When hollowing through the 

post, the removal drills must be orientated 
 centrally to reduce the risk of possible perfora-
tion or initiation of vertical fractures.

    2.    The Ruddle post removal device     

 This system was devised to mechanically 
engage and remove different kinds of posts and 
intra-canal obstructions whose cross-sectional 
diameters are 0.60 mm or greater. The kit  consists 
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  Fig. 10.8    Clinical radiograph and photographs show-
ing dismantling of failed endodontically treated tooth 
36. Note ( a ) pre-operative view demonstrating mar-
ginal  discrepancy ( white arrow ). Parallel prefabricated 
post present in distal canal with peri-radicular radiolu-
cency noted. ( b ) Pre-operative clinical view of full gold 
crown restoration. ( c ) Following sectioning of crown 
and placement of rubber dam. ( d ) Underlying cast post 
and core restoration sectioned into mesial and distal 

halves. ( e ) Removal of mesial cast post using ultrason-
ics. ( f ) Distal cast restoration and post. Care needs to be 
taken to avoid post fracture to the level of orifi ce which 
will increase diffi culty when attempting removal. ( g ) 
Following dismantling of core, cemental lute is removed 
and post vibrated using ultrasonics. Cotton wool is placed 
in the mesial canals ( red arrow ) to prevent potential canal 
blockages from occurring during the post removal proce-
dure. ( h ) Final crown, post and core restoration removed       
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of extracting pliers, a trans-metal bur, fi ve tre-
phines of varying diameters, fi ve corresponding 
tubular taps whose internal diameters range from 
0.6 to 1.60 mm, a torque bar, tube spacers and a 
selection of rubber bumpers. Prior to using this 
system, complete circumferential visualisation of 
the post within the pulp chamber is essential. 

 Core material is fi rst reduced in size to ensure 
that a trephine drill from the kit can be used to 
mill the post core into a cylinder. The trephines 
are rotated in a latch-type slow handpiece at 
15,000 rpm in a clockwise direction. The trephine 
is used to machine down a 2–3 mm length of the 
most coronal aspect of the exposed post. A rubber 

bung is fi tted onto the shaft of the remover and 
used to rest on the root surface thereby  protecting 
it. The tubular tap is then screwed onto the remains 
of the post that has been previously milled by the 
trephine bur in a counterclockwise direction. The 
jaws of the extracting pliers are placed between 
the head of the remover and rubber bungs and 
opened by rotating a screw. As the jaws open a 
force is exerted along the long axis of the post 
enabling its removal (Figs.  10.10  and  10.11 ).

   If turning the screw knob becomes increas-
ingly diffi cult, the clinician should consider using 
the indirect ultrasonic technique to further 
attempt vibration of the post-engaged tubular tap.  

  Fig. 10.9    Clinical photographs demonstrating ( a ) preoperative image of fractured screw post-retained ceramic restora-
tion, ( b ) crown sectioned, ( c ) cement lute removed from around the screw post prior to ( d ) removal       
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10.5     Retreatment of Gutta- 
Percha- Treated Canals 

 There are a number of methods to remove gutta- 
percha during root canal retreatment. These 
include mechanical (stainless steel or nickel- 
titanium rotary fi les), thermal (System B), chemi-
cal (solvents such as chloroform) or a combination 
of any of the aforementioned. 

  Mechanical methods 

    1.    Stainless steel hand instruments    

  Mechanical methods alone are only useful if 
the root fi lling consists of a standardised single 
cone that has been cemented in place or the exist-
ing fi lling is poorly condensed (Fig.  10.12 ). In 
both scenarios space will be present between the 
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  Fig. 10.10    Clinical photographs demonstrating post and 
core restoration removal in tooth 12. Note ( a ) preoperative 
radiograph with periapical radiolucency associated with 
the periapex. ( b ) and ( c ) Buccal and palatal views of exist-
ing cast restoration. Note marginal discrepancy on the 
palatal aspect warranting dismantling. ( d ,  e ) Crown sec-
tioned and removed ( f ) underlying cast post and core 
revealed ( g ) application of ultrasonics used to vibrate post 

and core restoration and ( h ) water coolant constantly 
used. ( i ) After 15 min of ultrasonics decision to use 
Ruddle post remover kit. The post head is prepared with a 
trephine bur. ( j ) A number 3 trephine has machined down 
the coronal 3 mm of the post. ( k ) The assembled Ruddle 
post system mounted in place and ( l ) close-up view of the 
tubular tap which has been turned counterclockwise to 
form threads on the trephined post head       
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root fi lling and root canal wall allowing the inser-
tion of a Hedström fi le and engagement of the 
fi lling material. The fi le is rotated a quarter turn 
clockwise to ensure further engagement before 
withdrawing the fi le from the canal. The loose 
fi lling should be withdrawn easily. Occasionally 
the use of a Hedström braiding technique 
whereby two to three fi les are inserted, engaged 
and twisted prior to withdrawal (Fig.  10.13 ). This 
technique can be particularly useful for removing 
overextended root fi llings.

    Removal of gutta-percha will vary according 
to the obturation technique previously employed. 
On occasion single cones or poorly condensed 
root fi llings may be mechanically removed in 
one single motion using only hand instrumenta-
tion. Well condensed root fi llings, canal length, 
curvature, internal anatomy and cross sectional 

diameter may all infl uence the ease of removal 
and often require a combination of additional 
gutta-percha removal techniques to be used.

    2.    Nickel-titanium rotary instruments    

  Rotary nickel-titanium fi les can be used to 
remove gutta-percha root fi llings. ProTaper 
retreatment fi les have been specifi cally designed 
for this purpose. These rotary fi les are used at a 
set speed of between 500 and 700 rpm allowing 
effective engagement and removal of the obturat-
ing material. The ProTaper D1 fi le (30/09) is 
rotated into the coronal mass of gutta-percha to 
create friction, heat and allowing penetration of 
the instrument deeper into the canal. The fi le 
should be removed frequently for removal of 
gutta-percha debris from the fl utes. Once the 

  Fig. 10.11    Clinical photographs demonstrating use of 
Ruddle post remover system to retrieve post and core resto-
ration. Note ( a ) the tubular tap has been secured. The rub-
ber surface has been seated against the occlusal surface to 

protect the tooth ( b – e ) the jaws of the extracting pliers are 
opened by turning the screw clockwise. As the jaws slowly 
open the post can be seen safely withdrawn from the long 
axis of the tooth. ( f ) Post removal completed       
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instrument has safely instrumented the coronal 
1/3, the next instrument ProTaper D2 fi le (25/08) 
can be selected. This instrument allows removal 
of gutta-percha from the middle 1/3 of the canal. 
When appropriate, the ProTaper D3 fi le (20/07) 
can be used to instrument and enable gutta- 

percha removal from the apical 1/3 of the canal. 
Small-sized hand fi les should be used for the last 
1–2 mm apically to allow negotiation of the 
canal. Care must be taken particularly in curved 
canals where heavy pressing may result in canal 
transportation and possible perforation.

a b c

  Fig. 10.12    Clinical radiograph and photograph of end-
odontic re-treatment of tooth 21. Note ( a ) preoperative 
radiograph demonstrating single-cone gutta-percha treat-
ment. A periradicular radiolucency was associated with 
this tooth. Adjacent tooth 22 responded positively to ther-

mal and electric pulp testing, ( b ) gutta-percha cone 
removed using combination of mechanical and thermal 
methods. ( c ) Completed case using warm vertical com-
paction technique       

a b c d

  Fig. 10.13    Clinical radiographs and photograph of end-
odontic re-treatment of tooth 22. Note ( a ) preoperative 
radiograph demonstrating overfi lled tooth 22 with a dis-
tinct periradicular lesion, ( b ) gutta-percha cones removed 
using combination of mechanical (Hedstrom braiding 

technique) and thermal methods. ( c ) Completed case 
using warm vertical compaction technique. ( d ) 6-month 
review radiograph demonstrating reduction in lesion size 
and ongoing healing       
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    3.    Ultrasonic instruments     

 The use of ultrasonics with an appropriate tip 
can be particularly useful for removing gutta- 
percha in the coronal 1/3 of the canal. Often any 
gutta-percha remaining on the canal wall can be 
visible under the operating microscope, and pre-
cise application of an ultrasonic instrument can 
allow safe removal without risk of iatrogenic 
damage. 

  Thermal methods  
 Heat directly applied to condensed gutta- 

percha root fi llings can allow softening, facilitat-
ing direct removal or indirectly creating further 
space for hand or rotary instruments in combina-
tion with chemical means to engage and remove 
root-fi lling remnants. When using any heated 
device in the root canal, care must be taken not to 
apply excessive heat to avoid periodontal liga-
ment damage. Heated instrument should only be 
activated in short intermittent bursts as opposed 
to continuous application.

    1.    Use of open fl ame     

 Hand instruments are passed through an open 
fl ame until red-hot and then the instrument is 
transferred to the tooth resulting in superfi cial 
softening of the gutta-percha. Disadvantages of 
this technique include poor heat transfer, since 
the instrument will begin to cool down as soon as 
it is removed from the fl ame and also there is a 
risk of inadvertent injury to the patient.

    2.    Touch ‘n Heat (SybronEndo, Orange, CA, 
USA)   

   3.    System B Heat Source (SybronEndo, Orange, 
CA, USA)     

 These devices eliminate the need for open 
fl ame in the operatory resulting in added safety 
and controlled heat delivery to the working site. 
Various electrically heated spreaders or plug-
gers are available with touch activation and 
adjustable heat intensity that can be introduced 
into the mass of gutta-percha. Upon activation 

the gutta- percha is heated and softened. The 
spreader or plugger is allowed to cool down 
again before a quick burst of heat activation to 
allow removal of spreader/plugger along with 
any softened gutta- percha clinging to the cooled 
spreader/plugger. These instruments can be 
used effectively to within 5–7 mm of the apical 
constriction (depending on curvature) allowing 
further mechanical and chemical removal as 
necessary. 

10.5.1     Chemical Solvents 

 Mechanical removal of gutta-percha with or 
without the use of heat will help clear the bulk of 
gutta-percha root fi lling. However, there will be 
remnants of gutta-percha attached to canal walls 
and in the critical apical portion of the tooth that 
will require the use of solvents. Solvent use to 
soften gutta-percha is a quick and reliable method 
(Figs.  10.14  and  10.15 ). Inadvertent extrusion of 
solvent can be harmful to the patient resulting in 
acute pain and possible allergic reactions; there-
fore, solvents should be confi ned to within the 
canal system only.

      1.    Chloroform    

  The solvent should be drawn up in a small 
syringe and marked to avoid confusion with other 
irrigants that may be used during the procedure. 
Once the bulk of gutta-percha has been removed 
from the coronal and middle 1/3 of the canal, the 
solvent can be introduced into the canal. A reser-
voir of the solvent can be introduced with care 
not to overfi ll, since excessive solvent will result 
in rubber dam dissolution and puncture requiring 
replacement. Once the solvent has been intro-
duced, hand stainless steel or nickel-titanium 
rotary instruments can be used to further soften 
the remaining gutta-percha root fi lling. The soft-
ened gutta-percha can be engaged with Hedström 
fi les as discussed previously. On removal the fi le 
should be cleaned and further solvent may be 
required to aid removal. 
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a b c d

e f g h

  Fig. 10.14    Clinical radiographs and photographs dem-
onstrating re-treatment of tooth 21 using a combination of 
mechanical re-treatment rotary fi les and chemical solvent 
(chloroform). Note ( a ) preoperative radiographs of tooth 
21, ( b ) palatal access cavity prior to treatment, ( c ) the use 
of D1 ProTaper re-treatment fi le, ( d ) space created, ( e ) 

introduction of chloroform solvent, ( f ) paper point wick-
ing of gutta-percha, ( g ) the use of sodium hypochlorite 
irrigation following removal of all remnants of gutta-per-
cha, and ( h ) MAF confi rming all gutta-percha has been 
effectively removed       

  Fig. 10.15    Clinical photographs demonstrating the chlo-
roform wicking technique. Once the majority of gutta-
percha has been removed using mechanical, thermal, and 
chemical means, any fi nal remnants of material are 
removed by the “wicking technique.” ( a ) The root canal is 
fl ushed with the solvent (chloroform) followed by drying 

with paper points. This helps to remove any fi nal remnants 
of gutta-percha particularly in the apical 1/3 of the canal. 
( b ) As we move from left to right, paper points introduced 
into the canal system remove remaining remnants of 
gutta-percha until none is left       
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 Once all the gutta-percha has been removed, 
the canal can be fl ooded with solvent, and a 
“wicking technique” using paper points can be 
applied to remove any remaining remnants of 
gutta-percha. Once there are no signs of gutta- 
percha on the paper point, you can be confi dent 
that the gutta-percha has been removed 
(Fig.  10.15 ). Radiographic assessment may be 
required to confi rm removal has been 
completed.   

10.6     Retreatment of Gutta-Percha 
Carrier-Based Fillings 

 A gutta-percha carrier device or obturator is 
composed of gutta-percha moulded around a 
plastic or metal carrier (Thermafi l). The metal 
carrier devices have become obsolete due to 
diffi culties of retrieval. The plastic carrier 
devices have recently been replaced by a pro-
prietary cross-linked gutta-percha core, which 
is claimed to facilitate retreatment if required 
(GuttaCore). Removal of the plastic carriers 
can be carried out either mechanically using 
Hedström fi les with or without the solvent. 
Heat application to the head of the carrier has 
also been proposed whereby the plastic carrier 
is softened and adheres to the cooled spreader/
plugger, which can then be withdrawn. 
Techniques utilising rotary fi les at high speeds 
have also been advocated whereby insertion of 
the fi le alongside the carrier until resistance is 
met creates friction and heat softening the 
gutta-percha and carrier for ease of removal. 
Care must be taken, particularly in curved 
canals where canal transportation is possible. 
Removal of carriers can be problematic partic-
ularly if the carrier fractures leaving an apical 
segment beyond the curvature. Ideally a space 
should be created beside the carrier to allow 
for surrounding gutta-percha and sealer to be 
removed using small fi les and solvents before 
trying to remove the carrier whole. If the gutta- 
percha has not been effectively removed, then 
the carrier will remain adherent to the remain-
ing gutta-percha, and there is greater risk of 
carrier fracture.  

10.7     Retreatment of Paste Fills 

 Although no longer advocated in modern end-
odontics, cases for retreatment may still be encoun-
tered, particularly patients from Eastern Europe 
where this method of fi lling root canals remain 
popular. Effective removal of paste/cement 
depends on whether the material is non- setting 
(soft) or hard setting. Non-setting materials can 
easily be removed using a combination of solvent 
action and mechanical instrumentation. Hard-
setting pastes, such as resorcinol-formalin root fi ll-
ings (SPAD, Traitement SPAD, Quetigny, Les 
Dijon, France), set by forming resin tags attached 
to the dentinal tubules, making retreatment very 
diffi cult. Removal will be dependent on the extent 
of the fi lling and whether it is accessible to ultra-
sonic fi les that can break up the residual material in 
a controlled fashion. Diffi culties arise in curved 
canals where instruments can no longer be visual-
ised with the aid of a microscope greatly increasing 
iatrogenic perforation risk. Additional solvent use 
has been recommended (Endosolv R, Spécialités 
Septodont, Saint-Maur, France) but only in con-
junction with mechanical means of removal.  

10.8     Retreatment of Silver Point 
Fillings 

 Once a popular technique for root canal obtura-
tion, these types of fi llings have fallen out of 
fashion and considered obsolete. Nevertheless 
there will still be cases requiring retreatment 
where a silver point fi lling requires retrieval. The 
fi rst step to ensure successful retrieval will be to 
separate the core from the silver point, which 
often protrudes into the coronal pulp chamber. 
The core material can be carefully dismantled 
using ultrasonics ensuring the head of the silver 
point is left intact without weakening or fractur-
ing it. Separation of the silver point to the level of 
the canal orifi ce will make retrieval very diffi cult 
requiring principles used to manage separated 
instruments (see Chap.   11    ). Prior to attempting 
removal the silver point must be loose. Silver 
points are round in cross-section, so their ability 
to seal the root canal system was reliant on a 
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large volume of sealer to fi ll the remaining space. 
This sealer component has to be loosened to 
ensure that the silver point is free ensuring with-
drawal without fracture (Fig.  10.16 ).

   A mechanical fi le should be inserted beside 
the silver point and circumferentially worked to 
loosen the silver point within the canal. Use of 
solvents may be helpful for dissolution of sealer 
remnants and breakage of cement lute. Once the 
point is deemed to be loose, extraction of the sil-
ver point will require a point of purchase at the 
exposed coronal portion. The use of surgical hae-
mostat, artery forceps and specialised forceps 
(Steiglitz forceps) can be helpful. The Cancellier 
kit (SybronEndo, Orange, CA, USA) is a micro-
tube removal method that can be used to engage 
an intracanal obstruction such as a silver point. It 
contains four different sized microtubes (diame-
ters of approximately 0.50, 0.60, 0.70 and 
0.80 mm) selected to pre-fi t the exposed head of 
the coronally exposed obstruction. The use of 
adhesive allows the hollow tube and silver point 
to set, enabling extraction. Caution should be 

exercised in terms of the amount of adhesive 
used, which could inadvertently block the canal. 

 If the silver point has fractured in the middle 
1/3 or apical 1/3 of the canal or a sectional silver 
point was used, then retrieval will be very diffi -
cult. Removal will be dependent on the position 
of the instrument, whether it is beyond the curva-
ture of the canal and whether it can be bypassed 
or not. Occasionally a surgical approach may 
need to be adopted to facilitate removal.  

10.9     Removal of Root Canal 
Sealers 

 Traditional endodontic root canal sealers based on 
zinc oxide eugenol or calcium hydroxide can be 
readily removed using a combination of mechani-
cal instrumentation supplemented with the aid of 
solvents. However, removal of glass ionomer 
cements, epoxy or other resin-based sealers can 
prove to be more diffi cult to remove due to their 
adherence to the canal walls and insolubility in the 
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  Fig. 10.16    Clinical photographs demonstrating step-by-
step procedure for removing a silver point. ( a ) Preoperative 
palatal aspect of tooth 22. ( b ) Note following careful dis-
mantling of the coronal restoration the underlying gutta-
percha and silver point is exposed, ( c ) gutta-percha 
removed using mechanical re-treatment fi les, ( d ) use of 

ultrasonics to remove any remnants of cement lute/sealer 
surrounding the silver point, ( e ) checking for space beside 
silver point instrument and canal wall, ( f ) insertion of 
Hedstrom fi le to attempt retrieval once space verifi ed and 
silver point judged to be loose. ( g ) Extracted silver point 
(note corrosion as evident by black staining ( red arrow )       
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presence of solvents. Effective removal of these 
sealers will require the use of ultrasonics which is 
more time consuming and risky.  

10.10     Clinical Cases 

 Endodontic failures are the result of a multitude 
of aetiological factors including coronal leakages, 
missed canals, underfi llings (indicating underpre-
pared canals), ledges, perforations and transporta-
tions. Irrespective of aetiology the predominant 
factor underlying the failure is bacterial, either 
reinfection by way of coronal leakage or inade-
quate management of the residual bacterial load 
in the fi rst instance. Success of retreatment will 
not only be dependent on regaining apical access 
but often involving complex disassembly tech-
niques that if not correctly carried out may further 
compromise the tooth in question. Costly retreat-
ment procedures may be better suited for clini-
cians with the skills and expertise and 
understanding beforehand as to what is required 
to achieve success. Referral to a specialist may be 
prudent to ensure a favourable outcome. 

  Case 1: Retreatment Due to Missed Canal 
Anatomy     A fi t and healthy 36-year-old patient 
was referred for endodontic retreatment of tooth 
25. The general dental practitioner had been 
unable to locate the additional palatal canal, and 
the patient was experiencing intermittent pain 
from the tooth. Access cavity preparation was 
carried out followed by refi nement with the use 
of ultrasonic instrumentation to locate the addi-
tional palatal canal. Gutta-percha was removed 
from the buccal canal using rotary ProTaper 
retreatment fi les and solvent action in the apical 
1/3. Patency was confi rmed in both canals and 
chemomechanical preparation completed using 
1 % sodium hypochlorite solution. Additional 
sonic irrigation was carried out before placement 
of an interim calcium hydroxide dressing for 4 
weeks. A double seal temporary restoration was 
placed using Cavit and glass ionomer cement. 
Root canal obturation was completed using a 
warm vertical compaction technique (System B 
and Obtura) using AH plus cement. The patient 

was referred back to the general dental practitio-
ner for placement of a permanent cast cuspal cov-
erage restoration (Fig.  10.17 ).

     Case 2: Retreatment Due to the Enlargement of 
Peri-radicular Radiolucent Lesion Associated 
with a Root-Treated Tooth     A 41-year-old patient 
with well-controlled hypertension was referred for 
endodontic retreatment of tooth 46. The patient 
had been experiencing discomfort with this tooth, 
which had been previously endodontically treated 
12 months ago by an endodontic specialist. The 
general dental practitioner was concerned about 
the possibility of root fracture and uncertain as to 
the possible cause of failure. Clinical examination 
revealed a ditched temporary occlusal access 
dressing. Tooth 46 was tender to percussion and 
radiographic examination confi rmed the presence 
of a peri-radicular radiolucency (Fig.  10.18 ).

   Previous gutta-percha was removed using a 
combination of rotary retreatment fi les and chlo-
roform wicking. Patency was re-established, 
working lengths determined and chemomechani-
cal preparation completed using 1 % sodium 
hypochlorite solution. An interim calcium 
hydroxide dressing was placed for 4 weeks. The 
canals were obturated using a warm vertical com-
paction technique using AH plus cement. The 
patient was referred back to the general dental 
practitioner for placement of a permanent core 
restoration. An orthodontic band was left in situ 
to prevent coronal fracture, and a decision was 
made to delay placement of a cast restoration 
until defi nitive signs of periapical healing. The 
patient was reviewed at 6 months at which time 
there were clear signs of apical healing.  

  Case 3: Retreatment Due to Technical 
Defi ciency     A fi t and healthy 31-year-old patient 
was referred for endodontic assessment of tooth 
36. The patient previously had tooth 37 root 
treated, but this tooth had been extracted due to 
vertical root fracture and subsequently replaced 
with a dental implant. The general dental practi-
tioner was considering placement of a crown res-
toration on tooth 36 to prevent future demise but 
was concerned with the suboptimal root canal 
treatment (Fig.  10.19 ).
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   Clinical examination revealed the tooth was 
asymptomatic. Radiographic examination con-
fi rmed previous endodontic fi llings short of 
respective apices. A widened periodontal liga-
ment was noted with the mesial roots. A decision 
was made to embark on root canal retreatment. 

 A coronal access cavity preparation was 
 carried out through the existing core restoration. 
The composite core material required careful 

 ultrasonic troughing with the aid of the operating 
microscope. Gutta-percha root-fi lling material 
was removed using rotary retreatment fi les and 
solvent action. Patency was achieved in the con-
fl uent mesial canals. The distal canals were 
blocked and patency could not be regained. 
Chemomechanical preparation was completed 
using 1 % sodium hypochlorite solution. An 
interim dressing of calcium hydroxide was placed 
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  Fig. 10.17    Clinical radiographs and photographs demon-
strating root canal re-treatment of tooth 25. Note ( a ) preop-
erative fi lm demonstrating two root canals and only the 
buccal canal has been treated. ( b ) Intraoral view demon-
strating coronal restoration, ( c ) access cavity preparation 
revealing obturated buccal canal, ( d ) refi nement of access 
to locate untreated palatal canal ( black arrow ), ( e ) master 

apical fi le radiograph showing working lengths of buccal 
and palatal canals (buccal canal was retreated using 
mechanical/chemical measures), ( f ) intraoral view of buc-
cal and palatal canals following completion of chemome-
chanical debridement, ( g ) obturated canals, and ( h ) fi nal 
postoperative radiograph demonstrating well-obturated 
canals and coronal double seal temporary restoration       

 

10 Non-surgical Root Canal Retreatment



248

for a 4-week period. Obturation was completed 
using a warm vertical compaction technique 
using AH plus cement. The patient was referred 
back to the general dental practitioner for place-
ment of a permanent cast cuspal coverage resto-
ration. At 6 months review the patient remained 
asymptomatic.  

  Case 4: Retreatment Through a Cast Post 
Restoration Without the Need for 
Dismantling     A fi t and healthy 68-year-old gen-
tleman was referred for endodontic retreatment 
of tooth 46. Clinical examination revealed a 
ceramic crown restoration with good marginal 
integrity. Radiographic examination revealed a 

a b

c d

  Fig. 10.18    Clinical radiographs demonstrating end-
odontic re-treatment of tooth 46. Note ( a ) pre-operative 
radiograph showing primary treatment completed by a 
specialist endodontist. The coronal temporary restora-
tion was still in place despite treatment completed twelve 
months ago. Obturation appears well condensed. A peri-
radicular radiolucency was noted and the tooth was symp-
tomatic. A decision was made to proceed with root canal 
 re-treatment. ( b ) Mid-fi ll radiograph. ( c ) Post-treatment 

obturation using a warm vertical compaction technique. 
The patient was advised to have a permanent resin core 
placed but to delay placement of a cast restoration until 
healing was evident. An orthodontic band was left in place 
as a precaution during this interim period. ( d ) The patient 
was reviewed at 6 months. Note complete peri-apical heal-
ing. The patient was advised to return to his general dental 
practitioner for a cast cuspal coverage restoration to pre-
vent potential for both tooth fracture and coronal leakage       
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post-retained restoration with poorly condensed 
root fi llings. A peri-radicular radiolucency was 
associated with the peri-apex of tooth 46. A deci-
sion was made to access the crown and post 
removal without crown disassembly. The patient 
was warned of the possibility of ceramic fracture 
and debonding following post removal. Access 
was carried out initially using a tungsten carbide 
bur until core material was encountered. 
Ultrasonic fi les were used to dismantle the core 
to prevent post fracture. The post was removed 
using ultrasonic vibration. Gutta-percha was 
removed using rotary retreatment fi les and sol-
vent action. Patency was achieved in all canals 
and chemomechanical preparation completed 
using 1 % sodium hypochlorite solution. 

 An interim calcium hydroxide dressing was 
placed for 4 weeks. Obturation was completed 
using a warm vertical compaction technique using 
AH plus cement. No post preparation space was 
left in the distal canal, since the post was not con-
tributing to retention of the pre-existing crown or 
core. A reinforced zinc oxide eugenol and glass 
ionomer restoration was placed as a temporary 
measure. The patient returned to his general dental 
practitioner who placed a composite core restora-
tion in the access cavity. The patient was reviewed 
at 6 months, and radiographic examination 
revealed continued periapical healing. The patient 
was advised a further follow-up review in 12 
months to determine healing of the preoperative 
periapical lesion (Fig.  10.20 ).

  Fig. 10.19    Clinical radiographs demonstrating root 
canal re-treatment of tooth 36 due to technical defi cien-
cies. The general dental practitioner was keen to place a 
cast restoration on this tooth to avoid root fracture. Note 
( a ) preoperative view showing acquired loss of tooth 37 
due to vertical root fracture. ( b ) A dental implant was 

placed in the 37 socket. ( c ) Preoperative view showing 
four root- fi lled canals short of respective apices (>3 mm). 
( d ) Mid- fi ll radiograph demonstrating lateral canal. ( e ) 
Postoperative view demonstrating retreated 36. ( f ) 
6-month review radiograph following placement of a cast 
restoration       
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     Case 5: Endodontic Retreatment of a Tooth 
with Unusual Apical Anatomy     A 43-year-old 
gentleman was referred for endodontic retreat-
ment of tooth 21. The patient had undergone root 

canal treatment over 15 years ago in South Africa. 
During a routine examination his general dental 
practitioner had noted an incidental lateral peri-
radicular radiolucent lesion associated with this 
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  Fig. 10.20    Clinical radiographs and photographs dem-
onstrating endodontic re-treatment of tooth 46. Note ( a ) 
and ( b ) preoperative digital fi lms showing previous sub-
optimal root canal treatment. A parallel post was evident 
in the distal canal. A periradicular radiolucency was pres-
ent. The case had been treated more than 4 years ago and 
a provisional diagnosis of failed RCT was made. ( c ) 
Intraoral view following access preparation and core dis-

mantling to reveal the post. ( d ) Post removal following 
application of ultrasonics. ( e ) Initial apical fi le and ( f ) 
master apical fi le radiographs. Note confl uent mesial 
canal anatomy. ( g ) Mid-fi ll radiograph following down-
pack. ( h ) Backfi ll using a warm vertical compaction tech-
nique with AH Plus cement, System B, and Obtura. ( i ) 
6-month review radiograph showing completed case       
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tooth. Clinically the tooth was asymptomatic. 
Radiographic examination confi rmed previous 
endodontic treatment. A lateral peri-radicular 
radiolucency was confi rmed. Treatment options 
were discussed, and the patient was keen to 
attempt retreatment in the fi rst instance. The 
patient was sent for a cone beam CT scan of the 
maxilla only to rule out the possibility of an api-
cal root fracture. The cone beam CT report stated 
the probability of a lateral canal in the apical 1/3 
of tooth 11 with an associated peri-radicular 
radiolucency (Fig.  10.21 ).

   Non-surgical root canal retreatment was carried 
out under a rubber dam. Previous root fi llings were 
removed using mechanical and chemical means 
(rotary retreatment fi les and chloroform wicking). 
Apical patency was  confi rmed. A lateral canal 

was instrumented and confi rmed radiographi-
cally. A gutta-percha sinus-tracing radiograph 
was traced to the lateral radiolucent lesion asso-
ciated with tooth 11. Chemomechanical instru-
mentation was carried out and master apical fi le 
size confi rmed #90. An intra-canal medicament 
of calcium hydroxide was placed for 4 weeks and 
the patient reviewed accordingly (Fig.  10.22 ). At 
the review appointment the sinus had healed. A 
periapical radiograph confi rmed that the intra-
canal dressing had dissolved (Fig.  10.22 ). A fur-
ther dressing of calcium hydroxide was placed, 
and radiographic examination confi rmed extru-
sion of dressing material (Fig.  10.23 ). The patient 
was warned of the possibility of post- operative 
sensitivity. The patient was reviewed a further 8 
weeks later. At the review appointment the tooth 

  Fig. 10.21    Cone beam CT multiplanar images  showing 
axial, coronal and sagittal images of tooth 11. The 
 impression of a prominent accessory canal in tooth 11 was 

noted. Localised bone loss on the mesial aspect of tooth 
11 is best appreciated in coronal slices 22–24. The lateral 
(accessory) canal is best seen on coronal slice 24       
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remained asymptomatic. A decision was made to 
obturate the canal. A pretreatment radiograph was 
taken to confi rm presence of calcium hydroxide in 
the lateral lesion. The canal was reaccessed, and a 
fi nal irrigation was carried out using 1 % sodium 
hypochlorite solution and 17 % EDTA. A master 
gutta-percha cone was cone fi tted using a chloro-
form customisation technique.

    The canal was dried and AH plus sealer intro-
duced using paper points. The master gutta- percha 
cone was cemented to length and a warm vertical 
compaction technique was carried out. Downpack 
was carried out to the lateral canal position. A 
mid-fi ll radiograph was taken to confi rm the api-
cal 1/3 gutta-percha fi ll (Fig.  10.23 ). The remain-
ing middle 1/3 and coronal aspects of the canal 

  Fig. 10.22    Clinical radiographs demonstrating root 
canal re-treatment of tooth 11. Note ( a ) preoperative view 
demonstrating lateral periradicular lesion and initial root 
canal treatment. ( b ) IAF radiograph following removal of 
previous root fi lling material. ( c ) Lateral canal working 

length radiograph. ( d ) Gutta-percha sinus tracing radio-
graph demonstrating sinus in relation to lateral lesion. ( e ) 
Calcium hydroxide dressing placement. ( f ) 1-month 
review showing dissolution of dressing material       
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was obturated using Obtura backfi ll. A temporary 
double seal coronal restoration was placed using 
IRM and glass ionomer cement. The patient was 
referred back to his general dental practitioner for 
permanent restoration of the tooth.  

  Case 6: Endodontic Retreatment of Tooth 
36 Previously Treated with Silver Point 
Fillings     A fi t and healthy 85-year-old gentle-
man was referred for endodontic retreatment of 
tooth 36. The patient had previously undergone 

root canal treatment in 1960 during his time in the 
naval forces. The tooth had remained asymptom-
atic until 2 months ago when he became aware 
of intermittent pain and discomfort. The pain was 
exacerbated by biting and chewing and localised to 
tooth 36. Clinical examination revealed a full gold 
crown restoration with an intact overlying buccal 
class V restoration on the mesial aspect. The tooth 
was tender to percussion. Radiographic examina-
tion revealed the presence of silver point root fi ll-
ings in the mesial and distal roots. An untreated 

  Fig. 10.23    Clinical 
radiographs demonstrating 
( a ) further dressing 
material placement for a 3 
month period. ( b ) 
Pre-obturation radiograph 
demonstrating dissolution 
of dressing and extrusion 
of calcium hydroxide 
dressing into the lateral 
lesion. ( c ) Mid-fi ll 
radiograph following 
chloroform cold lateral 
customization and warm 
vertical compaction using 
AH plus cement. Note the 
extrusion noted laterally is 
the previous calcium 
hydroxide dressing that 
has not yet dissolved. ( d ) 
Final post operative view 
demonstrating well 
obturated case       
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mesial canal was noted and the mesial root fi lling 
was short of the radiographic apex. A peri-radic-
ular radiolucency was noted with the distal root. 
A  provisional diagnosis of acute  exacerbation of 
chronic apical periodontitis was made and treat-

ment options discussed. The patient was keen 
to try and retain the tooth avoiding a free end 
saddle situation in his lower left posterior region. 
Access cavity was  prepared through the existing 
cast restoration. The underlying amalgam core 
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  Fig. 10.24    Clinical radiographs and photographs dem-
onstrating endodontic re-treatment of tooth 36. Note ( a ) 
preoperative radiograph demonstrating silver point root 
fi llings placed 30 years previously. ( b ) Full gold crown 
restoration. ( c ) Access cavity demonstrating underlying 
amalgam core. Ultrasonics were used to carefully break 
up the core material without disrupting the silver points. 
( d ) MB silver point fi lling was removed and additional 
untreated ML canal located which was confl uent with the 
MB canal. No further length could be achieved mesially. 

The distal silver point had sectioned at the curvature. The 
silver point was initially bypassed and could be visualized 
under the dental operating microscope. The point was 
carefully vibrated with ultrasonics and retrieved. ( e ) MAF 
radiograph. ( f ) Retrieved distal silver point which had 
fractured in the apical 1/3. ( g ) Radiograph confi rming 
removal of all silver points. ( h ) Mid-fi ll radiograph fol-
lowing warm vertical compaction using gutta-percha and 
AH Plus cement. ( i ) Radiograph following backfi ll using 
Obtura       
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was dismantled carefully ensuring that the silver 
points were left undisturbed. Troughing of core 
material was carried out at a low-power setting 
until both silver points could be visualised. The 
mesial point in the mesiobuccal canal was pro-
gressively bypassed using K fi les up to size #20. 
Chloroform was used to dissolve any remnants 
of sealer. A Hedström fi le was then placed in the 
space created and used to engage the silver point 
and remove it. Further ultrasonic troughing was 
carried out more lingually to locate the untreated 
mesiolingual canal. The silver point in the dis-
tal canal was also initially bypassed to working 
length, and progressively larger fi le sizes up to 
#25 were introduced. Initial irrigation was carried 
out with chloroform to help dissolve any sealer 
within the canal. A Hedström braiding technique 
was used to retrieve the silver point. On retrieval 
the apical portion beyond the curvature had sepa-
rated. The point could be bypassed and visual-
ised using the dental operating microscope. The 
silver point was gently vibrated using an ultra-
sonic narrow tip at a very low power setting. The 
separated silver point was ultrasonically vibrated, 
loosened and retrieved using a Hedström fi le size 
#50. Chemomechanical preparation was carried 

out using 1 % sodium hypochlorite solution. The 
mesial canals were blocked at the level of previ-
ous instrumentation. No further length could be 
achieved (Fig.  10.24 ).

   A standard rotary preparation was completed 
using ProTaper Next fi les. An intra-canal medica-
ment of calcium hydroxide was placed for 4 
weeks. At the obturation appointment, the patient’s 
symptoms had resolved and the patient remained 
asymptomatic. Obturation was completed using a 
warm vertical compaction technique using gutta-
percha and AH plus cement. Following comple-
tion of obturation, a temporary double seal was 
placed in the access cavity (IRM/glass ionomer 
cement) prior to discharge back to the patient’s 
general dental practitioner (Fig.  10.25 ).

     Clinical Hints and Tips for Root Canal 

Treatment and Retreatment Procedures 

to Ensure Optimal Management of Root 

Canal Infection 

•     The use of rubber dam is essential to 
 facilitate an aseptic technique.  

•   Canal preparation should be to the canal 
terminus ensuring no space has been left 
untreated.  

  Fig. 10.25    Clinical radiographs demonstrating ( a ) 
 pre-operative view of tooth 36 with untreated ML canal 
and silver point fi llings in MB and D canals. ( b ) Post-
operative view of completed re-treatment. The patient 
was asked to return to his general dental practitioner for 
placement of a permanent coronal restoration. The mesial 
canals were confl uent in the apical 1/3 but blocked beyond 

this point. Despite attempts of negotiating further no 
canal patency could be achieved. Following completion 
of chemo-mechanical preparation to this level and intra-
canal medicament the tenderness associated with the tooth 
settled down completely. The patient was warned of pos-
sible surgery in the future if any further symptoms were 
to occur and the patient was still keen to retain the tooth       

 

10 Non-surgical Root Canal Retreatment



256

•   Suffi cient taper should be given to the canal 
preparation to optimise disinfection proce-
dures and facilitate obturation.  

•   Optimal irrigation of the canal system 
should be carried out using a suitable disin-
fectant with tissue-dissolving properties.  

•   The use of an antiseptic intra-canal dress-
ing of the canal system in between visits.  

•   The use of a biologically acceptable “dou-
ble” temporary coronal seal of the root 
canal system after disinfection procedures 
is essential to ensure reinfection does not 
occur between visits.  

•   Correct extension of a homogenous root 
canal fi lling to the canal terminus without 
extrusion is ideal.  

•   Optimal fi nal cast cuspal coverage restora-
tion should be advised to prevent bacterial 
recontamination of the canal system and 
fracture of the tooth.         
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      Separated Endodontic 
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    Summary  

  The mishap of an instrument fracture is an inherent risk with endodontic 
treatment, which can be detrimental to the long-term success. A combina-
tion of torsional and cyclic fatigue is responsible for fi le fracture following 
excessive rotational bending or repeated torsion beyond the limits of 
recovery. Mechanisms of fracture, contributing factors, prognosis and 
management are discussed.  

    Clinical Relevance    

 A combination of factors including operator 
profi ciency; access cavity design; instrumenta-
tion technique employed; use of torque- 
controlled motors and rotational speeds 
employed; anatomy of the root canal including 
canal curvature position, length, radius and 
angle of curvature; number of instrument uses; 
and manufacturing process may all contribute 
to failure. Clinical methods employed to reduce 
this occasionally unforeseen circumstance are 
discussed. Where breakage occurs, the patient 
should be informed from the outset and due 
consideration given to whether the instrument 
should be removed or left in situ. Clinical meth-
ods of removal or bypassing are discussed 
including methods currently used in specialist 

practice. Managed correctly, the presence of a 
separated instrument should not adversely 
affect the outcome.  

11.1     Overview of Instrument 
Fracture 

 Endodontic fi le fracture has traditionally been 
considered an uncommon event; however, a 
recent perception of increased fracture incidence 
with rotary nickel-titanium (NiTi) instruments 
has emerged. It is mandatory that the patient be 
informed if instrument fracture occurs during 
treatment or if a fractured fi le is discovered dur-
ing a routine radiographic examination. When a 
fi le fractures during root canal treatment, there 
are several treatment options available to the cli-
nician. Fractured instruments are a defi nite hin-
drance to the goals of cleaning, shaping and 
fi lling of root canals, and therefore their presence 
can adversely affect endodontic treatment out-
come. The defi nitive management and decision 
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to remove a fractured fi le should be carefully 
weighed against the possible benefi ts of bypass-
ing or risks of fi le retention. Although modern 
techniques employed in endodontic practice have 
improved the clinician’s ability to remove frac-
tured fi les, removal may not always be possible 
or even desirable given the risks of further dam-
age. A plethora of different methods have been 
employed to remove fractured instruments, and 
although successful, these techniques usually 
require the use of the dental operating micro-
scope and specialist care. Removal of a fractured 
fi le is not without considerable risk, particularly 
in the narrow apical regions of the root canal, 
beyond the curvature of the canal. Attempts at 
removal may result in excessive enlargement of 
the canal and risk the possibility of perforation of 
the root. Therefore, leaving the fragment in situ 
should be considered if referral is not possible 
(Fig.  11.1 ).

   Within the endodontic literature, it appears 
that retained fractured instruments do not 
reduce the prognosis of endodontically treated 
teeth if apical periodontitis is absent. However, 
in cases where peri-radicular disease is pres-
ent, healing is likely to be signifi cantly com-
promised. The hindrance posed by the presence 
of an endodontic instrument is particularly evi-
dent in those cases where separation has 
occurred early before adequate canal disinfec-
tion has been achieved. Considering the risks 
associated with fi le removal, perhaps this 
should only be attempted if apical disease is 
present [ 1 – 3 ]. 

 The majority of endodontic instruments are 
made of stainless steel, nickel-titanium (NiTi) 
alloy or carbon-steel under ISO/ANSI specifi ca-
tions [ 4 ,  5 ]. Fractured root canal instruments may 
include endodontic fi les, fi nger spreaders, spiral 
fi llers and Gates Glidden burs. 

a

e

b

f

c

g

d

  Fig. 11.1    Clinical radiograph demonstrating various 
instrument fractures referred to specialist endodontic 
practice. Note ( a ) instrument inadvertently pushed beyond 
the confi nes of the canal after the general dental practitio-
ner attempted retrieval. ( b ) Two separated instruments 
were noted in the MB and DB canals ( green arrows ). The 
patient was a lawyer and had not been informed of the 

mishaps. ( c ) and ( d ) Instrument fractures present in the 
apical 1/3 of the canal system at and beyond the canal 
curvatures. ( e ) Separated Lentulo spiral fi ller likely due to 
minimal canal preparation prior to dressing the tooth. ( f ) 
A fractured rosehead bur. ( g ) Endodontically treated tooth 
with a separated stainless steel hand fi le in the MB canal       
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 Nickel-titanium was developed 40 years ago 
by Buehler and colleagues in the Naval Ordnance 
Laboratory [ 6 ]. Walia and associates fi rst pro-
posed the use and development of NiTi alloy for 
the fabrication of endodontic instruments due to 
their special characteristics of super elasticity 
and shape memory [ 7 ]. Super elasticity is associ-
ated with the occurrence of a phase transforma-
tion of the alloy upon the application of stress or 
temperature above a critical level. The low tem-
perature phase is called martensitic and the high 
temperature phase is known as austenitic. The 
stress-induced martensitic transformation 
reverses spontaneously upon release of the stress 
returning to its original shape and size. This spe-
cial property manifests as an enhanced elasticity 
of the NiTi alloy, allowing the material to recover 
after large strains. NiTi instruments appear highly 
fl exible and elastic, hence the possibility of use in 
a continuous rotary fashion even in a curved 
canal. Despite these advantages, unexpected 
instrument fracture is not uncommon and repre-
sents a major concern in clinical use. 

 Two distinct fracture mechanisms responsible 
for fi le separation, acting alone or in combina-
tion, have been described in the literature – 
namely, torsional stress and cyclic fatigue [ 8 – 10 ]. 
The twisting of a fi le about its longitudinal axis at 
one end whilst the other end is fi xed generates 
torsional stress. This can happen in straight or 
curved canals if the tip binds resulting in friction 
against the canal wall. When the elastic limit of 
the metal is exceeded, the rotary instrument 
undergoes plastic deformation (unwinding). The 
fi le will ultimately fracture if the load is suffi -
ciently high. Cyclic fatigue results in failure of 
the fi le when repeated cycles of tension and com-
pression occurring during bending are suffi cient 
to cause structural breakdown and eventual frac-
ture. Clinically, rotation of a fi le in a curved canal 
contributes to the tension/compression cycling as 
a fi le is rotating. In reality, both factors work 
together to weaken a rotary fi le and ultimately 
cause fi le fracture with little to no warning. 

 Many manufacturing design characteristics of 
rotary NiTi fi les can infl uence their resistance to 
fatigue and fracture. As a general rule, fi ne and 
fl exible fi les are vulnerable to torsional stress but 

more resistant to cyclic fatigue. Conversely rigid, 
larger fi les can have a greater torque applied 
without torsional failure and a greater propensity 
towards failure by cyclic fatigue. Conventional 
stainless steel K-fi les have a total cutting length 
of 16 mm and a standardized increase in diameter 
by 0.02 mm per millimetre. This increase in 
diameter is termed a taper of 2 %. For example, 
an instrument designated as size 25 is 25/100 
thick at the tip (0.25 mm). At the end of the cut-
ting edge, it is 16 × 0.02 mm = 0.32 mm thicker 
(i.e. 0.25 + 0.32 mm =0.57 mm). 6 % tapered 
NiTi instruments have less resistance to fracture 
compared to 4 and 2 % [ 11 ]. Moreover, an acute 
canal curvature coronally is more likely to lead to 
instrument fracture compared to a gradual apical 
curve. 

 It is well known that the nature of the alloy 
and the manufacturing process greatly affect the 
instruments’ mechanical behaviour. To improve 
fracture resistance of NiTi fi les, manufacturers 
have either introduced new alloys to manufacture 
NiTi fi les or developed new manufacturing pro-
cesses. M wire (used in Vortex Blue and 
WaveOne) has been developed by a series of pro-
prietary thermo-cycling processing procedures 
creating instruments that are more fl exible and 
more resistant to failure compared to traditional 
NiTi alloy [ 12 – 14 ]. Another novel approach has 
been the development of the Twisted File using a 
combination of heat treatment and twisting of a 
ground blank nickel- titanium wire. A raw nickel-
titanium wire is selected in its austenite crystal-
line structure, and then by means of heating and 
cooling procedures, a completely new crystalline 
phase (R phase) is created. The Twisted File is 
created by twisting the R phase wire into the 
desired shape, heating and cooling it to maintain 
the shape and then converting it back to its aus-
tenite crystalline structure. The instrument is 
deemed more resistant to cyclic fatigue, and the 
manufacturing process deems it less susceptible 
to microfracture points along the length of the fi le 
since it is not ground like conventional NiTi fi les 
[ 15 ,  16 ]. Recently, NiTi rotary instruments made 
from a NiTi-controlled memory wire (CM Wire; 
DS Dental, Johnson City, TN) have been intro-
duced. The major advantage of the Typhoon CM 
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File is that its shape memory has been removed 
or controlled by a special thermo-mechanical 
process. This unique fi le can be prebent or curved 
retaining its shape without any attempt at straight-
ening. In curved root canals, the instrument will 
follow the natural root canal anatomy without 
undue disproportionate lateral forces resulting in 
transportation and straightening. The Typhoon 
CM File has increased torsional strength and 
increased resistance to cyclic fatigue resulting in 
a fi le that is more likely to unwind as opposed to 
unexpected fracture [ 17 ,  18 ]. 

 Instrument fracture can be a serious iatrogenic 
mishap that can complicate or compromise the 
outcome of endodontic treatment. Several factors 
have been identifi ed in the literature, which may 
be responsible for the ultimate demise of an 
instrument and methods that can help prevent 
nickel-titanium rotary fracture (Table  11.1 ).

   Studies have demonstrated that higher rates of 
NiTi rotary instrument fracture occur with less 
experienced operators whose tactile sensation 
may not be adept at recognizing when a fi le may 
undergo excessive torsional resistance, taper lock 
and ultimately fracture. Preclinical training in 
extracted teeth or blocks and hands-on courses 
allows the clinician time to acquire the necessary 
competence, profi ciency and tactile skills 
required to avoid procedural mishaps. 
Examination of instruments prior to and after use 
is recommended whereby fl utes are inspected 
for deformities and signs of unwinding due to 

 excessive torsional stresses. Instruments should 
be used according to manufacturer’s instructions 
with appropriate torque settings and speed of 
rotations always avoiding the use of excessive 
forces, especially apical pressures [ 19 ,  20 ]. 

 Inappropriate and inadequate access cavity 
design features during preparation procedures 
will result in complications during the cleaning 
and shaping process. Ideal access preparations 
should ensure straight-line, unimpeded access to 
the root canal orifi ces with all obstructions such 
as dentine or calcifi cations having been removed. 
Ideally direct access to the apical portion of the 
canal or to the point of the fi rst curvature should 
be achieved avoiding overzealous preparation for 
fear of stripping or perforations. Endodontic 
instruments that are then passively introduced 
into the canal will follow the natural canal anat-
omy with less torsional and cyclic fatigue stresses 
on the instrument. Deviation from the original 
canal curvature, which can lead to procedural 
errors such as zipping, stripping and perforations, 
is also minimized. Correct access preparation and 
design is a crucial fi rst step before the introduc-
tion of instruments necessary to avoid cata-
strophic mishaps and fractures [ 21 ,  22 ]. 

 A smooth reproducible glide path extending 
from the canal orifi ce to the apex of the root in 
theory should be created before introducing NiTi 
rotary instruments into the canal. This can be 
achieved using either traditional stainless steel 
instruments or using the recently developed 
PathFile system (see Chap.   3    ). The premise is 
that unwanted anatomical interferences and canal 
obstructions are eliminated reducing the unex-
pected fi le separations during rotary preparation. 
The use of stainless steel instruments has the 
advantages of excellent tactile sensation espe-
cially with respect to torsional stresses and the 
enhanced ability to negotiate blockages and cal-
cifi cations often encountered in root canal sys-
tems. The use of rotary NiTi fi les for creating 
such a path has been found to cause less canal 
aberration and less modifi cation of the original 
canal anatomy in stimulated root canals [ 23 – 26 ]. 
The PathFile system consists of three instru-
ments, with 21–25–31 mm length and 0.02 taper; 
they have a square cross section. The PathFile #1 

   Table 11.1    Factors identifi ed that can either contribute 
towards or prevent instrument fracture   

 File fl exibility and taper 
 Manufacturing process 
 Operator profi ciency 
 Inappropriate access design 
 Reproducible glide path 
 Anatomical constraints 
 Angle of curvature and radius of curvature 
 Repeated use of instruments 
 Instrumentation technique and manipulation 
 Rotational speed 
 Use of torque-controlled motors 
 Use of irrigation and/or lubrication 
 Reciprocation vs. continuous rotation 
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(purple) has an ISO 13 tip size; the PathFile #2 
(white) has an ISO 16 tip size; the PathFile #3 
(yellow) has an ISO 19 tip size. The manufac-
turer suggests using the fi rst PathFile immedi-
ately after a #10 hand K-fi le has been used to 
scout the root canal to full working length. 

 Anatomical constraints and variation in root 
canal anatomy within a tooth increase the likeli-
hood of instrument fracture in certain cases. 
Hidden challenges such as merging canals, cur-
vatures (S shaped, abrupt angles of curvature, 
double curvature, abrupt radius of curvatures), 
dilacerating or dividing canals, isthmuses, fi ns 
and aberrations may all result in unexpected 
instrument fracture. The clinician must be aware 
that both the angle of curvature and radius of 
curvature in combination with instrument size 
selected will infl uence the possibility of failure. 
As the angle of curvature increases, there is an 
increased possibility of instrument fracture 
using larger less fl exible instruments. With 
regard to the radius of curvature as the radius 
decreases, the instrument stress and strain 
increases with the likelihood of instrument frac-
ture [ 9 ,  27 – 29 ]. 

 The repeated use of endodontic NiTi or stain-
less steel instruments results in a higher risk of 
failure and fracture compared to single-use 
instruments. The more cycles of rotation an end-
odontic instrument endures, the greater the work-
ing stress that is created within the fi le resulting 
in deformation and failure [ 9 ,  30 ,  31 ]. Recently, 
the emergence of variant Creutzfeldt–Jakob dis-
ease (vCJD) has highlighted issues regarding the 
decontamination protocols commonly used for 
reuse of surgical and dental instruments. The 
resistance of prion agents to inactivation and the 
notorious diffi culty associated with cleaning end-
odontic instruments has led to the emergence of 
single-use endodontic NiTi rotary instruments in 
recent times [ 32 – 35 ]. 

 Endodontic instruments have been designed 
with tips that are described as passive or active. 
An active instrument has non-landed active cut-
ting blades, which are effective at removing den-
tine. Passive instruments on the other hand have a 
radial land between cutting edge and fl ute, which 
reduces the cutting ability. In general, active 

instruments cut more effi ciently and aggressively 
compared to passive instruments, which have less 
tendency to straighten the canal that can result in 
transportation and ledges [ 36 ]. During instru-
mentation, the rotary fi le should always passively 
follow the canal pathway, and no attempt should 
be made to apply any apical pressure. The more 
apical pressure applied, the greater the risk that 
the NiTi instrument will encounter ‘taper lock’ 
undergoing structural fatigue and failure [ 10 ,  37 , 
 38 ]. The term ‘taper lock’ describes the situation 
when an instrument dimension closely approaches 
the canal’s size and taper. 

 The manufacturing process of NiTi instru-
ments during the machining and milling of the 
alloy during the production phase can lead to lat-
tice structure distortion, microhardness inconsis-
tency and surface microcracks. These could be 
the prelude to an imminent, further deterioration 
of the instrument and could explain the reported 
increased breakage of these instruments under 
normal operative conditions [ 39 ,  40 ]. 

 Rotational speed of the instrument has been 
cited as a cause of fatigue fracture of NiTi instru-
ments and that this is less likely to occur with 
lower rates of speed [ 41 ,  42 ]. Manufacturers 
advocate predetermined rotational speeds accord-
ing to the instrument selected for use, and clini-
cians are recommended to adhere to these 
guidelines to minimize the risk of instrument 
fracture accordingly. 

 Torque-controlled motors were introduced 
with a built in feedback mechanism that limits 
the maximum torque delivered to a handpiece to 
reduce the risk of torsional fatigue of an end-
odontic NiTi instrument. Instruments will show 
differing torsional strengths according to fi le 
geometry (cross-sectional shape and area). Once 
the preset torque (preprogrammed into the cir-
cuitry of the machine according to manufactur-
er’s recommendations) is reached, the motor 
either stops or automatically reverses. This is to 
prevent excessive build up of stress in the instru-
ment whereby limiting the applied torque to 
below the ultimate strength of the material reduc-
ing the risk of torsional failure. Note frequent 
engagement of the autoreverse function also car-
ries a risk of torsional fatigue of the instrument. 
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The use of such motors has been demonstrated to 
be benefi cial in canals with limited accessibility 
[ 19 ,  38 ,  43 ,  44 ]. 

 The use of irrigation and lubrication during 
the cleaning and shaping procedures has been 
shown to reduce root canal clogging of dentinal 
mud, bacteria and inorganic debris that can accu-
mulate as a result. Irrigant and lubricant use has 
been shown to act synergistically to reduce fric-
tional resistance and undue torsional stresses 
placed on the instrument reducing the likelihood 
of torsional failure. Canals should be copiously 
irrigated using sodium hypochlorite solution, and 
lubricants such as ethylenediaminetetraacetic 
acid (EDTA) can be used as adjuncts during the 
preparation phase [ 45 ,  46 ]. 

 Rotary instrument manipulation has been 
shown to be one of the most important factors 
contributing to instrument fatigue and failure. 
Instruments should be used in a smooth, light 
apical motion and continuous pecking motion 
without allowing the instrument to rotate in any 
one particular area for an extending period 
of time. It has also been shown that as the length 
of this pecking motion increased, the number of 
rotations to fracture also increased [ 11 ,  37 ,  47 ]. 

 NiTi root canal instruments have been tradi-
tionally used in a continuous clockwise rotation 
within the tooth overlaying a preparatory shape 
on the original anatomy of the root canal. Two 
single fi le systems – RECIPROC (VDW, Munich, 
Germany) and WaveOne (Dentsply Maillefer, 
Ballaigues, Switzerland) – have been recently 
introduced following a new reciprocating con-
cept. The reciprocating sequence consists of a 
counterclockwise movement and a clockwise 
movement to prepare the root canal system 
achieving adequate shapes with effi cient cleaning 
ability [ 48 ]. The reciprocating motion of the fi le 
theoretically reduces the cyclic fatigue placed on 
the instrument, thereby reducing the propensity 
to separate and increasing the lifespan of the 
instrument. Theoretically, this ‘balanced force’ 
type of technique also allows for more centred 
canal preparations which are helpful when man-
aging curved canal systems where repeated com-
pression and fl exion can lead to instrument 
fracture [ 49 – 53 ].  

11.2     Outcome and Prognosis 

 The impact of a retained fractured instrument on 
endodontic treatment prognosis has been 
assessed by two retrospective case control stud-
ies. The conclusion drawn from both studies 
was that a retained fractured instrument per se 
generally did not adversely affect endodontic 
case prognosis. In addition, the presence of a 
preoperative radiolucency was signifi cantly 
associated with a reduced chance of healing [ 54 , 
 55 ]. On the basis of the current best available 
evidence, the prognosis for endodontic treat-
ment when a fractured instrument fragment is 
left within the root canal is not signifi cantly 
reduced [ 56 ]. The success of removing a frac-
tured instrument is closely related to whether 
the fragment can be visible using a dental oper-
ating microscope. In those cases where the frag-
ment is not visible, the probability of successful 
removal is reduced signifi cantly [ 57 ]. 

 Several methods have been proposed for the 
removal of fractured instruments within the root 
canal system with varying limitations and suc-
cess. Techniques include the use of the Masserann 
Kit [ 58 ], Endo Extractor [ 59 ], Canal Finder 
System [ 60 ], ultrasonic devices [ 61 – 63 ], staging 
platforms [ 64 ] and the Instrument Removal 
System (IRS) [ 65 ]. The inherent problems asso-
ciated with all these devices include the risk of 
excessive removal of root canal dentine, ledging, 
perforation, limited application in narrow and 
curved canals and the possibility of extrusion of 
the separated instrument through the apex [ 60 , 
 62 ,  66 ] (see fi g.  11.1 ). 

 Successful removal of any retained fragment 
is dependant on factors such as the position of the 
instrument in relation to canal curvature, depth 
within the canal (apical, middle or coronal) 
(Fig.  11.2 ), whether the instrument is visible 
using the dental operating microscope and type 
of instrument that has separated (NiTi or stainless 
steel fi les). The more apically positioned the 
instrument, the greater the risk of iatrogenic dam-
age, including root perforation or fracture. 
Conservation of root dentine is paramount to 
long-term longevity of the tooth, and this must be 
balanced against the proviso of straight-line 
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access necessary to visualize the instrument. In 
some cases, it would be advisable to consider 
leaving the instrument in situ especially if the 
instrument can be bypassed or the instrument is 
at or beyond the curvature where visibility is less 
than ideal or not possible [ 67 ].

   Another consideration when determining 
whether to bypass/leave a separated instrument 
as opposed to removal is when instrument break-
age has occurred. Early instrument breakage 
increases the likelihood of inadequate chemome-
chanical canal enlargement, debridement and 
ineffective microbial load reduction. If the instru-
ment cannot be bypassed and then provided, it is 
not at the apex or beyond the curvature instru-
ment removal could be recommended, particu-
larly if a peri-radicular preoperative radiolucent 
lesion is present. 

 Careful adherence to recommended princi-
ples when using rotary NiTi instrumentation 
would minimize the unfortunate occurrence of 
instrument fracture. Where instrument fracture 
has occurred, the patient should be informed, 
and appropriate referral sought to an endodon-
tist for case assessment. The decision to bypass 
or leave the instrument in situ must be weighed 
up with the benefi ts of removal. Intraoperative 
factors such as timing of separation, type of 
instrument fractured, length of instrument frac-
ture, position of fractured instrument (apical, 
middle and coronal), level of apical curvature in 
relation to fractured instrument, presence or 
absence of apical periodontitis, possibility of 
merged canals, residual dentine thickness and 
visibility must all be considered before making 
a decision.  

  Fig. 11.2    Diagrammatic representation of location of 
instrument and ease of removal. Note ( a ) coronal frag-
ment, ( b ) middle 1/3 and ( c ) apical at level of curvature. 

( d ) Presence of an instrument beyond the curvature where 
retrieval attempt is the most diffi cult and adverse risk is 
greatest       
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11.3     Retrieval Methods 

  Manual Retrieval Techniques  
 The use of hand fi les (usually Hedstrom fi les), 

excavators and various gripping devices such as a 
fi ne haemostat or Stieglitz forceps has been advo-
cated for the removal of separated instruments. 
Hedstrom fi les can be inserted to varying depths 
within the root canal system, whereas the other 
instruments are only useful when the metal object 
requiring removal extends into the pulp chamber. 
The use of these instruments is only benefi cial 
when attempting removal of silver points or 
metal objects that are not bound within the root 
canal and easily accessible from within the pulp 
chamber itself (see chapter). 

  The Masserann Kit  
 The Masserann Kit (Micro-Mega, Besancon, 

France) has been used for removal of broken 
metal objects in the root canal including sepa-
rated endodontic fi les. The technique requires 
removal of excessive amounts of dentine in order 
to accommodate the various trephines used to 
expose the metal fragment. This method is not 
suitable in narrow and curved canals where there 
is an increased risk of perforation. The kit is ideal 
for fragments located in the coronal aspect of the 
root canal where the trephine drill is least likely 
to result in perforation of the root. The trephine 
drill is used to expose and accommodate the 
metal object in its centre whilst cutting a circum-
ferential trough around the object. The smallest 
tubular extractors have diameters of about 1.20 
and 1.50 mm, which limit their safe use to gener-
ally larger canals in the anterior teeth. 

  The Canal Finder System  
 This system connects to an air motor provid-

ing a simultaneous watch winding and reciproca-
tion movement. The amplitude of reciprocal 
movement is up to 1 mm and increasing the speed 
decreases the amplitude of motion. The system 
has been used to bypass and remove fractured 
instruments within the root canal with varying 
degrees of success. 

  Cancellier Kit  
 The Cancellier Extractor Kit (SybronEndo; 

Orange, California) contains four different-sized 
microtubes with diameters of approximately 

0.50, 0.60, 0.70 and 0.80 mm. An ultrasonic 
instrument is typically used to trephine around 
and expose the coronal 3 mm of an obstruction 
allowing the internal diameter of the microtube to 
fi t over the coronally exposed obstruction. The 
pre-fi t microtube may now be bonded onto the 
obstruction with an adhesive, such as cyanoac-
rylic glue. This removal method is effective for 
retrieving a non-fl uted broken instrument or 
when there is diffi culty retrieving a separated fi le 
that is already loose within the root canal. Caution 
should be exercised to not use too much adhesive, 
which could inadvertently block a canal. 

  Instrument Retrieval System (IRS)  
 The Instrument Removal System (IRS) is a 

mechanical method for the removal of intra-
canal obstructions such as silver points, carrier-
based obturators or broken endodontic fi les. The 
IRS is indicated for the removal of broken 
instruments that are lodged in the straight por-
tions of the root or partially around the canal 
curvature. Three instruments with diameters 
ranging from 0.60 (yellow), 0.80 (red) and 
1.00 mm (black) are available comprising of a 
microtube and screw wedge. Each microtube 
has a small-sized plastic handle to enhance 
vision during placement, a side window to 
improve mechanics and a 45° bevelled end to 
“scoop up” the coronal end of a broken instru-
ment. The clinician must utilize ultrasonic 
instrumentation to circumferentially expose 
2–3 mm of the separated fi le. An IRS microtube 
is then selected that can passively slide through 
the pre-enlarged canal and drop over the exposed 
broken instrument. Once the microtube has been 
positioned, the same colour-coded screw wedge 
is inserted and slid internally through the micro-
tube’s length until it contacts the obstruction. 
The obstruction is engaged by gently turning the 
screw wedge handle counterclockwise (CCW). 
A few degrees of rotation will serve to tighten, 
wedge and, oftentimes, displace the head of the 
obstruction through the microtube window. If 
any given colour-coded screw wedge is unable 
to achieve a strong hold on the obstruction, then 
another colour-coded screw wedge may be cho-
sen to improve engagement and successful 
removal. 

B. Patel



267

  Ultrasonics  
 The most widely used device to remove a bro-

ken instrument is to utilize piezoelectric ultra-
sonic technology and specifi c ultrasonic 
instruments. An ultrasonic unit should be set 
within the lower power settings, and ultrasonic 
instruments should have a contra-angled design 
to provide good access and visualization when 
using the dental operating microscope. Various 
working tips and dimensions are available and 
selected whereby the length of the ultrasonic 
instrument will reach the broken obstruction and 
its diameter will passively fi t affording a favour-
able line of sight within the canal. Troughing tips 
such as diamond-coated CPR 3D (15 mm), 4D 
(20 mm) and 5D (25 mm) (Spartan CPR instru-
ments, Fenton, Missouri), BUC3 (Spartan instru-
ments) and titanium CPR 6 (red 20 mm), CPR 7 
(blue 24 mm) and CPR 8 (green 27 mm) are rec-
ommended. CPR 3D–5D are active along the 
sides of the instrument, whereas CPR 6–8 are end 
cutting and only active at the tips. 

 To facilitate this straight-line access to the 
head of the broken instrument, preparation of a 
‘staging platform’ may be necessary. The tip of 
this ultrasonic instrument is placed in close con-
tact against the obstruction and typically acti-
vated within the lower power settings. The 
clinician should always work at the lowest power 
setting that will allow for effi ciency and safety 
without the risk of further mishap. The main risks 
when using ultrasonic instruments deep in the 
canal are excessive heat generation leading to 
damage to the attachment apparatus, guttering of 
root dentine resulting in an increased perforation 
risk and further separation of the fragment reduc-
ing the possibility of retrieval or ultimately frac-
ture of the ultrasonic instrument itself. Ultrasonic 
preparation below the orifi ce is conducted dry so 
the clinician has constant visualization of the 
energized tip against the broken instrument. 
Ultrasonic tips have been manufactured with a 
coating of zirconium nitride (ProUltra ultrasonic 
instruments; Dentsply, Tulsa, Oklahoma) specifi -
cally to function dry. To maintain vision, the den-
tal assistant can direct a continuous stream of air 
to blow out dentinal dust and use irrigation from 
time to time. Irrigation not only allows removal 

of dentine dust that is created thereby improving 
visibility but also ensures that any potential heat 
that is generated is dissipated preventing any 
harmful effects to the surrounding attachment 
apparatus. 

 The selected ultrasonic instrument is moved 
lightly, in a CCW direction, around the obstruc-
tion creating a trough and space. This ultrasonic 
action aims to precisely peel away dentine, 
exposing the coronal few millimetres of the 
obstruction safely. 

 During ultrasonic use, the obstruction should 
begin to loosen, unwind and then eventually spin 
within the root canal. Gently wedging the ener-
gized tip between the tapered fi le and canal wall 
will often cause the broken instrument to abruptly 
“jump out” of the canal. In other instances, the 
exposed broken instrument can be ‘grabbed’ and 
pulled out using one of the currently available 
extraction devices discussed earlier.  

11.4     Guidelines for Removing 
a Separated Instrument 

 Removal of a separated instrument from the root 
canal is a demanding task that requires time, 
manual skills and suitable equipment irrespective 
of which third of the canal the separation has 
occurred. The knowledge of root canal anatomy 
and the use of a dental operating microscope to 
ensure visualization are a prerequisite before 
considering such a task. Some general recom-
mendations are given:

    1.    Establish and confi rm the location of the 
instrument fragment radiographically and 
clinically by tactile sensation. If the frag-
ment is at or beyond the level of the curva-
ture, then retrieval is less predictable.   

   2.    Consider the timing of instrument fracture. 
The earlier the instrument fractured, the less 
likely adequate debridement has taken place 
and the more likely it will be a problem.   

   3.    Consider the presence of a preoperative 
radiolucency, which may compromise long- 
term prognosis particularly if a separated 
instrument is present.   
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   4.    Initially an attempt should be made to try 
and bypass the instrument using small man-
ual K-fi le instruments. The majority of root 
canals are elliptical so when an instrument is 
lodged it may be feasible to bypass. In some 
cases where apical confl uence exists, it may 
be possible to bypass the instrument utilizing 
the other canal. No attempt should be made 
to try and prepare a bypassed instrument 
using rotary instrumentation. Occasionally 
when the bypassed instrument is prepared 
with larger fi le sizes, the instrument can be 
loosened or dislodged with further 
ultrasonics.   

   5.    If bypass is not possible and there is likeli-
hood that the presence of the instrument will 
jeopardize the prognosis of the case (due 
consideration to points 1–3 taken into 
account), then it may be worthwhile consid-
ering appropriate referral.   

   6.    Straight-line access to the coronal end of the 
fragment is important to ensure safe trough-
ing of dentine as possible avoiding the cre-
ation of any zipping, transportation and 
perforation. A ‘staging platform’ to create 
straight-line access is created with either 
modifi ed Gates Glidden (GG) drills or 
LightSpeed instruments. Careful attention to 
the anatomy of the root must be made since 
there is high risk of root perforation and a 
microscope is a prerequisite before any pre- 
enlargement. Selecting an appropriate-sized 
GG drill whose maximum cross-sectional 
diameter is slightly larger than the visualized 
instrument creates the staging platform. The 
GG sizes 1–4 are most typically employed in 
furcated teeth and have maximum diameters 
of 0.50, 0.70, 0.90 and 1.10 mm. Cutting it 
perpendicular to its long axis at its maximum 
cross-sectional diameter alters the tip of the 
GG drill. This modifi ed GG is carried into 
the pre-enlarged canal, rotated at a reduced 
speed of approximately 300 RPM and 
directed apically until it lightly contacts the 
most coronal aspect of the obstruction. This 
clinical step creates a small staging platform, 
which facilitates the introduction of an ultra-
sonic instrument. If properly performed, 

straight-line coronal and radicular access, in 
conjunction with magnifi cation and lighting, 
should enable the clinician to fully visualize 
the most coronal aspect of a broken instru-
ment. To facilitate excellent vision to the 
intra-radicular obstruction, the canal should 
be vigorously fl ushed and thoroughly dried 
prior to beginning ultrasonic procedures. 
Note the GG drill should only be used in the 
straight portion of the canal and no attempts 
made to attempt any negotiation of canal 
curvatures (Fig.  11.3 ).

       7.    Prior to performing any radicular instrument 
removal techniques, it is wise to place cotton 
pellets over other exposed orifi ces, if present, 
to prevent the nuisance re-entry of the frag-
ment into another canal system during the 
removal process.   

  8.    Appropriate ultrasonic instrumentation is car-
ried out to create a trough of 2–3 mm deep 
around the coronal fragment circumferen-
tially. Troughing tips are selected according to 
location of the fragment, and the process is 
carried out in a controlled and predictable 
manner with the aid of illumination and appro-
priate magnifi cation. Care must be taken when 
using titanium alloy ultrasonic instruments 
such as CPR 6–8, which are slender, long and 
parallel sided enabling cutting at the tip. 
Although extremely fl exible, the tip of the 
instrument can be prone to breakage if too 
much force is applied or the power setting is 
too high. Extreme caution should be exercised 
when using these instruments and a light touch 
(similar to using a lead pencil) is advocated. 
The tips are moved counterclockwise around 
the fractured instrument to disengage it from 
the surrounding dentine. The process of den-
tine removal is carried out slowly and care-
fully ensuring intermittent water and air 
coolant use. Occasionally the application of a 
second diamond-coated CPR 5D tip can be 
activated once in contact the metal fragment 
only. Care must be taken when this tip is used 
near dentine since it is very aggressive. The 
application of two different types of metal tips 
at two different frequencies can produce an 
effect whereby the metal fragment can bounce 
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within the canal more coronally. A stainless 
steel metal fragment will absorb the ultrasonic 
energy bodily showing movement earlier on. 
A nickel- titanium fi le on the other hand will 
absorb the energy at the tip at point of contact, 
which can result in the fragment getting 
smaller as the fl utes are worn away. It is there-
fore important to not touch the fragment as 
much as possible, and any ultrasonic energy 
that is applied is relayed through the surround-
ing dentine ensuring the whole fi le fragment 
can be removed (Fig.  11.3 ).   

   9.    When the fragment shows movement, a 
small 06 or 08 K-fi le can be used to try and 
bypass the loose piece. Once bypassed, you 
have regained the lost canal space on initial 
separation. Larger fi le diameters should be 
gradually bypassed further opening canal 
space around the instrument. Further ultra-
sonic instrumentation will help to jar the 

instrument causing further bouncing more 
coronally. It is important to remember that 
once bypassed this apical patency beyond the 
separated fragment should be maintained. It 
is very easy to push the loosened fragment 
further apically particularly if larger K-fi les 
are advanced in succession too quickly.   

   10.    It is ill advised to pass another rotary 
instrument alongside the separated frag-
ment if it has not been removed. 
Introduction of a Hedstrom fi le may be 
possible to try and further engage the loose 
fragment to allow removal. If the fragment 
lies in the coronal or middle 1/3, it may be 
possible to use one of the retrieval meth-
ods discussed earlier.   

   11.    Attempts at removal of an instrument beyond 
the apical curvature are high risk and proba-
bly futile. The amount of dentine that can be 
safely removed is minimal and the risk of 

a b c

d e f

  Fig. 11.3    Clinical diagrams representing removal of a 
separated instrument. Note ( a ) preoperative view demon-
strating presence of separated fi le in the middle 1/3 of the 
mesial root. ( b ) and ( c ) First step is to remove all coronal 
interferences and ensure straight-line access is present. 

( d ) A modifi ed gates glidden drill is used to create a stag-
ing platform. ( e ) Ultrasonics are used to carefully trephine 
around the fi le. ( f ) Removal of the loosened fi le can be 
carried out using appropriate retrieval technique of choice       
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perforation is high. Remember not all cases 
result in retrieval. Occasionally if the instru-
ment has been successfully bypassed, then 
canal shaping and sealing the fragment in 
place may be successful.   

   12.    Should retrieval attempts prove unsuccessful 
without any further compromise to the tooth 
and symptomology continues, then alterna-
tive treatment options such as apical surgery, 
intentional reimplantation or extraction 
should be considered.   

   13.    The patient must always be informed of the 
presence of any instrument fracture and the 
potential risks outlined prior to considering 
retrieval. Treatment objectives should be 
aimed at conserving as much tooth as possi-
ble. The ability to access and remove a bro-
ken instrument will be infl uenced by the 
cross sectional diameter, length and curva-
ture of the canal. As a rule of thumb if the 
separated instrument cannot be visualized it 
will be highly unlikely to be retrieved. 
Furthermore retrieval attempts of any such 
obstruction will increase the chances of iat-
rogenic complications such as root perfora-
tion further compromising the outcome.      

11.5     Clinical Cases 

  Case 1: Bypassing a Separated Instrument     A 
fi t and healthy 29-year-old patient was referred 
for endodontic retreatment of tooth 16. The gen-
eral dental practitioner noted a separated stain-
less steel K-fi le was present in the mesiobuccal 
root. Clinical examination revealed the tooth was 
asymptomatic. Radiographic fi ndings confi rmed 
previous endodontic treatment with scantily con-
densed root fi llings short of respective apices. A 
separated instrument was confi rmed in the apical 
1/3 of the MB root beyond the curvature. An 
extensive peri-radicular radiolucency was seen. 
The tooth was dismantled, restorability assessed 
and deemed suitable for cast restoration post 
treatment. Previous root fi llings were removed 
using mechanical and chemical means (Hedstrom 
fi les and chloroform wicking). Patency was 
gained in the DB and P canals. The MB1 canal 
was blocked and the instrument could not be 

bypassed. Ultrasonic troughing was carried out 
mesially to reveal additional untreated MB2 and 
MB3 canals. MB1, MB2 and MB3 canals all 
merged at the peri- apex. Chemomechanical prep-
aration was completed using stainless steel hand 
fi les with a 0.5 mm step-back increment using 
sodium hypochlorite 2.5 % solution. An intra-
canal dressing of calcium hydroxide was placed 
for 4 weeks. The fi ve canals were obturated using 
cold lateral compaction apically and warm lateral 
compaction using ZnOE sealer (Roth cement). 
The tooth was restored with an amalgam Nayyar 
core. This case demonstrates the complexity of 
assessing each case individually, and the decision 
to remove, leave and bypass an instrument not 
only depends on the location of the instrument 
but also additional factors. In this case, the pres-
ence of extra canals allowed chemical disinfec-
tion to be carried out in the apical 1/3 of the 
mesial root increasing the probability of success. 
Removal of the instrument would have risked 
perforation, and apicectomy would have been the 
only option if healing was not evident (Fig.  11.4 ).

     Case 2: Leaving a Separated Instrument in 
Situ     A 46-year-old gentleman was referred to 
specialist practice for the management of a sepa-
rated instrument in the apical 1/3 of the mesio-
buccal root of the tooth 46 (Fig.  11.5 ). The 
general dental practitioner had attempted root 
canal treatment through the existing cast restora-
tion and had fractured a 25/06 nickel- titanium 
rotary instrument during chemomechanical prep-
aration. The patient was asymptomatic at clinical 
examination. Radiographic examination con-
fi rmed the presence of a separated instrument in 
the apical 1/3 beyond the curvature in the mesio-
buccal root. Access preparation confi rmed the 
presence of the instrument, which could not be 
bypassed. The instrument could not be visualized 
under the dental operating microscope, and so 
there was no indication to carry out any staging 
platform procedures. The risk of perforation was 
deemed high. Since the patient was asymptom-
atic, a decision was made to leave the instrument 
in situ knowing that many further problems 
would require either surgical apicectomy or 
extraction. Chemomechanical preparation was 
completed, and an intra-canal dressing of 
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calcium hydroxide was placed for 3 months. The 
patient remained asymptomatic and was keen to 
retain the tooth at the review appointment. 
Obturation of the case was completed using a 
warm vertical compaction technique using AH 
plus cement. The tooth was temporized accord-
ingly and returned to the general dental practitio-
ner for permanent coronal core restoration.

     Case 3: Removal of a Separated Instrument in 
the Coronal 1/3 rd      A 56-year-old patient was 
referred to specialist practice for the management 
of tooth 26. A separated instrument (endodontic 
explorer) was present in the palatal canal and so 
prevented canal preparation (Fig.  11.6 ). Clinical 
radiographs confi rmed a radiopaque tapered 
object in the palatal canal. A peri-radicular 

 radiolucency was associated with the palatal root. 
Access was refi ned and the instrument verifi ed 
clinically. Using the operating dental microscope, 
the instrument could be fully visualized. Careful 
ultrasonic troughing was performed circumferen-
tially around the instrument resulting in its 
removal.

     Case 4: Removal of Separated Lentulo Spiral 
Filler     A 30-year-old female patient was referred 
for endodontic management of tooth 14. The 
patient had recently experienced severe pain and 
discomfort with the tooth prompting her to seek 
dental treatment. Her general dental practitioner 
had carried out an emergency pulp extirpation 
with minimal mechanical preparation. During 
placement of an inter-appointment dressing, a 

  Fig. 11.4    Clinical radiographs demonstrating endodontic 
re-treatment and bypassing of a separated instrument in 
tooth 16. Note ( a ) preoperative view of tooth 16 showing 
an extensive periradicular radiolucency associated with 
the periapex of tooth 16. A separated stainless steel K-fi le 
was noted in MB1 in the apical 1/3 beyond the curvature. 
( b ) Removal of previous gutta-percha root fi lling material, 
apical patency in P and DB canals and ultrasonic trough-

ing mesially to confi rm additional MB2 and MB3. Note 
MB1, MB2 and MB3 were confl uent in the apical 1/3. The 
MB1 instrument could not be removed or bypassed. A 
decision was made to leave the instrument in situ. ( c ) 
Master apical fi le radiograph of P, DB, MB1, MB2 and 
MB3 canals. ( d ) Mid-fi ll radiograph and ( e ) post-opera-
tive view following obturation and amalgam coronal 
restoration       
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  Fig. 11.5    Clinical radiographs demonstrating endodontic 
treatment of tooth 46 with a separated 25/06 NiTi instru-
ment in the mesiobuccal root. Note ( a ) preoperative treat-
ment confi rming radio-opaque dressing in the distal canal 
and separated instrument in the MB root. The instrument 
was in the apical 1/3 beyond the curvature. ( b ) Working 
length radiograph. Note the instrument in the MB root 
could not be visualized with the dental operating micro-
scope. Staging platform creation would have resulted in 
unnecessary coronal/middle 1/3 over- preparation with 

risk of perforation that could lead to early demise of the 
tooth. The patient remained asymptomatic despite instru-
ment fracture. ( c ) Completed obturation using warm verti-
cal compaction and AH Plus cement. The instrument that 
fractured was a fi nishing fi le and so much of the chemo-
mechanical disinfection has been completed prior to sepa-
ration. The patient understands that any future problems 
including persistence or enlargement of the periapical 
lesion will require a further surgical procedure or 
extraction       

a b c

d e

  Fig. 11.6    Clinical photographs and radiographs showing 
( a ) preoperative view with separated endodontic explorer 
in the palatal canal ( b ) and ( c ) microscopic views showing 

instrument at both low and high power (note space between 
the instrument and canal wall). ( d ) and ( e ) Removal of 
instrument following the use of ultrasonic instrumentation       
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#25 Lentulo spiral fi ller had fractured in the buc-
cal canal. Clinical examination revealed the tooth 
was slightly tender to percussion although most 
of her symptoms had improved. Radiographic 
examination confi rmed a Lentulo spiral fi ller that 
had separated. A peri-radicular radiolucency was 
noted at the peri-apex. Access cavity preparation 
was refi ned with care to avoid further fracture of 
the coronal segment of the instrument. The 
Lentulo spiral fi ller could be visualized in the 
coronal access chamber. Initially the palatal canal 
was instrumented and patency achieved. Small 
08 and 10 K-fi les were used to bypass the Lentulo 
spiral fi ller fragment in the buccal canal, and 
patency was achieved. Further instrument sizes 
#15 and greater could not negotiate to length. 

Ultrasonics was applied at a low power setting 
and the instrument was loosened. Stieglitz for-
ceps were used to grasp the end of the spiral fi ller 
fragment, and using an anticlockwise motion, the 
fragment was removed from the canal. 
Chemomechanical preparation was completed 
with no further complications (Fig.  11.7 ).

     Case 5: Removal of a Separated Instrument 
in the Apical 1/3 rd      During root canal treat-
ment, a 25/06 nickel-titanium rotary fi le sepa-
rated in the mesial root of tooth 46. The 
instrument had  separated at the apex of the 
mesiobuccal root. Following access cavity prep-
aration, the  instrument could be visualized using 

a b c

d

g

e f

  Fig. 11.7    Clinical radiographs and colour photographs 
demonstrating removal of a fractured Lentulo spiral fi ller 
in tooth 14. Note ( a ) preoperative view demonstrating 
separated instrument fragment. ( b ) View of instrument 
under the microscope. ( c ) and ( d ) Initial bypassing of 

instrument. ( e ) Working length radiograph confi rming 
removal of instrument. ( f ) Access cavity and B and P 
canals following canal preparation completion. ( g ) 
Separated instrument following removal       
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a dental operating microscope. A staging plat-
form was created using a modifi ed Gates 
Glidden drill with care to avoid overpreparation 
in the danger zones. K-fi les were used and the 
instrument could be bypassed. The distal canal 
and mesiolingual canal were temporarily sealed 
with cotton wool to avoid further instrument 
blockage should the instrument be removed. 
Ultrasonic troughing was carefully applied with 
minimal apical pressure circumferentially 
around the instrument. After 10 min of applica-
tion, the instrument could be seen to loosen 
eventually resulting in its removal. 
Chemomechanical preparation was completed 
and an intra-canal dressing of calcium hydrox-
ide placed for 7 days. The patient was seen for 

obturation of the canals prior to being sent back 
to his general dental practitioner for permanent 
coronal restoration placement (Fig.  11.8 ).

     Clinical Hints and Tips for Strategies Aimed to 

Reduce File Breakage 

•     Always create a glide path and ensure 
patency with small hand fi les (#10).  

•   Ensure straight-line access.  
•   Use a crown-down technique depending on 

the instrument system ensuring a torque- 
controlled electric motor at the recom-
mended manufacturer’s settings for that 
particular instrument is used.  

a b c

d e f

  Fig. 11.8    Clinical radiographs and photograph demon-
strating instrument removal in the apical 1/3 rd  of the 
mesio-buccal root of tooth 46. Note ( a ) pre-operative 
radiograph demonstrating instrument located in the apical 
1/3 rd  of the mesio-buccal root at the apex. Minimal curva-
ture was noted. ( b ) Intra-operative microscopic view. The 
distal and mesio-lingual canals were temporarily sealed 
with cotton wool ( red arrows ) to prevent the instrument 
accidentally falling into and causing further blockage. 
The instrument could be visualized. ( c ) Master apical fi le 
radiograph showing the instrument could be bypassed. ( d ) 

Following staging platform creation with a modifi ed gates 
glidden drill and careful ultrasonic application the instru-
ment was removed safely. ( e ) and ( f ) Completed obtura-
tion. Note over-preparation in the mesial root as a result of 
instrument removal techniques. Care must always be 
observed since overzealous preparation can result in root 
perforation and increased risk of root fracture in the long 
term. Instruments separated at the apex may also be inad-
vertently pushed beyond the confi nes of the canal requir-
ing a further surgical procedure       
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•   Avoid triggering the autoreverse mode by 
advancing the instrument slowly or switch-
ing to a high torque setting.  

•   Use a light touch only, never pushing hard 
on any instrument until resistance is met.  

•   Use a pecking motion with increments as 
large as possible depending on canal 
anatomy.  

•   Do not prepare root canals in a dry operat-
ing fi eld.  

•   Practice is key and attending workshops/
courses and utilizing extracted teeth and 
blocks will allow the operator to gain valu-
able tactile skills needed to prevent instru-
ment failure.  

•   Do not leave any rotary fi le in one place, 
particularly in curved canals.  

•   Examine the fi les and fl utes regularly dur-
ing use, preferably with magnifi cation. 
Evidence of unwinding of any instrument 
should alert the clinician to diffi cult anat-
omy and the fi le discarded immediately.  

•   Instrumentation of root canals should be a 
timely procedure with due care.  

•   Diffi cult canal anatomy should be recog-
nized early. Radius of curvatures and 
angles of curvatures should be predeter-
mined to alert the clinician to the possibil-
ity of an adverse outcome.  

•   Care should be excised in cases where con-
fl uent canals exist. Typically mesial roots 
of lower molars where an abrupt curvature 
due to confl uence will increase the risk of 
fi le separation.         
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      Iatrogenic Perforations                     

     Bobby     Patel    

    Summary  

  Root perforation may occur during endodontic procedures compromising 
both the tooth and periodontium and affecting the long-term prognosis. 
Crestal level perforations are diffi cult to manage due to proximity to the 
epithelial attachment resulting in infl ammation, bone resorption and 
necrosis. Management of root perforations is dependant on time of perfo-
ration to repair, location and size. Methods to treat perforations are out-
lined including the internal matrix concept and use of materials capable of 
inducing osteogenesis and cementogenesis where applicable.  

    Clinical Relevance    

 Accidental root perforations can occur due to 
a number of iatrogenic errors involving access 
preparation, canal identifi cation and location, 
during root canal instrumentation and post 
space preparation. Methods employed to 
avoid such errors and diagnosis and manage-
ment where present are discussed. Once a per-
foration has been confi rmed, appropriate 
management for immediate sealing including 
referral where necessary is a prerequisite to 
ensure success in the long term. In particular, 
crestal perforations and their intimate rela-
tionship with surrounding epithelial attach-
ment risk long-term unfavourable outcome if 
not managed in a timely and correct fashion.  

12.1     Overview of Root 
Perforations and Their 
Management 

 A root perforation is a mechanical or pathologic 
communication formed between the supporting 
periodontal apparatus of the tooth and the root 
canal system [ 1 – 3 ]. Perforations are caused by 
either iatrogenic (endodontic and restorative 
treatments) or pathological (root resorption) 
errors or caries [ 4 ]. 

 A study evaluating the aetiology and location 
of 55 root perforations seen in a dental school 
found that almost 50 % of the perforations were 
due to endodontic treatment and slightly more 
than 50 % were due to prosthodontic treatment. 
The maxillary canine tooth was the most fre-
quently perforated tooth, followed by the lateral 
incisor, premolars and fi rst molars. The anterior 
teeth resulted in buccal perforations due to 
access problems. In 53 % of cases reported, the 
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 perforation was a direct result of post space 
preparation [ 5 ]. 

 The prognostic factors that determine success 
of a perforation repair are the time interval 
between occurrence of perforation and its repair, 
the location of the perforation and the size. Time 
of occurrence is signifi cant in terms of risk of 
apical migration of the epithelium attachment 
resulting in a periodontal pocket and associated 
defect. The best time to repair a perforation to 
minimize emergence of an infection is immedi-
ately after occurrence [ 6 ]. The location of the 
perforation in terms of its position in relation to 
the level of epithelium attachment and crestal 
bone is critical to long-term success. The progno-
sis for cases where the perforation defect is near 
to this anatomical area is poor due to microbio-
logical contamination [ 6 ]. Furcal perforations, 
which are not treated immediately, can lead to 
persistent infl ammation, rapid periodontal break-
down and a permanent communication with the 
oral cavity [ 6 ]. Larger size perforations may not 
respond to repair as well compared to a smaller 
defects [ 7 ] (Fig.  12.1 ).

   The diagnosis of an iatrogenic root perfora-
tion is made by good vision and lightning (use of 
the dental operating microscope), radiographic 
assessment and use of electronic apex locators. 
Crown-root alignment should be evaluated par-
ticularly where a cast restoration has been placed. 
Radiographs to evaluate the size, shape and depth 
of the pulp chamber, relative to the furcal fl oor, 
are an essential preoperative prerequisite. The 
author recommends taking a parallel bitewing 

radiograph as well as a parallel periapical and a 
15° horizontal tube shift x-ray as part of the rou-
tine endodontic assessment of a case [ 8 – 11 ]. 
Cone beam CT radiography has been shown to 
have a higher sensitivity to detect strip perfora-
tions and root perforations after root canal treat-
ment in mandibular molar teeth [ 12 ]. 

 A narrow isolated periodontal defect may be a 
possible sign of periodontal breakdown as a 
result of a perforation and must be differentiated 
from the differential diagnosis of localized peri-
odontal disease and vertical root fracture [ 13 ]. 

 The fi rst step in managing non-surgical 
 orthograde root perforations is to control the 
haemorrhage at the site of the perforation using 
either pressure or irrigation. Care must be taken 
not to irrigate sodium hypochlorite solution 
through the perforation site into the surrounding 
tissues for risk of a hypochlorite accident [ 14 ]. 
An internal matrix technique using a resorbable 
matrix such as decalcifi ed freeze-dried bone, 
hydroxyapatite and calcium sulfate and restor-
able collagen with MTA may be placed in which 
a sealing material can be condensed [ 7 ,  15 – 18 ]. 
Numerous sealing materials have been used over 
the years with varying degrees of success. Glass 
ionomer cement, resin-ionomers and mineral tri-
oxide aggregate depending on type of perforation 
(size and location) have been recommended and 
used with success [ 19 – 23 ]. 

 Indications for a surgical approach include 
large perforations, perforations as a result of 
resorption and failure of healing following a non- 
surgical orthograde approach [ 24 ]. Guided tissue 

a b c d

  Fig. 12.1    Representing different levels of perforation 
and their associated prognosis. ( a ) A lateral perforation 
coronal to the attachment level can be included in the res-
toration, and provided a seal is achievable should have no 
bearing on outcome. ( b ) and ( c ) Lateral perforations in the 
middle or apical portion of the root canal are treated like 

accessory anatomy, and provided a good endodontic seal 
is achievable, then this should have no bearing on progno-
sis in the long term. ( d ) A lateral perforation at or just 
apical to the attachment level and furcal perforations have 
the least favourable prognosis       
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regeneration has been attempted in the manage-
ment of endodontic perforations with some suc-
cess in case reports by acting as barrier for apical 
epithelial migration [ 25 ]. 

 Perforation repairs can be performed with a 
high level of success, but long-term studies, ide-
ally prospective, are still lacking to evaluate their 
success [ 26 ].  

12.2     Classifi cation of Root 
Perforations 

 The following table is a classifi cation of root per-
forations which is based on the key prognostic 
factors that affects long-term outcome, namely, 
size and location of perforation and timeline from 
diagnosis to repair (Table  12.1 ).

12.3        Diagnosis of Root 
Perforations 

 Early recognition of a root perforation is crucial 
to the long-term prognosis. Sudden bleeding or 
pain during instrumentation of the root canals or 
post space preparation in the teeth is an important 
sign that should alert the clinician to the possibil-
ity of an iatrogenic error resulting in a perfora-
tion. The presence of blood on paper points, 
particularly on the coronal or middle 1/3, may 
also be indicative of such a mishap. One must be 
aware that over-instrumentation beyond the api-
cal foramina or remaining pulp tissue remnants 
within the canal system can also result in evi-
dence of blood on a paper points. 

 A more reliable method is to use an electronic 
apex locator (EAL). The working length should 
always be verifi ed with an EAL, and a premature 
reading signifi cantly shorter than the estimated 
length in combination with profuse bleeding is 
often a good indicator of the presence of a 
perforation. 

 The diagnostic value of a radiograph can be 
useful when a fi le is placed to this level often 
demonstrating that the fi le is misplaced beyond 
the confi nes of the canal into the periodontal 
 tissues. If the perforation is either buccal or lin-

gual, then the diagnostic yield of the radiograph 
is limited. 

 The use of a dental operating microscope is 
another effective tool in the detection of perfora-
tions and management thereafter. High magnifi -
cation combined with illumination will often 
allow direct unimpeded visualization of the per-
foration within the straight portion of the root 
canal. 

 If a perforation has been present for some time 
and there has been communication with the per-
foration site and attachment level at crestal bone 

   Table 12.1    Root perforation classifi cation and prognosis 
according to type   

 (i)  Fresh perforation  
 Perforation that has occurred and treated at the same 
time under aseptic conditions. The prognosis should be 
favourable 
 (ii)  Old perforation  
 Previously not treated with likely bacterial infection. 
The prognosis is questionable depending on apical 
migration of epithelium as a result of chronic 
infl ammation/presence of narrow probing profi le 
 (iii)  Small perforation  
 A perforation whose diameter is smaller than a #20 
endodontic instrument. Mechanical damage to adjacent 
tissue is minimal and the opportunity to seal is easy. 
The prognosis is good 
 (iv)  Large perforation  
 This type of perforation may occur during post 
preparation, during access preparation or as a result of 
over-instrumentation/strip perforation resulting in 
signifi cant tissue damage and diffi culty in providing an 
adequate seal. The prognosis is deemed questionable 
 (v)  Coronal perforation  
 A perforation that is coronal to the level of the crestal 
bone and epithelial attachment with minimal damage to 
the adjacent supporting tissues. The ability to seal in 
terms of access to the perforation site is good. The 
prognosis is good 
 (vi)  Crestal perforation  
 The perforation is at the level of the epithelial 
attachment into the crestal bone. The prognosis is 
questionable 
 (vii)  Apical perforation  
 The perforation site is apical to the crestal bone and 
epithelial attachment. The prognosis should be good 
provided the perforation site remains aseptic with no 
microbial contamination. The prognosis should be good 
provided no orthograde root fi lling material is extruded 
through this artifi cial anatomy 

   Adapted from Fuss and Trope 1996 [ 3 ]  
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level, then a narrow probing profi le may be 
detected in this area. The ingress of bacteria 
within this communication will result in further 
apical migration of epithelial attachment result-
ing in a narrow pocket depth.  

12.4     Iatrogenic Causes of Root 
Perforation 

  Access preparation  
 A well-designed and executed access cavity is 

an essential objective whereby straight-line 
access is gained to the root canal system without 
overzealous tooth removal thereby preserving the 
overall integrity of the tooth (Fig.  12.2 ).

   Due consideration should be given to the ori-
entation of the tooth in question and in particular 
any deviation of the crown and root along the 
long axis of the tooth. This can typically occur in 
cases where a crown has been placed or where 
the tooth is dilacerated, rotated or imbricated 
(Fig.  12.3 ).

   Furcation perforations occurring typically in 
the fl oor of the posterior molar teeth usually 
occur during access preparation when due care 
has not been given to the level of the furcation 
relative to the crown. A preoperative bitewing 
radiograph will give the clinician an excellent 
idea as to the approximate depth to the pulp 
chamber. Digital radiographic systems allow 
for manipulation of the image taken and 

a b

c d

  Fig. 12.2    Clinical photograph demonstrating ( a ) and ( b ) 
straight-line access and retention of as much tooth struc-
ture as possible and ( c ) and ( d ) inappropriate access prep-

aration resulting in over-preparation and risk of perforation 
( dotted area )       
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 measurements to be made. Provided the bitewing 
is a parallel image with minimal distortion, then 
the measurement should be fairly accurate. 

  Canal identifi cation  
 Canal identifi cation can be problematic in 

those cases where obvious calcifi cation has 
occurred in the coronal pulp chamber resulting in 
iatrogenic perforations. 

 Chronic insults whereby reparative dentine is 
laid down will result in sclerosed canals and 
diminished pulp chambers. Anatomical features 
pertinent to the tooth in question as well as preop-
erative radiographs will alert the clinician to the 
expected number of root canals and their likely 
position. Once an initial access preparation has 
been made, the individual canals can be located 
usually following the ‘road map’ of root canal 
anatomy which is darker compared to the whiter 
axial walls. Pulp chamber calcifi cations can often 
be observed using a dental operating microscope 
and illumination highlighting the colour difference 
between surrounding anatomies. Ultrasonic tips 
are often useful when removing small amount of 
dentine in search of canal orifi ces. No burs should 
be used to gouge the fl oor of the pulp chamber and 
risk perforation. 

  Canal preparation  
 The advent of nickel titanium rotary instru-

mentation techniques means the ideal canal shape 

should be a continuously tapered preparation, 
maintaining canal anatomy and keeping the api-
cal foramen as small as possible. The clinician 
should bear in mind the danger zones in relation 
to root canal anatomy and care during prepara-
tion procedures to ensure no strip perforation 
occurs due to overzealous instrumentation 
(Fig.  12.4 ).

   Incautious preparations without taking into 
account the original anatomy and overzealous 
use of either rotary instruments or large tapered 
Gates Glidden burs can result in apical or crestal 
strip perforations. Large infl exible instruments 
used in curvatures can also result in zipping of 
the canal anatomy leading to perforations. A 
glide path should always be used prior to negoti-
ating any canal curvature whether straight or 
curved (Fig.  12.5 ).

    Post space preparation  
 Post space preparation should be carried out 

ideally at time of obturation. Clinically 4–5 mm 
of gutta-percha should remain apical to the post 
space to maintain an apical seal. A safe prepara-
tion should be taken under the guidance of the 
dental operating microscope to avoid risk of 
perforation due to deviation of post bur from the 
long axis of the root. The canal anatomy should 
be assessed for any changes in curvature along 
the root length, which would risk perforation.  

  Fig. 12.3    Diagrams showing crown-root mismatch 
which can account for iatrogenic perforation during 
access cavity preparation. High risk when the crown of the 
tooth is a crown or bridge abutment. Careful preoperative 
clinical and radiographic assessment is imperative. Note 
the pulp chamber is often in the centre of the tooth at the 

level of the cementoenamel junction (CEJ). Note ( a ) thick 
 dotted blue line  indicating long axis of root/tooth and  thin 
dotted blue line  showing correct access. ( b ) Note  red dot-
ted line  indicating perforation possibility if crown-root 
axis is not correctly aligned with the bur during access 
preparation       
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12.5     Non-surgical Perforation 
Repair 

 A prerequisite for non-surgical management is 
that the perforation site can be visualized using 
the dental operating microscope. In those 
instances where a strip perforation has been cre-
ated, then the canal space beyond the perforation 
must be obturated prior to repair of the perfora-
tion. The fi rst step in order to visualize the 

 perforation site is to stem any bleeding which 
may be present. Local anaesthetic, sodium hypo-
chlorite or triamcinolone acid soaked on a cotton 
wool pledget and pressed against the site of per-
foration should be suffi cient to control haemor-
rhage (Fig.  12.6 ).

   To avoid extrusion of fi lling material into the 
periodontal tissues and risk of further infl amma-
tion, delayed healing or need for a surgical proce-
dure for debridement, an internal modifi ed matrix 

a b

  Fig. 12.5    Diagrams showing how a strip perforation can 
occur when ( a ) preparing the coronal 1/3 of the canal with 
rotary instrumentation such as gates glidden drills. These 
drills are used only in the straight portion of the canal 
remembering never to prepare the root canal more than 
1/3 of the root diameter. Overzealous preparation must be 
avoided. Overaggressive preparation ( b ) in a severely 

curved root canal can result in preferential removal of root 
dentine from the inside of the curve in the middle 1/3 of 
the canal and similar removal of dentine on the outside of 
the curve in the apical 1/3 of the canal due to the tendency 
for the fi le to straighten out. This can lead to both a strip 
perforation and tear-shaped apical preparation, both of 
which are diffi cult to obturate       
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  Fig. 12.4    Diagrams representing danger areas typically 
encountered in posterior molar teeth. ( a ) Mesial roots of 
mandibular molars, ( b ) distal roots of mandibular molars 
and ( c ) mesiobuccal roots of maxillary molars. 
Instrumentation towards the danger areas ( orange ) such as 
the furcations or root concavities can increase the likeli-

hood of a strip perforation. Overzealous coronal canal 
preparation using gates glidden burs, for example, can 
easily result in this unfavourable outcome. Care must be 
taken to identify correctly the danger zone in the root area 
and avoid unnecessary preparation of this area       

 

 

B. Patel



285

technique can be used. Sterile inorganic bovine 
bone (ABB; Bio-Oss, Geistlich AG, Wolhusen, 
Switzerland) is packed into the perforation 
defect. Once the matrix is in place, the artifi cial 
fl oor barrier can be placed using either glass ion-
omer cement, MTA or Biodentine without the 
risk of pushing the material into the surrounding 
bone and supporting tissues. 

 If MTA has been used, then the access cavity 
is sealed with a temporary moist cotton wool 
pledget to ensure that the site has sealed and the 
MTA has set (Fig.  12.7 ).

12.6        Surgical Perforation Repair 

 A surgical approach may be indicated in cases 
with large perforations that are not amenable to 
an orthograde approach, failure of healing fol-
lowing a non-surgical approach, surgical repair 
of an overfi ll following perforation repair and 
inaccessible perforations where a surgical 

approach is feasible. Before surgery is under-
taken, non-surgical root canal treatment must be 
completed. Where a surgical approach is used to 
manage an apical perforation, then resection is 
carried out to this level provided the crown-root 
ratio remains favourable. A surgical approach 
and its success in attempting repair are dependant 
upon adequate accessibility. A general pre- 
surgical assessment is necessary prior to consid-
ering this type of approach (see Chap.   13    ).  

12.7     Clinical Cases 

  Case 1: Furcal Perforation Repair with 
Internal Matrix and MTA     A fi t and healthy 
46-year-old gentleman was referred regarding 
tooth 36 which failed to settle despite repeated 
intra-canal dressings (Figs.  12.8  and  12.9 ). 
Clinical examination revealed tooth 36 had an 
intact occlusal dressing which was tender to per-
cussion. Mobility was within normal limits and 

  Fig. 12.6    Diagrams showing steps in repair of a furcal 
perforation. ( a ,  b ) Furcal perforation, ( c ) placement of 
cotton wool over canal orifi ces to prevent any reparative 
material dislodging into canals, ( d ) placement of barrier 
material, ( e ) placement of artifi cial fl oor repair material 
which is packed against the barrier such as MTA and ( f ) 

cotton wool and interim dressing to allow setting of 
MTA. Note the canals have been prepared at this stage 
ready to obturate at the second appointment. The artifi cial 
barrier is assessed at the second appointment for integrity 
ensuring a permanent seal is present       
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periodontal probing profi le was within normal 
limits. Radiographic examination confi rmed pre-
vious endodontic access in tooth 36. A furcal 
radiolucency was evident suggestive of possible 
iatrogenic perforation. Following dismantling of 
the temporary restoration, bleeding was evident 
in the fl oor of the pulp chamber. The access cav-
ity was gently irrigated with sodium hypochlorite 
and the furcal perforation identifi ed mesial to the 
distal canal. The perforation site was sealed with 
an internal matrix of Bio-Oss followed by MTA 
repair of the furcal defect. The MB, ML and D 
canals were chemomechanically prepared and 

working lengths established. An intra-canal 
dressing of calcium hydroxide was placed. A wet 
cotton wool pledget was placed over the MTA 
perforation repair and the tooth re-temporized. 
The patient was reviewed a week later. All his 
symptoms had resolved. The tooth was re-
accessed, and the three canals were obturated 
using a warm vertical compaction technique and 
AH Plus cement. An IRM and glass ionomer 
double seal temporary restoration was placed. 
The patient was referred back to his general den-
tal practitioner for permanent restoration of the 
tooth.

  Fig. 12.7    Clinical photographs demonstrating an iatro-
genic perforation after the dentist had been searching for a 
calcifi ed canal. He reported using a bur to remove further 
dentine in the MB region. ( a ) Following removal of tem-
porary dressing, obvious bleeding was noted in the MB 
region. ( b ) Placement of cotton wool soaked in local 

anaesthetic to control the bleeding. ( c ) Perforation diam-
eter greater than a size 20 endodontic instrument. ( d ) and 
( e ) Placement of freeze-dried bone at the site of the perfo-
ration (internal matrix concept) and ( f ) placement of MTA 
over the site of perforation to maintain seal       
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a b

d e
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  Fig. 12.8    Clinical photographs showing ( a ) preoperative 
temporary restoration, ( b ) bleeding and pus on the fl oor of 
the pulp chamber. ( c ) Following irrigation with sodium 
hypochlorite, it is clear that bleeding from an iatrogenic 

perforation exists in the furcation region ( blue arrow ); ( d ) 
the bleeding is controlled ( red arrow ) and ( e ) an internal 
matrix utilized prior to ( f ) placement of MTA as the repair 
material for the artifi cial fl oor of the pulp       

a b c

d e f

  Fig. 12.9    Clinical radiographs and photographs demon-
strating ( a ) post perforation repair at fi rst visit; ( b ) mid-fi ll 
radiograph demonstrating apical 1/3 obturation; ( c ) radio-
graph demonstrating backfi ll; ( d ) MB, DB and D canals 
obturated and MTA repair site covered with glass ionomer 
cement; ( e ) post-operative radiograph demonstrating 
completed case. No periodontal defect was noted in the 

furcation region and the patient remained completely 
pain-free. The patient was advised to have the orthodontic 
band removed and replaced with a cast cuspal coverage 
restoration. ( f ) 3-year follow-up radiograph showing nor-
mal appearance in furcation region.  Red arrow  shows 
 perforation repair using MTA/Glass ionomer cement       
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    The perforation was recognized early by the 
referring practitioner and prompt referral orga-
nized. Time taken from perforation to repair was 
minimal with no periodontal destruction prior to 
repair noted. The long-term prognosis for this 
tooth was good with minimal risk of periodontal 
breakdown. The patient was reviewed 3 years 
later following an endodontic referral for another 
tooth. Radiographic examination confi rmed 
excellent healing in the furcation region adjacent 
to the perforation repair site (Fig.  12.9 ).  

  Case 2: Mesial Cervical Perforation Repair 
with Glass/Ionomer Cement and Biodentine     A 
fi t and healthy 68-year-old lady was referred for 
endodontic management of tooth 37 (Figs.  12.10 , 
 12.11  and  12.12 ). The patient had had a crown 
constructed on the tooth 12 months previously. 

Recently the tooth had become very painful, and 
the dentist had attempted root canal treatment but 
had noted diffi culties accessing the canals due to 
possible calcifi cation. The patient reported inter-
mittent sensitivity with the tooth. Clinical exami-
nation revealed tooth 37 had been restored with a 
ceramic crown with an occlusal access cavity, 
which was temporarily sealed. Radiographic 
examination confi rmed tooth 36 was missing. 
Tooth 37 had a crown-root misalignment with 
mesial tilting of tooth 37. A radiolucency was 
noted on the mesial aspect of the crown at crestal 
bone level. The temporary restoration was dis-
mantled and access orientation was noted to be 
misaligned mesially. A perforation was con-
fi rmed on the mesial aspect. Access cavity was 
refi ned and three necrotic canals located. 
Chemomechanical preparation was completed 
using 1 % sodium hypochlorite solution and NiTi 

a b c

d e f

  Fig. 12.10    Clinical radiographs and photographs dem-
onstrating cervical perforation repair in tooth 37. Note ( a ) 
and ( b ) pre-operative radiograph demonstrating crown-
root misalignment resulting in incorrect access prepara-
tion ( dotted green line ) and mesial cervical perforation 
( white arrow ). ( c ) Intra-oral view following coronal tem-
porary restoration removal. Excessive bleeding with 

direction of access cavity suggests mesial perforation 
which was confi rmed when a probe was placed through 
the defect. ( d ) Correct straight line access ( dotted red 
line ). ( e ) Master apical fi le radiograph confi rming identifi -
cation of all canal anatomy. ( f ) Following chemo-mechan-
ical preparation the root canals were temporarily sealed 
with gutta-percha       
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rotary fi les. A gutta-percha temporary seal was 
placed overlying the mesial and distal canals to 
prevent any repair material inadvertently block-
ing the canals. The mesial perforation site was 
explored confi rming an extensive mesial perfora-
tion. Cotton wool soaked in hypochlorite solution 
was placed through the perforation site to stop 
the bleeding. Glass ionomer cement was placed 
on the mesial aspect to seal the perforation site. 
The canals were dressed with calcium hydroxide 
and the tooth was re-temporized and a follow-up 
review arranged 4 weeks later. The patient 
remained asymptomatic and a decision to pro-
ceed to obturation was made.

     At the obturation appointment, the mesial per-
foration site was examined under the dental oper-
ating microscope to ensure that an adequate seal 
was present. Mesially no probing defect was 
noted. The three canals were obturated using a 

warm vertical compaction technique using AH 
Plus cement. Biodentine was placed directly 
overlying the coronal root canal orifi ces to ensure 
that if the mesial perforation repair deteriorated 
in the future, then the coronal seal could be main-
tained. The Biodentine was mixed according to 
manufacturer instructions and the coronal pulp 
chamber was sealed. A temporary coloured coro-
nal restoration was placed to prevent any further 
risk to the mesial repair site and underlying 
Biodentine seal. 

 This case highlights the diffi culties encoun-
tered with access preparation, particularly in 
tilted molar teeth where there is crown-root mis-
alignment due to the coronal cast restoration. 
Access cavity design should have been carried 
out in a distal orientation in alignment with root 
morphology as opposed to the mesial tilted 
crown.  

a b c

d e f

  Fig. 12.11    Clinical radiographs and photographs dem-
onstrating cervical perforation repair in tooth 37. Note ( a ) 
fl at plastic instrument can be passed mesially in the area 
of the suspected perforation and confi rmed intra- orally 
through the crown access. The instrument was used to pre-
vent excessive spillage of glass ionomer cement repair 
material into the cervical aspect of the tooth. ( b ) Placement 
of glass ionomer cement into mesial defect to repair per-
foration site. ( c ) Post-treatment radiograph demonstrating 

intra-canal medicament and satisfactory repair of the per-
foration site ( black arrow ). ( d ) The patient was seen four 
weeks later for completion of endodontic treatment. A 
warm vertical compaction technique was used. ( e ) 
Temporary coloured glass ionomer cement restoration 
used to seal the access cavity. ( f ) A Biodentine fi lling was 
placed over the coronal pulp orifi ces to minimize future 
coronal leakage       
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  Case 3: Labial Perforation Repair at Cervical 
Margin Using Internal Matrix and MTA     A fi t 
and healthy 59-year-old lady was referred to spe-
cialist practice for non-surgical endodontic treat-
ment of tooth 21 (Figs.  12.13  and  12.14 ). The 
patient had been experiencing a dull pain in the 
region intermittently which resulted in a lip 
swelling. She attended her general dental practi-
tioner who prescribed antibiotics and attempted 
root canal treatment. The dentist was unable to 
locate the canal due to calcifi cation and a referral 
was sought. The patient was still symptomatic at 
time of consultation. Past dental history revealed 
the patient had sustained trauma to the tooth as a 
teenager. No endodontic treatment had been indi-
cated, but the patient had noticed that the tooth 

had gradually discoloured over time. A few years 
ago, the patient had had a ceramic crown placed 
for aesthetic reasons. Radiographic examination 
confi rmed previous endodontic access, which 
was misaligned. The root canal system appeared 
completely sclerosed. A peri-radicular radiolu-
cency was associated with the peri-apex of the 
tooth. Access cavity preparation revealed bleed-
ing and suspected labial perforation. Straight-line 
access was created with orientation towards the 
palatal aspect of the tooth. Ultrasonic troughing 
was carried out using the dental operating micro-
scope until a sticky point was noted. Initial canal 
preparation was carried out using small K-fi les 
08 and 010 until patency was achieved. Working 
length was established and chemomechanical 
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  Fig. 12.12    Clinical photographs and radiograph demon-
strating the use of Biodentine as a permanent seal overly-
ing the canal orifi ces to prevent any coronal leakage that 
may result from the mesial defect. ( a ) The capsule con-
taining Biodentine is gently tapped on a hard surface to 
loosen the powder. ( b ) Five drops of sterile water are 
placed in the capsule containing the Biodentine powder. 
( c ) The capsule is placed in a mixing device at a speed of 

4000 rpm for 30 s. ( d ) The capsule is opened and the 
Biodentine is checked for material consistency. If a thicker 
consistency is desired, then wait for 30 s to 1 min before 
checking again. ( e ) The Biodentine is transferred to tooth 
37 and packed into the coronal pulp chamber using a hand 
plugger. ( f ) Note fi nal post-operative radiograph demon-
strating glass ionomer perforation repair ( red ) and 
Biodentine orifi ce seal ( yellow )       
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preparation was completed using 1 % sodium 
hypochlorite solution. An intra-canal dressing of 
calcium hydroxide was placed within the root 
canal and at the labial perforation site. The patient 
was seen 4 weeks later for obturation of the tooth 
and perforation repair. Obturation was completed 
using a warm vertical compaction technique 
using AH Plus cement. Gutta-percha was placed 
below the level of the labial perforation. Bleeding 
at the perforation site was controlled using cotton 
wool soaked in hypochlorite solution. An internal 
Bio-Oss matrix was placed and the perforation 
site sealed with MTA. The crown was temporar-
ily sealed with IRM and glass ionomer cement.

      Case 4: Lingual-Cervical Perforation Repair 
with Internal Matrix and Glass Ionomer 
Cement     An apprehensive well-controlled 

hypertensive 56-year-old female patient was 
referred for endodontic management of tooth 
46. The patient had had a cast restoration placed 
on the tooth 12 months earlier. She developed 
pain and tenderness in relation to this tooth 
exacerbated when biting or chewing. The gen-
eral dental practitioner attempted access prepa-
ration through the cast restoration and was 
unable to locate the distal canal system. The 
tooth was dressed with Ledermix and referral 
sought. Clinical examination revealed tooth 46 
was asymptomatic. 

 Radiographic examination confi rmed previ-
ous endodontic access. Dentine removal was 
noted overlying the distal root canal system 
with overextension. A peri-radicular radiolu-
cency was noted with the distal root apex. Root 
canal  treatment was initiated, and following 

  Fig. 12.13    Clinical radiographs demonstrating non- 
surgical root canal treatment and perforation repair of 
tooth 21. Note ( a ) preoperative radiograph demonstrating 
well-fi tting ceramic crown restoration, pulp canal obliter-
ation and misaligned access preparation. ( b ) Correct 
straight-line access gained and following ultrasonic 

troughing the canal orifi ce located and initial apical fi le 
with patency. ( c ) Master apical fi le confi rming working 
length. ( d ) Obturation of canal using warm vertical com-
paction and AH Plus cement. ( e ) Perforation repair using 
MTA. ( f ) Final post-operative fi lm demonstrating root 
canal obturation and perforation repair       
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removal of temporary access cavity material, 
excessive bleeding was noted in the distal aspect 
of the tooth. Gentle irrigation with sodium 
hypochlorite solution was carried out and fi le 
placed into the suspected distal canal orifi ce. 
Electronic apex locator and subsequent radio-
graph confi rmed an iatrogenic perforation in the 
disto-lingual aspect of the tooth (Figs.  12.15  and 
 12.16 ).

    Further ultrasonic troughing was carried 
out to reveal the true distal canal orifi ce. 
Chemomechanical preparation was completed 
using 1 % NaOCl solution and rotary fi les. The 
perforation site was visualized under the dental 
operating microscope, and a decision was made 
to use an internal matrix technique to prevent any 
extrusion of restorative material into the sur-
rounding alveolar bone. A master gutta-percha 

  Fig. 12.14    Clinical photographs demonstrating non- 
surgical root canal treatment and labial cervical perfora-
tion repair of tooth 21. Note ( a ) perforation confi rmed by 
bleeding following initial access to the tooth. The access 
cavity was misaligned and labially placed resulting in a 
labial perforation. ( b ) Correct access cavity preparation 
more centred and towards palatal (straight line access) 
allowed eventual canal location and preparation following 

extensive ultrasonic troughing. ( c ) Gutta-percha root fi ll-
ing completed using a warm vertical compaction tech-
nique. ( d ) Bleeding arrested using cotton wool soaked in 
sodium hypochlorite solution. ( e ) Labial perforation site 
with adequate bleeding control. ( f ) Placement of internal 
matrix of Bio-Oss. ( g ) Labial perforation site following 
matrix placement. ( h ) Placement of MTA to seal perfora-
tion site       
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  Fig. 12.15    Clinical 
radiographs demonstrating 
non-surgical root canal 
treatment of tooth 46. Note 
( a ) preoperative radiograph 
showing prior endodontic 
access. The general dentist 
had placed a cast cuspal 
coverage restoration and the 
tooth had become 
symptomatic soon after. 
Access opening was carried 
out but the distal canal could 
not be located. Note extensive 
distal exploration. ( b ) IAF 
radiograph demonstrating 
perforation in the distolingual 
aspect verifi ed by fi le. ( c ) 
Ultrasonic troughing was 
carried out to locate the 
untreated distal canal. ( d ) 
MAF preparation completed       
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  Fig. 12.16    Clinical radiographs demonstrating perfora-
tion repair in tooth 46 using an internal matrix technique. 
Note ( a ) gutta-percha has been placed in the prepared dis-
tal canal to prevent perforation repair material blocking 
the canal. An internal matrix using Bio-Oss was placed 
( black arrow ) to prevent extrusion of perforation repair 

material into the distolingual furcation area. ( b ) Glass 
ionomer cement restorative material was used to seal the 
perforation. Once the material had set, the gutta-percha 
cone was removed and a calcium hydroxide dressing 
placed for a further four weeks       
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cone was placed in the distal canal to prevent 
accidental blockage of the canal with perforation 
repair material. A cotton wool pledget soaked in 
NaOCl solution was placed over the bleeding 
perforation site to arrest haemorrhage. Bio-Oss 
was used as an internal matrix and packed into 
the perforation site. Glass ionomer cement restor-
ative material was then placed over the perfora-
tion site/matrix to seal the perforation. Once the 
glass ionomer restorative material had set, the 
gutta-percha cone was removed, canal was re-
irrigated and canals were dressed with an 

 inter-appointment calcium hydroxide dressing. 
The patient was reviewed at 4 weeks and 
remained asymptomatic. No periodontal probing 
defect was detected disto-lingually. A decision 
was made to proceed with obturation. 

 At the obturation appointment, the tooth was 
re-accessed and the perforation repair site was 
examined to ensure that the repair was satisfac-
tory. Obturation of the root canal system was 
completed using a warm vertical compaction 
technique using AH Plus cement, gutta-percha, 
system B and Obtura (Fig.  12.17 ).

  Fig. 12.17    Clinical radiographs demonstrating com-
pleted root canal treatment of tooth 46. ( a ) Mid-fi ll radio-
graph using warm vertical compaction technique with AH 
Plus cement and gutta-percha. Note extruded sealer at the 
distal apex. ( b ) Backfi ll completed using System B and 

Obtura. ( c ) Post-operative view demonstrating completed 
treatment. ( d ) 12-month review radiograph showing peri-
apical healing. The patient remained asymptomatic with 
no abnormal periodontal defect in the area of the 
perforation       
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   A Biodentine restoration was placed over the 
root canal orifi ces and perforation repair to prevent 
any coronal micro-leakage. A temporary glass 
ionomer cement (pink) was placed in the occlusal 
access cavity overlying the Biodentine restoration 
to ease visualization for the general dental practi-
tioner when placing his permanent core. The 
patient was reviewed at a 12-month follow-up at 
which time she remained asymptomatic. Clinical 
examination revealed no abnormal probing profi le. 
Radiographic examination confi rmed periapical 
healing with signifi cant reduction in the distal 
periapical lesion. Sealer extrusion material had 
also been resorbed. The patient was reassured as to 
the long-term prognosis for the tooth and dis-
charged back to her general dental practitioner.  

  Clinical Hints and Tips for the Prevention and 

Management of Endodontic Perforations 

    (i)     Preoperative assessment  
 Assess crown-root alignment. 
 Good quality parallel periapical radio-
graphs at different angles (horizontal 
tube shift) and use of a parallel bite-
wing radiograph to determine coronal 
pulp chamber depth, size and shape 
relative to furcal fl oor.   

  (ii)     During access preparation  
 Care should be taken when accessing 
the teeth with narrow and calcifi ed 
pulp chambers. 
 Root orientation must be determined 
prior to rubber dam placement and 
access preparation in the teeth with 
cast restorations.   

  (iii)     During root canal preparation  
 Strip perforations should be avoided by 
overzealous preparation techniques. 
Coronal pre-fl aring with Gates Glidden 
drills should be avoided and pre-
enlargement of the danger zones 
avoided (e.g. furcation areas).   

  (viii)     During post preparation  
 Ideal post diameter, length and type 
(custom- made or prefabricated) should 
be determined according to tooth 
types, confl uence of canals, root 

 thickness and length. Overzealous post 
preparation should be avoided with 
conservation of radicular dentine in 
mind.   

  (v)     Once a perforation has been identifi ed, 
care must be taken with irrigation tech-
niques to avoid a hypochlorite accident. 
Alternative use of chlorhexidine may be 
considered until anatomical site, posi-
tion and size of perforation are verifi ed 
and visualized as possible.   

  (vi)     Haemorrhage at the perforation site 
must be controlled prior to repair. If 
the perforation is present in the coronal 
pulp chamber and is easily visualized 
under the dental microscope, then 
pressure application using a cotton 
wool pledget previously immersed in 
hypochlorite will achieve the desired 
result.   

  (vii)     The use of a sealing material that is 
biologically compatible and supports 
both osteogenesis and cementogenesis 
is preferable. Materials of choice 
include MTA and Biodentine. A 
resorbable internal matrix may be use-
ful prior to condensation of sealing 
material.   

  (viii)     Apical perforations can either be sealed 
with an osteogenic-/cementogenic- 
inducing material or using conventional 
endodontic principles provided haem-
orrhage control is achievable. Infected 
or bleeding apical perforations may 
require use of antibacterial intra-canal 
dressing placement for at least 1 week 
prior to obturation.   

  (ix)     Crestal perforations must be sealed as 
soon as possible to improve prognosis 
due to proximity to the epithelial 
attachment. Large furcal perforations 
may require the use of an internal 
matrix technique to avoid extrusion of 
repair material into the surrounding 
periodontal tissues. Temporary sealing 
of the remaining root canals must be 
ensured to avoid accidental spillage 
and blockage.          
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      Endodontic Microsurgery                     

     Roberto     Sacco     ,     Anthony     Greenstein     , 
and     Bobby     Patel    

    Summary  

  Traditional endodontic surgery involves the surgical management of a 
tooth with a periapical lesion that cannot be resolved by conventional non-
surgical endodontic treatment/retreatment. The main objective of peri-
radicular surgery is to promote tissue regeneration. Indications for surgery 
include complex root canal anatomy, irretrievable materials in the root 
canal, procedural accidents requiring surgery, persistent symptomatic 
cases, refractory lesions and where biopsy may be needed. This can be 
achieved by the surgical removal of periapical pathological tissue (surgical 
curettage) and by removing/occluding irritants within the confi nes of the 
apical portion of the root canal system and isthmuses (retrograde root 
resection, root end preparation and retrograde obturation). Endodontic 
microsurgery combines unsurpassed magnifi cation and illumination using 
a dental operating microscope and specifi c micro-instruments that signifi -
cantly affects case selection, predictability and post-operative healing 
sequelae. These major advances in surgical technique, instrumentation 
and materials have occurred over the last twenty years. Supported by 
research they have not only led to the overall improvement in treatment 
success but the ability to save what were once considered hopeless teeth  

        R.   Sacco ,  CDT, DDS, MSc, PG Cert Sed    
  Oral Surgery Specialist, Senior Clinical 
Teaching Fellow, UCL-Eastman Dental Institute , 
  123 Gray’s Inn Road ,  London   WC1X 8WD ,  UK    

  Oral Surgery Specialist Dentist, King’s College 
Hospital NHS Trust ,   Denmark Hill , 
 London   SE5 9RS ,  UK     

    A.   Greenstein ,  BM BS, MRCS, BDS, MFDS RCS (ED)    
  Oral and Maxillofacial Surgery, Pan Scotland 
Rotation ,  Honorary Lecturer at University 
of Aberdeen School of Medicine and Dentistry , 
  Aberdeen ,  UK     

    B.   Patel , BDS MFDS MClinDent MRD MRACDS     (*)
  Specialist Endodontist ,  Brindabella Specialist Centre , 
  Canberra ,  ACT ,  Australia   
 e-mail: bobbypatel@me.com  

  13

mailto:bobbypatel@me.com


298

    Clinical Relevance

    The use of the dental operating microscope, 
surgical micro- instruments, ultrasonic instru-
mentation and biocompatible root-end fi lling 
materials has resulted in a more favourable 
outcome with greater predictability. The art of 
microsurgical techniques is based on both an 
understanding of a biological approach and 
utilizing surgical expertise to contribute to a 
positive healing response. The endodontist 
can easily incorporate these techniques and 
concepts into their everyday practice enhanc-
ing available treatment strategies for the man-
agement of peri-radicular disease.  

13.1     Overview of Surgical 
Endodontics 

 Root canal treatment is carried out when the pulp 
is nonvital or has been removed to prevent or treat 
apical periodontitis [ 1 ]. It has been well estab-
lished that apical periodontitis is an infl ammatory 
process in the peri-radicular tissues sustained by 
microorganisms in the necrotic root canal system 
[ 2 – 4 ]. The success of primary root canal treatment 
is dependent on effective removal of this bacterial 
load below a critical threshold to allow for healing. 

Success rates up to 97 % have been demonstrated 
for primary root canal treatment [ 5 ]. Nevertheless 
failure may occur after treatment. Endodontic fail-
ures are primarily due to the persistence of bacte-
ria within the anatomically complexities of the 
root canal [ 6 ], persistent extra-radicular infection 
[ 7 ,  8 ], foreign body reactions to gutta-percha root 
fi lling materials [ 8 ] and radicular cysts [ 9 ]. 

 Previously treated teeth with persistent periapi-
cal lesions can be treated either with non- surgical 
retreatment or endodontic surgery. Non- surgical 
retreatment is generally most benefi cial because it 
seeks to eliminate the bacteria from within the root 
canal system. Surgery for intra- canal infections 
can isolate, but not eliminate, the bacteria from the 
root canal and would be limited to those cases 
where non-surgical retreatment is not judged to be 
possible [ 10 ]. When the aetiology is independent 
of the root canal system [ 6 – 9 ], surgery is the most 
benefi cial treatment (Fig.  13.1 ). Non-surgical 
retreatment may still be indicated in these cases, 
especially when intra- canal infection cannot be 
ruled out [ 10 ].

   Systematic reviews comparing the outcome 
of non-surgical root canal retreatment and surgi-
cal endodontics suggest that the latter offers 
more favourable initial success. However, non-
surgical retreatment offers a more favourable 
long-term outcome [ 11 ,  12 ]. If the root canals 

a b c
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  Fig 13.1    Clinical radiographs and photographs showing 
endodontic cases which have failed despite attempts at 
treatment. ( a ) Missed anatomy, ( b ) persistent disease 
despite well-obturated canal system, ( c ) overextension 

resulting in extraction, ( d ) overfi ll causing possible foreign 
body reaction, ( e ) complex anatomy, ( f ) suspected root 
fracture, ( g ) previous surgical failure, and ( h ) persistent 
apical pathosis despite re-treatment attempts       
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are accessible, then non-surgical retreatment is 
the treatment of choice [ 13 ]. 

 Pre-surgical rinsing with chlorhexidine mouth 
rinse helps to reduce bacterial load and plaque for-
mation, which in turn promotes healing of the surgi-
cal site [ 14 ]. There is no indication to provide 
preoperative prophylactic antibiotics prior to peri-
apical surgery to prevent post- operative infections in 
a healthy patient with no medical indications [ 15 ]. 
Preemptive use of oral non-steroidal drug therapy 
should be considered prior to surgery as an effective 
method of reducing post-operative pain [ 16 ]. 

 The use of the dental operating microscope in 
terms of enhanced magnifi cation and illumination 
to facilitate and enhance each phase of endodontic 
surgery has been well documented [ 17 – 20 ]. 

 The generation of successful intraoperative 
anaesthesia and haemostasis are critical pillars 
supporting the foundation of effective endodontic 
surgical procedures. Local anaesthesia with a 
vasoconstrictor is useful in terms of minimizing 
pain and providing effective haemorrhage control 
[ 21 ]. Tissue blanching is a characteristic sign of 
effective vasoconstriction. 

 Management of soft tissues is important from 
an aesthetically successful treatment point of view 
[ 22 ]. When designing a tissue fl ap, various meth-
ods of incision can be selected depending on the 

fl ap selected. It is important that incision, elevation 
and refl ection of soft tissue are performed in a way 
that is conducive for healing by primary intention. 
This goal is facilitated by ensuring all incisions are 
complete, sharp and placed on sound bone. Great 
care must be taken throughout the surgical proce-
dure ensuring tissue damage is kept to a minimum. 
Tearing or severing of tissue should be avoided 
during elevation and fl ap refl ection [ 22 ]. The tis-
sues should be kept moist and prevented from dry-
ing out throughout the procedure by applying a 
damp gauze using saline. This will help minimize 
tissue shrinkage, which would result in further dif-
fi culty with tissue re-approximation and higher 
tension when suturing [ 23 ]. The use of a papillary 
preservation fl ap can be considered where feasible 
to further minimize recession post-operatively, 
particularly where gingival biotype is thick and 
fl at and aesthetics is of primary concern [ 24 ,  25 ]. 

 Flap retraction is dependent on correct retrac-
tor selection and placement on sound bone not 
soft tissues, which would result in further trauma. 

 It has been demonstrated that leaving bleeding 
tissue tags intact on the exposed bone or peri-
odontal ligament fi bres that were severed on fl ap 
refl ection will facilitate healing [ 26 ] (Fig.  13.2 ).

   The uncertainty in knowing the true extent of 
the periapical lesion combined with the increased 

a b

  Fig 13.2    Clinical photographs showing ( a ) fl ap refl ection and ( b ) bleeding tags of tissue attached to overlying cortical 
bone ( black arrows ) and exposed root surfaces ( white arrows ). These tags should never be intentionally removed       

 

13 Endodontic Microsurgery



300

risk of scarring means submarginal fl aps such as 
Ochsenbein-Luebke semilunar fl aps are no lon-
ger recommended [ 27 ]. 

 Osteotomy is a critical step, where cortical bone 
is still intact, allowing adequate access and facili-
tating subsequent removal of soft tissue lesion sur-
rounding the apical and/or lateral aspects of the 
root apex. This unimpeded access is critical to 
ensure root-end resection, and preparation is car-
ried out correctly without compromising adjacent 
structures. If the cortical plate has already been 
breached or thinned by underlying pathology, then 
curettes may be used to expose the apex of the root. 
Bone removal is recommended with an appropriate 
bur (surgical round bur) using a reverse-air hand-
piece (Impact Air 45) to reduce the risk of surgical 
emphysema [ 28 ]. Copious amounts of sterile water 
or saline should be used throughout the procedure 
to prevent overheating of the surrounding bone 
[ 29 ]. Steel and tungsten carbide burs have been 
shown to produce less heat than diamond burs 
resulting in the possibility of compromised healing 
[ 30 ]. The osteotomy should be carried out with a 
light shaving motion to further reduce any heat 
generated. A bony lid technique has been advo-
cated in the past for accessing the apical region of 
mandibular teeth. With the advent of modern 
microsurgical techniques, which are more conser-
vative, these techniques are likely obsolete [ 34 ]. 

 After the cortical bone is removed to expose 
the lesion, the soft tissue is curetted from the 
crypt (peri-radicular curettage). The majority of 
soft tissue should be removed if possible and sent 
for histopathological diagnosis. Numerous case 
reports have been presented in the literature 
where suspected periapical pathosis was in fact 
something more sinister [ 35 – 37 ]. In some 
instances it may not be possible to remove the 
lesion in its entirety due to risk of damaging adja-
cent structures. In this case further excision may 
be possible following root resection. 

 Usually removal of the granulation tissue, 
which is chronically infl amed, will reduce the 
amount of bleeding within the surgical crypt 
[ 38 ]. Haemostasis in the surgical crypt can also 
be managed by several pharmacological tech-
niques including resorbable sponges containing 
epinephrine and calcium sulphate paste [ 39 ] or 
direct application of ferric sulphate [ 40 ]. Potential 

delayed wound healing may occur if the entire 
ferric sulphate is not removed [ 41 ]. 

 Root-end resection should be carried near per-
pendicular to the long axis of the root where possi-
ble. This makes it much easier for the operator to 
resect the root end completely, to detect multiple or 
aberrant canals and subsequent ease of retrograde 
preparation [ 31 – 33 ]. Dentinal tubules are also more 
perpendicular in orientation to the long axis of the 
tooth so this type of resection will expose fewer 
tubules [ 42 ]. It has been shown that 98 % of apical 
canal anomalies and 93 % of lateral canals system 
ramifi cations occur in the apical 3 mm [ 43 ]. Where 
possible it is recommended to remove at least 3 mm 
of root end with an appropriate bur (Lindemann 
H151) with appropriate water cooling. 

 The resected root end should be inspected under 
magnifi cation and illumination using a micro-mir-
ror to ensure resection is complete and there are no 
cracks in the root and to check for any anatomical 
canal irregularities, missed canals or isthmuses. 
The bevelled root surface can also be inspected 
after staining with a neutral, buffered, sterile dye 
such as methylene blue [ 31 – 33 ]. A radiograph can 
be taken at this stage to ensure resection has been 
carried out to the appropriate level. 

 The aim of root-end preparation using ultra-
sonic instrumentation is to clean and shape the 
apical 3 mm of the root canal system. The instru-
mentation is parallel and confi ned to within the 
root canal. Aberrant anatomies such as fi ns and 
isthmuses are cleaned without damaging the 
remaining dentinal walls [ 31 – 33 ]. 

 Root-end preparation may create a smear layer, 
consisting of organic and inorganic substances, 
which may prevent complete adaptation of root-
end fi lling material. Removal of this smear layer 
using EDTA or citric acid may be benefi cial [ 44 ]. 

 Prior to root-end fi lling, the surgical crypt 
should be isolated from fl uids, bleeding con-
trolled and root-end preparation dried. There are 
several methods of root-end fi lling each having 
been used with various degrees of success. 
Amalgam is no longer recommended based on its 
increased micro leakage compared to other mate-
rials, risk of tissue argyria and no evidence of its 
ability to support tissue regeneration and unfa-
vourable biocompatibility [ 45 – 48 ]. Current evi-
dence suggests the use of MTA, ZOE cements, 
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Diaket and Retroplast is acceptable dependent on 
prevailing clinical conditions [ 49 – 53 ]. 

 A fi nal debridement of the crypt is carried out 
using sterile saline to ensure that no foreign 
material is left in situ. Radiographic evidence of 
the quality of the root-end fi lling is recommended 
prior to wound closure. 

 Good tissue re-approximation with minimal 
tension using an appropriate suturing technique 
will allow for optimal healing by primary inten-
tion. Non-absorbable sutures in sizes 5-0 to 8-0 
are preferred using gentle manipulation with 
microsurgical instruments. The smallest number 
of sutures should be used, thereby minimizing 
tension, foreign body reaction and irritation  [ 23 –
 25 ,  54 ]. Compression of the repositioned tissues 
with a saline moistened piece of gauze will reduce 
the coagulum to a thin fi brin layer between the 
repositioned tissue and cortical bone. This will 
further reduce post-operative bleeding and swell-
ing [ 54 ]. Sutures can be removed 48–96 h post-
operatively provided the wound is stable [ 54 ]. 

 In summary, the expected outcome of apical 
surgery is good, and therefore, before considering 
tooth extraction and replacement, apical surgery 
should be attempted when it is feasible [ 55 ].  

13.2     Indications 
and Contraindications 

 When endodontic treatment fails, the clinician and 
patient are faced with the dilemma of either con-
sidering endodontic retreatment or surgery to 
maintain the tooth. There is an agreement that non-
surgical retreatment prior to a surgical approach 
will offer the tooth the best chance of success 
because all possible sites of infection are treated 
(clinical case  3 ,  4 ,  5  and  6 ). The decision-making 
process for retreatment and/or surgery is usually 
driven by periodontal assessment, restorative con-
siderations and endodontic status of the tooth (see 
Fig.  13.3 ). A cost-benefi t analysis is carried out 
including extraction and replacement options. A 
well-fi tting coronal cast restoration does not pre-
clude retreatment since minimal access cavities 
can be prepared through the crown and restored 
without complication upon completion. Conversely 
a poor coronal restoration needs to be sacrifi ced 
and dismantled to assess restorability prior to con-
sidering retreatment. In those cases, which have 
been restored with posts, sacrifi cing the crown is 
not always necessary. Endodontic access and post 
removal are still possible through the crown in 

a b c
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  Fig 13.3    Clinical radiographs showing indications and 
contraindications to endodontic surgery or re-surgery. Note 
( a – c ) poor restorability or periodontal support contraindi-
cating a surgical approach, ( d ,  e ) well-fi tting post crown 

restorations which would support a surgical approach, 
( f ) failing post crown restoration which would not be suited 
to re-surgery, and ( g ,  h ) separated instruments which would 
only be amenable to a surgical approach for removal       
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some cases although if the post was placed for 
retention of the crown, then debonding is highly 
likely. The benefi t of post removal must be weighed 
up against the risk of further weakening of the 
tooth and possible root fracture. 

 Well-fi tting post crown restorations may be 
more amenable to microsurgical techniques with 
favourable outcomes (clinical Case  2 ) (Fig.  13.33 ).

   The other situations where surgery is more 
benefi cial compared to endodontic retreatment 
are those cases where the aetiology of the 
 endodontic lesion is independent of the root canal 
system such as foreign body reactions to gutta- 
percha (clinical case  1 ) (Fig.  13.32 ), extra-radic-
ular infections and true cysts (radicular). 

 Intra-canal obstructions and aberrant anatomy 
preventing access to the apical tissues will all 
require surgery to rectify the problem (clinical 
Case  4 ) (Fig.  13.35 , Table  13.1 ).

13.3        Microsurgical 
Versus Traditional 
Approaches 

 Endodontic microsurgery encompasses the mag-
nifi cation and illumination provided by the den-
tal operating microscope with the use of 
specifi cally designed micro-instruments. The 
use of the operating microscope during surgery 
offers the clinician a number of advantages 
including higher magnifi cation enabling precise 
anatomical detail to be observed including root 
apex identifi cation and anatomical details includ-
ing microfractures, isthmuses and lateral canals; 
precise and complete removal of diseased tissue; 
conservative ultrasonic root-end preparations; 
and precise root-end fi lling placement. 
Traditional endodontic surgery had a number of 
disadvantages including diffi culties with root 
apices identifi cation, large osteotomies and long 
resection angles that would invariably lead to 
destruction of surrounding cortical bone and root 
length. Soft tissue management has also changed 
with the use of micro-instruments enabling pre-
cise incisions to be made preserving papilla, 
thereby reducing post- operative complications 

including gingival recession and scar formation. 
The use of smaller suture materials such as 5-0 
or 6-0 monofi laments result in not only less 
trauma but also more rapid healing. Atraumatic 
tissue retraction using a groove technique (i.e. 
placement and prevention of retractor slippage is 
facilitated by making a resting groove in bone) 
aims to further reduce the risk of post-operative 
pain and swelling (see Table  13.2  and  13.7 ).

   Endodontic microsurgery uses state-of-the-art 
equipment, instruments and materials aimed at 

   Table 13.1    Indications and contraindications for surgical 
endodontics   

  A. Indications  
   (i) Peri-radicular disease associated with a well- 

treated previous root treatment where retreatment 
would be deemed detrimental to the tooth or 
where no improvement may be gained 

   (ii) Peri-radicular disease associated with anatomical 
deviations such as tortuous roots, sharp angle 
bifurcations, pulp stones and calcifi cations 
preventing non-surgical retreatment to be 
undertaken 

   (iii) Peri-radicular disease associated with procedural 
errors such as instrument fractures, ledges, 
blockages or perforated canals, which cannot be 
corrected non-surgically 

   (iv) Where a biopsy of the peri-radicular tissues is 
indicated 

   (v) Exploratory surgery to visualize the peri- 
radicular tissues and tooth/root is required when 
perforation or fracture is suspected 

  B. Contraindications  
   (i)  Anatomical factors  
 Proximity to neurovascular bundles, unusual bone or 
root confi gurations, proximity to maxillary sinus, lower 
second molars with thick cortical plate and lingual 
inclination of roots. Limited mouth opening resulting in 
reduced surgical access 
   (ii)  Periodontal and restorative factors  
 Poor supporting structures, active moderate-severe 
periodontal disease and failing or failed coronal 
restorations 
   (iii)  Medical factors  
 Severe systemic disease (ASA III–IV), patients with 
diseases such as leukaemia or severe neutropenia in the 
active stage and uncontrolled diabetes or patients who 
have recently undergone cardiac or cancer therapy 
   (iv)  Surgeons skill and ability  
 The clinician’s surgical skills and knowledge. Where in 
doubt a referral should be made to an appropriate 
endodontist 
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satisfying both mechanical and biological con-
cepts to produce predictable outcomes compared 
to traditional techniques. The endodontist can 
easily incorporate these techniques and concepts 
into their everyday practice enhancing available 
treatment strategies for the management of peri-
radicular disease.  

13.4     Anaesthesia 
and Haemostasis 

     1.    Premedication with an NSAID such as ibu-
profen 400 mg can be given to the patient 1 h 
preoperatively in patients that have no contra-
indications. A pre-surgical rinse of chlorhexi-
dine can be recommended for 1 day 
preoperatively and for 1 min prior to com-
mencing surgery. The protocol can be contin-
ued post-operatively until sutures are removed.   

   2.    The administration of local infi ltration of lido-
caine 1:50,000 epinephrine is injected in the 
surgical site (2–3 cartridges). The injection is 
given slowly and steadily to allow time for 
diffusion of the fl uid and avoid accumulation 
in the submucosa. A further infi ltration is 
given in small increments directly in the 
region of the intended fl ap site resulting in 
 tissue blanching. One must avoid injecting 
into the skeletal muscle in the area; otherwise, 
there will be an activation of the B-adrenergic 
receptors resulting in vasodilation and 
increased haemorrhage after fl ap refl ection.   

   3.    Block infi ltrations can be administered using 
lidocaine to obtain a sustained level of anaes-

thesia during surgery. For posterior mandibu-
lar teeth, an inferior alveolar nerve block is 
supplemented with a mental block. Posterior 
surgeries involving maxillary teeth can be 
supplemented with posterior superior and 
middle superior alveolar nerve blocks and 
infraorbital blocks depending on the tooth in 
question. Anterior maxillary teeth can be 
supplemented with nasopalatine blocks.      

13.5     Flap Design 

 A number of basic fl ap designs exist including 
envelope, triangular, rectangular, semilunar, 
Ochsenbein-Luebke and papillary base preserva-
tion fl ap. Maxillary palatal root access requires a 
palatal fl ap to be elevated with separate design 
features. It is critical that tissue incision, refl ec-
tion and retraction are performed in a way that 
allows for healing by primary intention. Soft tis-
sue manipulation should avoid tearing, severing, 
trauma and desiccation. The following principles 
are discussed broadly in relation to the specifi c 
types of fl ap designs, which can be selected:

    1.     Incisions     

  All incisions are continuous in nature and pene-
trate through the mucosa, underlying periosteum 
down to cortical bone. The exception to this rule is 
when making the split thickness incision in relation 
to the papillary preservation fl ap. These sharp inci-
sions to the bone ensure unfavourable tearing of tis-
sues, and damage to marginal gingivae is reduced. 

   Table 13.2    Differences between traditional and microsurgical approaches in surgical endodontics   

 Traditional  Microsurgery 

 Osteotomy size  Large 8–10 mm  Small 3–4 mm 
 Bevel angle  Long 45–65°  Shallow 0–10° 
 Resected root surface inspection  Not possible with standard instruments  Always possible 
 Isthmus identifi cation  Impossible  Possible 
 Root-end preparation  Diffi cult to ensure only within the canal  Always within the canal 
 Root-end fi lling material  Amalgam often used  MTA or Super EBA 
 Sutures  3-0 or 4-0 silk  5-0 or 6-0 monofi laments 
 Suture removal  7 days post-operatively  2–3 days post-operatively 
 Healing success at 1 year  40–90 %  85–97 % 
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 Vertical incisions should not extend near muscle 
attachments or highly vascular areas such as beyond 
the submucosa. The vertical incision is made origi-
nating at the line angle of the most anterior tooth of 
the fl ap and drawn parallel to the long axis of the 
adjacent roots. Horizontal incisions should follow 
the contour of the labial surface of teeth with par-
ticular attention being paid to the intrasulcular or 
interproximal areas. The papilla needs to be excised 
completely, and both buccal and palatal/lingual 
incisions are made to ensure this (Fig.  13.4 ).

   Care must be excised when placing incisions 
in areas of bony prominence such as the canine 
region and areas of the jaws where bony architec-
ture is irregular. Flap design and placement of 
relieving incisions must take these factors into 
account to minimize tearing and possible post-
operative complications such as fl ap dehiscence, 
scarring and gingival recession.

    2.     Refl ection      

 Refl ection of the soft tissues should be carried 
out purposefully, slowly and with care to avoid 
accidental slippage. One should start in the area 
of the vertical relieving incision using an appro-
priate elevator (Molt no. 4 or Howarth’s perios-
teal elevator). One must ensure that periosteum 
has been identifi ed and the elevator is placed 
under this layer and is in contact with the under-
lying bone at all times. A piece of gauze can be 
useful to protect the soft tissues, as you refl ect 
pushing against the bone and the gauze, not the 
fl ap. The sharp convex end of the elevator is used 
to carefully refl ect the fl ap. 

 Care must be taken in regions of bony promi-
nences, irregularities, concavities and areas of fen-
estrations where risk of tearing is high (Fig.  13.5 ).

     3.     Retractor placement     

  A suitable retractor (Minnesota) should be 
selected to protect the soft tissue fl ap and also pre-
vent slippage of instruments that can cause further 
damage to soft tissues by tearing or crushing. The 
retractor, in turn, allows the operator to have a clear 
fi eld of vision to the periapex of the tooth, which is 
unimpeded by the refl ected fl ap. It may be useful to 
run a small round bur in a horizontal direction cre-
ating a small depression/groove in the bone above 
the root apex and the pathological defect where the 
retractor can rest in a fi rm secure position avoiding 
slippage. One must remember that whenever the 
fl ap is repositioned, it is worthwhile covering with 
a damp gauze soaked in saline to prevent drying out 
and shrinkage (Figs.  13.6  and  13.7 ).

     Triangular/Rectangular Flap  
 The triangular fl ap design (Fig.  13.8 ) com-

prises a horizontal incision extending to several 
teeth and distal to the involved tooth and one ver-
tical relieving incision placed mesially. If access 
is diffi cult, then the triangular fl ap can be con-
verted to a rectangular one by placing an addi-
tional vertical relieving incision. This type of fl ap 
can be used for periapical surgery, root resorp-
tion, cervical resorption, perforation and resec-
tion of short roots. The main advantage of this 
type of fl ap is minimal disruption of the vascular 
blood supply of the refl ected tissues and ease of 
repositioning. Healing following sulcular mar-
ginal incisions may lead to varying amounts of 
recession. Complete elevation of the papilla is 
technically diffi cult, especially in narrow inter-
proximal areas. Frequently the most coronal por-
tion of the papilla will be separated from the 
body of the papilla and left behind. Separated tis-
sue fragments often necrotize during the healing 

  Fig 13.4    Clinical photograph showing scalpel holder 
and blades number 15 and 11 useful for intrasulcular and 
vertical relieving incision       

  Fig 13.5    Clinical photograph showing the molt elevator 
( above ) and Howarth periosteal elevator ( below ) used to 
refl ect the fl ap once incision has been made       
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phase resulting in loss of papilla height. The risk 
of gingival recession is of particular concern in 
patients with thin gingival biotypes and high lip 
lines (“gummy smiles”).

    Submarginal Flap  
 Often referred to as the Ochsenbein-Luebke 

fl ap (Fig.  13.9 ), it is similar to the rectangular fl ap 
except the scalloped horizontal incision is placed 
within the attached gingivae. This fl ap was used 
to prevent recession in aesthetically demanding 
cases. The disadvantages of this fl ap include risk 
of scar formation, possibility of incisions in close 
proximity to the bony cavity resulting in wound 
dehiscence and loss of attachment. This type of 
fl ap is now considered historical.

    Papillary Preservation Flap  
 For a papillary based fl ap (Fig.  13.10 ), a split 

thickness incision is made; the fi rst is a shallow 

cut perpendicular to the gingival margin. It is 
meant to sever the epithelium and connective tis-
sue to a depth of approximately 1.5 mm from the 
surface of the gingivae. This is carried out in a 
curved line connecting one side of the papilla to 
the other. The second incision traces the fi rst but 
is more vertical to alveolar bone. This cut will 
result in a split thickness fl ap at the apical portion 
of the papilla base. Intrasulcular incisions are 
made in the remaining cervical aspects of the sur-
gical sites and vertical relieving incision either 
side of the surgical site or papilla to be refl ected. 
The use of a microsurgical blade is essential for 
the execution of this type of fl ap.

   This incision allows preservation of the entire 
papilla, thus eliminating any substantial loss of 
papilla height as a result of the surgical or healing 
process.  A thick and fl at gingival biotype is ideal 
to ensure optimal recession free healing 
post-operatively. 

  Envelope Flap  
 A simple horizontal intrasulcular incision is 

made following the labial contour of the teeth. 
No vertical incisions are made allowing ease of 
repositioning (Fig.  13.11 ). This type of fl ap 
design is only useful in case of cervical resorp-
tion defects, cervical perforations and periodon-
tal procedures. Due to limited access and 
visibility, this type of fl ap is not indicated in peri-
radicular surgery.

    Semilunar Flap  
 This type of fl ap (Fig.  13.12 ) has been indi-

cated when carrying out surgical trephination or 
where aesthetic crowns are at risk of gingival 
recession from the proposed surgery.

  Fig 13.6    Clinical photographs showing Minnesota retractor ( above ) and Carr retractor ( below )       

  Fig 13.7    Retractor placement and potential site for 
groove where retractor could sit above root apex and 
pathological defect preventing trauma to soft tissues 
during procedure       
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   The fl ap itself expedites surgery by reducing 
incision and refl ection times, maintains the integ-
rity of the gingival attachment and eliminates 
potential crestal bone loss. Disadvantages include 
limited access and visibility, diffi culties reposi-
tioning, increased incidence of postoperative 
scarring, predisposition to stretching and tearing 
of the fl ap and diffi culties exposing the lesion in 
its entirety. Again this fl ap is mentioned from a 
historical point of view and is now somewhat 

obsolete in cases of peri-radicular surgery 
(Table  13.3 ).

13.6        Osteotomy 

 An initial assessment has been made from a paral-
lel preoperative view as to the distance where the 
pathological defect lies in relation to the crown of 
the tooth (Fig.  13.13 ). This measurement is trans-

a b

  Fig 13.9    ( a ,  b ) Submarginal or Ochsenbein-Luebke fl ap       

a b

  Fig 13.8    ( a ,  b ) Triangular fl ap design       
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ferred to the mouth and the area explored for 
any pathological perforation of the cortical bone. 
If the soft tissue lesion has perforated the buccal 
plate, then osseous entry is simple.

   Where an intact cortical plate is present, the 
area can be probed with an explorer to locate any 

area, which is reduced in density. Where the under-
lying soft tissue pathology is present but has not 
breached the cortical plate often, a thin amount of 
the bone may be present which is  easily penetrated 
with a probe and removed using curettes 
(Fig.  13.14 ). Some authors have recommended 

a b

  Fig 13.10    ( a ,  b ) Papillary base fl ap       

a b

  Fig 13.11    ( a ,  b ) Envelope fl ap.  Black arrow  signifi es contour of gingival sulcus which incision line will follow       
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drilling a small depression in the cortical bone and 
placing some radiopaque material such as softened 
gutta-percha, which can aid in orientation once a 
periapical radiograph is taken. The osteotomy is 
then extended in the appropriate direction.

   Initial osteotomy should expose the apical 
portion of the root surface which is used as a 
guide to the apex. The osteotomy site is enlarged 
to expose the apical 3 mm of the root, which is to 
be resected. 

 It is important to make a distinction between 
root tip and surrounding bone. The operating 
microscope is useful for this purpose. Note root 
tissue is often more yellow and darker than adja-
cent bone. Unlike the bone, which is softer, it is 
not possible to indent with a probe and it does not 
bleed. The outline of the root also has a periodon-
tal ligament, which can be stained using methy-
lene blue dye (Fig.  13.15 ).

   Osteotomy is carried out slowly with copious 
irrigation using an Impact Air 45 handpiece 
with an H161 Lindemann bone cutter bur 
(Fig.  13.16 ). The size of the osteotomy is based 
on access to the root tip with ultrasonic 
 instruments freely within the bony crypt. 
Traditional peri-radicular surgery without the 
use of a microscope resulted in large osteoto-
mies resulting in slower healing. The use of a 
dental microscope has resulted in smaller oste-
otomies – approximately 5 mm in diameter will 
be suffi cient in most cases.

a b

  Fig 13.12    ( a ,  b ) Semilunar fl ap       

   Table 13.3    General points to consider regarding incisions 
and fl ap design   

 Firm continuous incisions should be made to sound 
bone 
 An incision should not cross an underlying bony defect 
 The vertical incision should be in the concavities 
between bone eminences 
 The vertical incision should not extend into the 
mucobuccal fold 
 The termination of the vertical incision at the gingival 
crest must be at the mesial or distal line angle of the 
tooth 
 The base of the fl ap must be at least equal to the width 
of its free end 
 The fl ap should offer adequate access and have an 
adequate blood supply 
 The fl ap must be of adequate size and fully refl ected 
 The edges must lie on the sound bone 
 The fl ap should be protected throughout the surgical 
procedure with care not to cause further trauma to the 
soft tissues 
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a b

  Fig 13.13    Clinical photographs showing ( a ) approximate measurement of estimated apex of the tooth ( white arrow ) 
based on preoperative radiographs and measurement of root length and ( b ) retractor sitting above pathological defect       

a b

  Fig 13.14    Clinical photographs showing ( a ) cortical 
plate intact but easily penetrable with a probe.  White 
arrow  signifi es area overlying the apex where the bone is 

intact but thin. ( b ) Following removal of this layer of cor-
tical bone exposed underlying pathology       

a b

  Fig 13.15    Clinical photographs demonstrating ( a ) exposed 
root surface and ( b ) following methylene blue staining. The 
dye is useful to confi rm the periphery of the root as outlined 

with the periodontal ligament space and also for identifying 
root fractures as seen in this case       
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13.7        Peri-radicular Soft Tissue 
Curettage 

 Peri-radicular curettage alone does not eliminate 
the causative factors for a persistent lesion in most 
cases. However, it is an essential part of the proce-
dure to remove the bulk of the diseased tissue, 
which surrounds the apex of the tooth. Removal 

of this tissue will allow unimpeded access for 
resection and retrograde obturation (Fig.  13.17 ).

   Curettes (Fig.  13.18 ) can be used to com-
pletely remove the lesion from within the bony 
crypt. Occasionally the entire lesion cannot be 
removed until the root has been resected allowing 
further access to the most posterior aspect of the 
crypt. Granulation tissue is often responsible for 

  Fig 13.16    Clinical photograph showing typical burs used for surgical bone removal. Note fi ssure bur and round bur 
used for osteotomies and the Lindemann H161 bur at the  bottom  which is useful for root resection       

a b c

  Fig 13.17    Clinical photographs showing ( a ) pre- 
osteotomy and ( b ) following osteotomy. Note hemorrhage 
within crypt due to granulation tissue still attached and ( c ) 

following complete removal of granulation tissue allowing 
visualization of the root apex       
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haemorrhage within the crypt, and upon success-
ful removal, haemostasis should be achieved.

13.8        Root-End Resection 

 Once the bony crypt is free of granulation tissue, 
the root tip can be easily identifi ed allowing root- 
end resection to proceed. 3 mm of the root apex is 

resected at near perpendicular to the long axis of 
the root (Fig.  13.19 ). This is carried out with a 
Lindemann bur using the Impact Air 45 handpiece. 
Methylene blue stain is useful to identify the 
periphery of the periodontal ligament surrounding 
the resected root surface indicating complete resec-
tion using micro-mirrors under magnifi cation.

   The extent of the apical root resection is 
based on the findings that removing 3 mm of 

  Fig 13.18    Clinical photograph showing currettes useful for periradicular curretage procedures and soft tissue removal 
in the bony crypt       

a b

c

  Fig 13.19    Clinical photographs showing ( a ) 3 mm of root resection perpendicular to long axis of the tooth, ( b ) surgical 
round bur and Lindemann bur, and ( c ) Impact Air 45 handpiece       
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the apical root end reduces apical ramifica-
tions by 98 % and lateral canals by 93 % 
(Fig.  13.20 ).

   This ideal length of resection must be bal-
anced with the concept of a favourable crown-
root ratio in order to remove apical ramifi cations 
responsible for persisting disease. 

 The angle or bevel of resection is also para-
mount to the clinical objective of ensuring all api-
cal anatomy responsible for failure has been 
addressed. Traditional surgery where a dental 
operating microscope is not used will be more 
accommodating to a long bevel during prepara-
tion simply due to convenience. 

 This long bevel (angles of 30–45 or more) not 
only results in an increased length of resection 
but also inadequate removal of tooth structure, 
possible perforation of the lingual aspect of the 
root end due to spatial disorientation, less chance 
of inclusion of lingual anatomy during resection 
and increased leakage from dentinal tubules. 
A combination of any of these factors can account 

for a less than desirable outcome leading to the 
possibility of failure. 

 A surgical microscopic technique, on the other 
hand, allows the root-end resection angle or bevel 
to be kept as short or as perpendicular to the long 
axis of the tooth as possible to facilitate the goal 
of complete resection, exposing all apical ramifi -
cations and root-end preparation without com-
promise and enhanced success. 

 The bevel angle of the resection is ideally per-
pendicular to the long axis of the root to ensure 
that fewer dentinal tubules are exposed prevent-
ing excess leakage (Fig.  13.21 ).

   In resected root surfaces of maxillary perma-
nent molars, mandibular molars or lower inci-
sors, additional canal anatomy may be present on 
the lingual aspect, which has not been addressed 
during conventional endodontic treatment. 
A shorter bevel allows the clinician to identify 
this feature more readily facilitating further isth-
mus preparation and cleaning not achievable with 
a long bevel and its shortcomings.  

a b

  Fig 13.20    Clinical photograph of a cleared tooth 
showing ( a ) 0° perpendicular resection angle removing 
98 % of apical ramifi cations and 93 % lateral canals 

compared to ( b ) traditional 45° resection angles. Note the 
volume of treated canal space by resection ( shaded areas )       
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13.9     Retrograde Preparation 
and Ultrasonic Instruments 

 Root-end preparation is completed using a vari-
ety of ultrasonic tips confi ning it to a depth of 
3 mm within the long axis of the root canal 
resulting in a thoroughly cleaned and shape 
preparation. The ultrasonic tip is used in a light 

brushing motion slowly penetrating to the 
desired depth removing gutta-percha on with-
drawal, which has been softened from the fric-
tional heat generated (Fig.  13.22 ).

   In mandibular incisors or mesiobuccal roots 
of maxillary molars following resection, there 
may be two canals connected by an isthmus 
(Fig.  13.23 ).

28 000

18 000

13 000 13 000

Number of exposed  
tubules per mm2
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  Fig 13.21    Diagrammatic representation of ( a ) number of dentinal tubules exposed according to angle of resection. ( b ) 
Note a long bevel of 45° results in a greater number of exposed tubules compared to ( c ) near perpendicular resection       

a b c

  Fig 13.22    Clinical photographs and diagrammatic repre-
sentation showing ( a ) ultrasonic tip used for root end 
preparation. ( b ) Note tip length approximately 3 mm and 

( c ) placement of tip into root end to this depth creates ret-
rograde fi lling space       
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   This groove between the canals can harbour 
necrotic material, which should be debrided. An 
ultrasonic tip used at low power can follow this 
groove connecting the two canals (Fig.  13.23 ), 
cleaning effectively without causing any detri-
mental damage to the tooth. The surgical operat-
ing microscope again is a prerequisite to ultrasonic 
preparation minimizing damage to the root end. 

 The appropriate ultrasonic tip is selected 
according to ease of access and visibility during 
retrograde preparation (Fig.  13.24 ).

   Micro-mirrors are useful when inspecting the 
resected root surface to check that the resection is 
complete (Fig.  13.25 ). These mirrors come in a 
variety of shapes and sizes with diameters rang-

ing from 1 to 5 mm. When using the surgical 
operating microscope, it is now possible to check 
for complete tissue removal, inspection of facial 
walls, ultrasonic retrograde preparation and fi ll-
ing material placement with ease.

13.10        Retrograde Obturation 

 Over the last century, every type of restorative mate-
rial has been considered, at some time or another, 
for the purpose of a root-end fi lling material. The 
selection of an ideal root-end fi lling is based on 
principles, which fulfi l a number of requirements 
(Table  13.4 ), which allow for healing.

  Fig 13.24    Clinical photographs showing various ultrasonic tips typically used for retrograde preparation. Note the tip 
is typically 3 mm in length; the ideal distance root end preparation is carried out following resection of the root       

  Fig 13.23    Diagrams showing ( a ) unprepared isthmus on an MB root and ( b ) following ultrasonic preparation       

a b 
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   Traditionally amalgam has been used for 
many years as a root-end fi lling material. As den-
tists we are familiar with amalgam and its popu-
larity was based on the fact that it was relatively 
inexpensive, easy to use and radiopaque and pre-
viously thought of as acceptable from a healing 
outcome perspective. 

 Clinical research has since contributed to its 
demise in popularity in relation to a root-end fi ll-
ing material.  Questions have been raised as to its 
inability to seal effectively, handling diffi culties 
and mercury content that does very little to  pro-
mote tissue regeneration. The risk of amalgam 
corrosion, scatter and dispersion of particles into 
the surrounding tissues during manipulation and 
insertion is also a signifi cant drawback. Potential 

discolouration and tattooing (tissue argyria) of 
the surrounding soft tissues can often result in 
areas where aesthetics is a concern (Fig.  13.26 ).  
Clinical follow-up studies have confi rmed poor 
outcomes when using amalgam retrograde fi ll-
ings and its use can no longer be supported.

   Zinc oxide-eugenol cements such as IRM 
and Super EBA have demonstrated favourable 
results, in terms of healing, when used as root-
end fi lling materials. Studies have shown that 
although regeneration is not possible, healing 
by repair does occur. Ease of manipulation of 
these types of material within an environment 
where moisture is an issue supports its use. 
Concerns have been raised with the potential for 
eugenol leaching, resulting in cytotoxicity, 
although this appears to be transient. 

 Mineral trioxide aggregate (MTA) developed 
at Loma Linda University, California, USA, has 
been shown to be biocompatible and encourage 
hard tissue deposition of cementum (cemento-
genesis) and excellent healing in randomized 
prospective clinical studies confi rming its use as 
a root-end fi lling material. Its major disadvan-
tages include cost, diffi culty in manipulation, 
placement and setting properties. In a surgical 
fi eld where moisture is a key concern, this can 

  Fig 13.25    Clinical photograph showing normal standard 
dental mirror head ( above ) and micro-surgical mirrors 
( below ).  The micro-surgical mirrors are used in conjunction 

with the dental operating microscope under indirect vision. 
The compactness of the mirror head allows for a closer 
approach to the most inaccessible areas under examination       

   Table 13.4    Requirements of an ideal root-end fi lling 
material   

 Biocompatible promoting cementogenesis 
 Bactericidal and bacteriostatic 
 Moisture compatible and insoluble in tissue fl uids 
 Ability to seal the root-end preparation 
 Ease of manipulation and placement with an adequate 
working time 
 Be radiopaque or easily discernible on radiographs 
 Does not discolour tooth structure or surrounding 
tissues 
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make the placement of MTA diffi cult although 
conversely it also encourages its setting. 

 Composite resins such as Retroplast have 
been shown to be clinically effective as root-end 
fi lling materials. Maintaining a dry fi eld is a pre-
requisite when placing any composite, and this is 
probably its greatest disadvantage. The use of 
this type of material also is dependent on root- 
end cavity design based on a saucer-type prepa-
ration with a concave root-face preparation, 
which makes adhesion of the composite more 
amenable. 

 Diaket (a polyvinyl resin) has been advocated 
as a root-end fi lling material with favourable 
biocompatibility and regeneration similar to MTA. 
When the powder/liquid is mixed in a ratio of 2:1 
the resultant consistency, handling and manipula-
tion are far superior compared to MTA.  

13.11     Closure and Suturing 

 Prior to closure of the wound and re-approxima-
tion of the tissue, fl ap compression is recom-
mended. Firm pressure is applied with wet saline 
gauze for 5–10 min to reduce the coagulum to a 
thin fi brin clot between cortical bone and soft tis-
sues providing optimal re-approximation and 
wound healing by primary intention. 

 Inadequate wound closure of an endodontic 
case can lead to delayed healing, wound dehis-
cence, scarring, gingival recession and ultimately 

an aesthetically unfavourable outcome. When 
selecting an appropriate suture material for clo-
sure of the surgical site, consideration must be 
given to the site of the fl ap and potential tension 
it may be under. The aim of sutures is to provide 
adequate tensile strength for proper repositioning 
of the soft tissues to their original position with 
the least amount of tension until healing has 
reached a stage whereby wound separation is 
unlikely to occur. The suture itself will induce a 
foreign body-type reaction, and delayed removal 
will increase the risk of infection and fi brous 
scarring. Nevertheless the suture material should 
not be removed early, and in situations where the 
wound may be under tension due to muscle 
attachments or frenal attachments, it may be pru-
dent to leave the suture in for longer. Ideally 
sutures should be removed 3–5 days post- 
operatively when adequate wound strength has 
been achieved. 

 Suture materials available for wound closure 
include non-absorbable (synthetic) and absorb-
able (natural or synthetic) (Table  13.5 ). When 
there is a need to place buried intradermal sutures 
and when closing wide gaping wounds, absorb-
able sutures such as Vicryl are useful. Sutures can 
be further classifi ed according to monofi lament, 
multifi lament or braided. The latter elicit a greater 
infl ammatory tissue response.

   Suture needles most frequently used in end-
odontic surgery are curved needles that range in 
shape from ¼ to 5/8 of a circle. A cutting needle 

a b c

  Fig 13.26    Clinical photographs and radiograph showing 
failed endodontic re-surgery. Amalgam retrograde fi llings 
were placed. Note ( a ) and ( b ) typical amalgam tattoo and 

tissue argyria and ( c ) amalgam scatter in surrounding tis-
sues, long bevel, and incomplete root resections associ-
ated with teeth 11 and 12       

 

R. Sacco et al.



317

of 11–13 mm in length with a 3/8 circle shape is 
most frequently used in dentistry. 

 Needle size denotes the diameter of the suture 
material. The smaller the diameter of the suture 
material, the less trauma potentially that may 
occur with the tissues to be sutured. Microsurgical 
wound closure requires non-absorbable suture 
material (such as monofi lament polypropylene 
suture Prolene) from 5-0 to 8-0 in size. 

 Simple interrupted sutures are individually 
placed and tied to re-approximate the relieving 

incision during fl ap repositioning. A vertical mat-
tress suture can be useful for papillary reattach-
ment (Fig.  13.29 ). The total number of suture 
used is dependent on the type of fl ap selected and 
the minimal number needed to secure the fl ap in 
position. Remember that the sutures should not 
act as ligatures but keep the tissues in position 
without undue tension until wound strength is 
achieved. 

 Intra-oral suturing techniques require three 
main instruments: the needle holder (used to grab 
onto the suture needle) (Figs.  13.27  and  13.29 ), 
toothed tissue forceps (used to gently hold the tis-
sues and grab the needle) (Figs.  13.28  and  13.29 ) 
and the suture scissors (used to cut the stitch from 
the rest of the suture material). Microsurgical 
instruments such as the Castroviejo microsurgery 
needle holder are useful when using 6-0–8-0 
sutures (Fig.  13.27 ).

     Sutures can be removed as early as 2–3 days or 
up to 7 days post-operatively (Fig.  13.30 ). Sutures 
are placed to ensure soft tissue reattachment occurs 
in the correct position. If adequate wound strength 
has not been achieved and sutures are removed too 
early, then the fl ap can detach leading to further post-
operative complications. The use of monofi lament 

   Table 13.5    Absorbable and non-absorbable suture mate-
rials commonly used in dento-alveolar surgery   

 A.  Absorbable sutures  
   Surgical gut 
   Polyglactin 910 Vicryl (Ethicon) 
   Polyglycolic acid Dexon 
   Polyglyconate Maxon 
   Polydioxanone PDS II 
 B.  Non-absorbable sutures  
   Silk suture 
   Nylon suture Ethilon 
   Polyester fi bre Dacron 
   Polypropylene Prolene 

  Fig 13.27    Clinical photographs showing Castroviejo microsurgical needle holder ( above ) and normal needle holder 
( below )       
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a b c

d e f

  Fig. 13.29    Clinical photographs demonstrating intraoral 
sutures for repositioning a papillary preservation fl ap. Note 
( a ) preoperative view demonstrating papillary incisions 
and vertical relieving incisions. ( b ) Perioperative view of 
papillary preservation fl ap. ( c ) Postsurgical completion 
and fl ap repositioning. A damp gauze was placed over the 
fl ap for 10 min with compression prior to suturing. ( d ) and 

( e ) 5.0 interrupted suture to reposition papilla in 11 and 12 
region. ( f ) and ( g ) Interrupted suture used to reposition 
midline papilla between 11 and 21. ( h ) Suturing complete 
using minimal number of sutures to reposition the fl ap. 
Interrupted sutures were also used for closure of the verti-
cal relieving incision         

  Fig 13.28    Clinical photograph showing single-toothed Adson, 7.6 cm (3 in.)       
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sutures such as 5-0 or 6-0 polypropylene sutures fur-
ther reduces infl ammation due to the accumulation 
of plaque often associated with larger braided sutures 
in more traditional techniques. Soft tissue healing 

can be observed at 5 days, 28 days and 6 months to 
monitor whether any post-operative complications 
such as scarring or recession have occurred 
(Fig.  13.30 ).

a b c

d e f

g h i

  Fig 13.30    Clinical photographs demonstrating soft tis-
sue healing for a papillary preservation fl ap over a 
6-month duration. Note ( a ) perioperative view of papil-
lary fl ap incision and ( b ) postsurgical view at day 0 with 
sutures in place. ( c ) Review at 3 days. ( d ) Review at 5 

days. Some sutures have been removed. ( e ) Review at 7 
days. All sutures have been removed. ( f ) Review at 14 
days. ( g ) Review at 28 days. ( h ) Review at 3 months. ( i ) 
Review at 6 months. Note minimal gingival recession and 
scarring in overlying mucosa       

Fig. 13.29 (continued)

g h
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13.12        Surgical Complications 

 Pain, bleeding, swelling, ecchymosis (bruising), 
lacerations, paraesthesia and sinus complications 
are all possible surgical sequelae depending on 
the site of surgery, patient and clinician. All 
patients should be given both verbal and written 
post-operative instructions as to the aftercare fol-
lowing surgical endodontics (Fig.  13.31 ). Patients 
are advised on diet and fl uid intake. Oral hygiene 
is important during the early post- surgical period. 
The patient can be advised to use a chlorhexidine 

mouthwash both preoperatively and 24 h post-
operatively. The patient is advised to avoid brush-
ing the teeth for the fi rst 24 h to reduce any risk of 
fl ap trauma. Cotton swabs can be gently used to 
remove food debris using chlorhexidine. 24 h 
after surgery, the patient is advised to brush with 
care the remaining teeth and only the incisal or 
occlusal surface of the teeth in direct relation to 
the surgical site.

    Pain  
 Mild pain is to be expected after surgical 

endodontics. Long-acting anaesthetics such as 

  Fig 13.31    Postoperative written instructions that can be given to the patient following endodontic surgery to minimize 
any complications       
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bupivacaine (Marcaine) can be injected into the 
surgical site at the end of the procedure to con-
trol pain for up to 8 h. Preemptive analgesics 
using non-steroidal anti-infl ammatory agents 
are taken preoperatively. The patient is advised 
to continue with pain medication for the fi rst 48 
h and up to the fi rst week if indicated. 

  Haemorrhage  
 Post-operative haemorrhage is often a rare 

complication that can occur. Light oozing from the 
surgical site is expected, and the patient is warned 
that this can occur for several hours after surgery 
and is normal. The patient is advised to avoid spit-
ting or rinsing for 24 h. If minor bleeding occurs 
during the fi rst 24 h, then the patient is instructed 
to apply a 2 × 2 in. gauze pad, which has been 
moistened with sterile water with moderate fi nger 
pressure for at least 10–15 min. If the bleeding 
cannot be stopped by this simple measure, then the 
patient should return to the endodontic offi ce 
immediately. The patient is also advised against 
any strenuous activity including exercise and alco-
hol for 1–2 days post- operatively to reduce any 
blood pressure increases, which may inadvertently 
result in a greater chance of bleeding. 

  Swelling  
 Swelling is common post-operative sequelae 

and can often be of concern to the patient. The 
patient can be instructed to apply an ice pack with 
fi rm pressure over the surgical site. The ice pack is 
applied for approximately 20 min and then 
removed for 20 min. This regime is continued for 
6–8 h post-operatively and initiated in the surgery 
prior to dismissal. The pressure and reduction in 
tissue temperature slows the blood fl ow to the sur-
gical site promoting coagulation and counteract-
ing rebound haemorrhage. Cold compression also 
has analgesic effects by reducing peripheral nerve 
endings and is advised to reduce post-operative 
bleeding and swelling. Continuous application is 
to be advised again since this will be counterpro-
ductive increased blood fl ow and consequently 
increased risk of bleeding. 

  Ecchymosis  
 The discolouration of the oral soft tissues 

due to the extravasation and subsequent 

breakdown of blood in the subcutaneous tis-
sues can be alarming for the unadvised 
patient. The patient should be advised that 
any post-operative ecchymosis has no bearing 
on the success or outcome of the case. Moist 
heat application is useful to reduce ecchymo-
sis and should be started 18–24 h post-opera-
tively. The patient can be instructed to wet a 
towel with hot water and apply to the face 
every 30 min. The patient must be warned 
against heat application until 18–24 h since 
this will result in bleeding and swelling. 

  Lacerations  
 Careful handling of the soft tissues and pre-

vention of retractor slippage are essential to avoid 
tearing or perforation of the fl ap. Overstretching 
of the lips should be avoided to prevent lacera-
tions of the commissures. Care must be excised 
when placing incisions to ensure that only the 
surgical site is purposely cut. 

  Paraesthesia  
 Transient paraesthesia or the abnormal sensa-

tion of burning, itching or numbness can com-
monly occur due to localized infl ammatory 
swelling. The most common nerves affected are 
the inferior alveolar nerve (after mandibular 
molar surgery) and mental nerve (after premolar 
surgery). As long as the nerve has not been 
severed, sensation will usually return in the 
coming weeks and months, and the patient should 
be reassured that sensation would return to nor-
mal eventually. 

  Sinus Complications  
 Posterior maxillary surgery carries the risk 

of breaching the maxillary sinus and perfora-
tion of the schneiderian membrane. If a breach 
is evident at time of surgery, then the clinician 
should ensure that no foreign material enters 
the sinus. Primary surgical closure should 
allow for uneventful healing in the coming 
weeks. The patient should be instructed to 
avoid blowing their nose that can increase the 
likelihood of an oral-antral communication 
being formed. Prophylactic antibiotics can be 
administered and anticongestants may be 
recommended.  
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13.13     Clinical Cases 

   Case 1     Foreign body reaction to Gutta-Percha 
 Tooth 21 had been root treated and obturated 

with gutta-percha and sealer following a com-
plicated crown fracture sustained from a trau-
matic injury. The tooth was subsequently 
restored with a post and core restoration. The 
patient presented at specialist practice with a 
persistent fi stula. Radiographic examination 
revealed a peri-radicular radiolucency with a 
radiopaque material at the centre of the lesion. 
A gutta-percha sinus-tracing radiograph con-
fi rmed the fi stula was related to this material 
(Fig.  13.32e, f ). A papillary preservation fl ap 
was made with a single relieving incision at the 
mucogingival margin of tooth 22. The fl ap was 
carefully elevated, refl ected and retracted. The 
buccal cortical plate was fenestrated with evi-
dence of gutta-percha within the soft tissue 
lesion (Fig.  13.32a, b ). The periapical tissue was 

curetted. An apicectomy was performed with a 
Lindemann bone cutter in an Impact Air 45 
handpiece. The resected root apex was exam-
ined and prepared with an ultrasonic tip. A well-
mixed MTA retrograde fi lling was placed into 
the cavity and condensed with micropluggers. 
Excess MTA was removed with a curette and 
the resected root surface cleaned with a moist 
cotton wool pellet. The fl ap was repositioned 
using 5-0 monofi lament sutures (Fig.  13.32d ). 
The patient returned for suture removal 5 days 
later. The buccal sinus had resolved at 1- and 
6-month review appointments.

      Case 2     Surgical apicectomy of a tooth with a 
post crown restoration 

 A 34-year-old fi t and healthy patient was referred 
for endodontic management of tooth 21. The patient 
had sustained a traumatic injury to the tooth whilst 
surfi ng as a teenager. The tooth had been treated 
with conventional root canal treatment, gutta-percha 

a b c

e f g
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  Fig 13.32    Clinical photographs and radiographs 
demonstrating failed endodontic treatment due to foreign 
body reaction related to a gutta-percha fragment (possibly 
from an overfi ll). Note ( a ) intraoperative view following 
papillary preservation fl ap refl ection and retraction. ( b ) 
Removed gutta-percha. ( c ) Following curettage of soft 

tissue lesion. ( d ) Closure using 5.0 monofi lament sutures. 
( e ) Preoperative radiograph demonstrating orthograde 
root fi lling and post crown restoration. ( f ) Note sinus 
tracing radiograph associated with extruded gutta-percha 
piece. ( g ) Posttreatment radiograph showing removal of 
fragment, apicectomy, and retrograde MTA fi lling       
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orthograde fi lling and subsequent post crown resto-
ration. The patient had been aware of pain and ten-
derness overlying the tooth. Radiographic 
examination revealed a well-fi tting post crown resto-
ration with orthograde root fi lling. A peri-radicular 
radiolucency was evident. A papillary preservation 
fl ap was made and tissues retracted and refl ected to 
reveal an extensive buccal cortical plate fenestration. 
Periapical curettage was carried out and the lesion 
sent for biopsy. Root resection was carried out and 
retrograde preparation completed using ultrasonics. 
MTA was used as a retrograde fi lling. The surgical 
site was closed with 5-0 monofi lament sutures. The 
patient was reviewed a week later for suture removal. 
Review examination at 6 months revealed the patient 

remained asymptomatic. Radiographic examination 
revealed bony infi lling with an intact periodontal 
ligament space associated with the periapex of tooth 
21 (see Fig.  13.33 ). Histopathology confi rmed a 
diagnosis of periapical granuloma.

      Case 3     Endodontic retreatment, treatment and 
surgical apicectomy of teeth 31 and 41 

 A fi t and healthy 29-year-old patient was 
referred for conventional endodontic retreatment 
of tooth 41 and treatment of tooth 31. Clinical 
examination revealed obvious buccal tenderness 
overlying the periapices of teeth 31 and 41. Tooth 
31 was unrestored. Tooth 31 responded nega-
tively to both electric pulp testing and thermal 

a

b d

c e

  Fig 13.33    Clinical radiographs and photographs 
showing ( a ) preoperative view with existing periradicular 
area, ( b ) surgical osteotomy site exposing root end of 

tooth 21, ( c ) following root resection and MTA retrograde 
fi lling placement, ( d ) 5.0 sutures used for closure, and ( e ) 
6-month review radiograph demonstrating healed case       
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stimulus (CO2 snow). Radiographic examination 
revealed previous endodontic treatment of tooth 
41 (deemed suboptimal). An extensive peri-
radicular radiolucency was associated with the 
periapices of teeth 31 and 41. Non-surgical root 
canal treatment and retreatment of teeth 31 and 
41 were carried out. Intra-canal dressings of cal-
cium hydroxide were used for an extended period 
of 3 months prior to completion of obturation. 4 
months post treatment, the patient presented with 
a draining fi stula, which was related to the peria-
pex of tooth 31. Periapical surgery was carried 
out. Soft tissue lesion was curetted and sent for 
histopathological examination (confi rmed as 
periapical granuloma). Root resection was car-
ried out and retrograde preparation completed 
using ultrasonics. MTA was used for root-end 
fi llings. The site was sutured and patient reviewed 
a week later for suture removal. The patient 
healed uneventfully and was reviewed at 6-month 
follow-up. Radiographic examination revealed 
intact periodontal ligament spaces associated 
with the periapices of teeth 31 and 41 (see 
Fig.  13.34 ).

       Case 4     Endodontic retreatment and re-surgery 
of teeth 11 and 12 

 A 62-year-old nervous patient was referred for 
endodontic management of teeth 11 and 12. The 
patient presented with pain and swelling in rela-
tion to these teeth. Past history revealed the 
patient had undergone conventional root canal 
treatment and apicectomy on two occasions. 
Clinical examination revealed a fl uctuant swell-
ing in relation to teeth 11 and 12. Tissue argyria 
was evident with an amalgam tattoo. Radiographic 
examination confi rmed previous orthograde root 
fi llings and retrograde amalgam fi llings in both 
teeth. A long bevel resection was evident with a 
peri-radicular lesion associated with the periapex 
of tooth 12. Non-surgical root canal retreat-
ment was undertaken in both teeth. Amalgam 
 retrograde fi llings were deemed intact. Both teeth 
were obturated using a warm vertical compaction 
technique using AH Plus cement. Surgery was 
carried out under oral sedation. 

 A papillary preservation fl ap with a single dis-
tal relieving incision was made. The fl ap was 

a b c d
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  Fig 13.34    Clinical radiographs showing ( a ) preopera-
tive view of suboptimal root treated 41 and non-vital 31. 
( b ) and ( c ) Root canal instrumentation of 31 and 41. 
( d ) Intracanal calcium hydroxide dressing which was 
placed for a period of 3 months. ( e ) Post-treatment 
radiograph demonstrating well-obturated canals. ( f ) 

4-month post- treatment radiograph demonstrating sinus 
tracing related to periapex of tooth 31. ( g ) Immediate 
postsurgical radiograph demonstrating root resections 
and retrograde MTA fi llings. ( h ) 6-month review radio-
graph demonstrating complete healing       
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refl ected and retracted to confi rm a buccal corti-
cal plate fenestration overlying tooth 12. Soft tis-
sue curettage was carried out to reveal a bony 
crypt with near through and through lesion 
extending palatally. Haemostasis within the crypt 
was achieved using epinephrine pellets. 

 The amalgam retrograde fi lling was removed 
using ultrasonics. A damp piece of cotton wool 
gauze was placed posteriorly within the crypt to 
prevent amalgam scatter. The resected root was 
inspected and a perpendicular bevel created using 
a Lindemann bone cutter in an Impact Air 45 
handpiece. The resected root apex was examined 
under the dental operating microscope and retro-
grade preparation completed using ultrasonics. 
An MTA retrograde fi lling was placed and con-
densed with micropluggers. The root end was 

cleaned with a moistened cotton wool pellet. The 
fl ap was repositioned and sutured using 5-0 
monofi lament synthetic sutures. The patient 
returned for suture removal a week later with no 
post-operative complications. The patient was 
reviewed at 6 months and 12 months to assess 
periapical healing (see Figs.  13.26 ,  13.29 ,  13.30  
and  13.35 ).

      Case 5     Endodontic retreatment and apicectomy 
of teeth 31 and 41 

 A fi t and healthy 22-year-old nurse was referred 
to the UCL Eastman Dental Institute for endodontic 
retreatment of teeth 31 and 41. Radiographic 
 examination revealed an extensive peri-radicular 
radiolucency associated with both periapices. A 

a b c
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  Fig 13.35    Clinical radiographs showing ( a ) preoperative 
view of teeth 11 and 12. The patient had previously under-
gone root canal treatments and surgical apicectomy and 
re-apicectomy. ( b ) Conventional re-treatment and ( c ) 
obturation of both teeth using a warm vertical compaction 
technique. ( d ) Surgical re-apicectomy showing removal 
of retrograde amalgam fi lling in tooth 12 without further 
amalgam scatter. ( e ) Postsurgical radiograph demonstrat-
ing MTA retrograde fi lling. ( f ) 6-month review radiograph 
showing bony infi lling. ( g ) Further 6-month review show-

ing further reduction in lesion size. The patient remained 
asymptomatic with no tenderness in the overlying soft tis-
sues. This case will require careful follow-up and radio-
graphic monitoring to ensure peri-apical healing 
continues. A persistent radiolucency and asymptomatic 
tooth may indicate the presence of peri-apical scar tissue 
that requires no further intervention. Previous surgery on 
two occasions and near through and through lesion 
extending from labial to palatal direction increases the 
likelihood of scar formation       
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postgraduate endodontic student undertook conven-
tional root canal retreatment of both teeth, and only 
one canal was located in both teeth (Fig.  13.36 ).

   The patient was reviewed in the department by 
myself 12 months later with obvious pain and 
tenderness in relation to both teeth. A decision 
was made to carry out surgical apicectomy. A full 
mucoperiosteal fl ap was raised with a single 
relieving incision in the 43 region. Care was 

taken to identify the right mental nerve and 
ensure that the incision was well away. The fl ap 
was refl ected and retracted accordingly, and a 
large soft tissue lesion within a bony crypt was 
evident (Fig.  13.37 ).

   Extensive buccal cortical bone was destroyed. 
Periapical curettage was carried out, and soft tis-
sue was sent for histopathological diagnosis 
(confi rmed as periapical granuloma) (Fig.  13.38 ).

a bb c

d e f

  Fig 13.36    Clinical radiographs demonstrating endodontic 
re-treatment and surgical apicectomy carried out by post 
graduate endodontic students.  Note ( a ) pre-operative  view 
of teeth 31 and 41 demonstrating an extensive peri-radicular 
radiolucent lesion in relation to these teeth despite non sur-
gical root canal therapy. ( b – c ) Conventional re-treatment. 
Note overfi ll surplus material associated with tooth 31. 
( d ) The patient was seen 12 months later for further review. 

At this time she was complaining of ongoing pain and 
 tenderness in relation to these teeth. A decision was made to 
carry out further endodontic surgery. ( e ) Immediately 
 post-apicectomy.  Surgical curettage, root resection,  root 
end-preparation using ultrasonics and retrograde fi lling with 
MTA was carried out. ( f ) 9-month follow up demonstrating 
complete healing of teeth 31 and 41       
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a b

c d

  Fig 13.37    ( a - d ) Clinical photographs demonstrating full mucoperiosteal fl ap refl ection and retraction revealing under-
lying buccal cortical plate destruction and extensive soft tissue lesion within the bony crypt       

a b

c d

  Fig 13.38    Clinical photographs demonstrating ( a ) and ( b ) soft tissue curettage. Insert lesion was sent for histopathology 
confi rming periapical granuloma. ( c ) and ( d ) Bony crypt with overfi lled root fi lling prior to root resection       
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   The crypt was irrigated with saline and hae-
mostasis achieved using epinephrine pellet tech-
nique. Root resections were carried out and 
retrograde ultrasonic preparation. The resected 
root surfaces were dried and stained with methy-
lene blue dye. High magnifi cation (X16) was 
used to inspect the resected root surfaces for any 
fractures and additional canals and isthmuses. No 
additional anatomy was noted (Fig.  13.39 ).

   A well-mixed MTA retrograde fi lling was 
placed in both teeth followed by condensing with 
appropriate micropluggers. Excess MTA was 
removed using a moist cotton wool pellet. Final 
irrigation of the crypt was carried out using 
saline. The fl ap was repositioned and closure was 
carried out with monofi lament synthetic 5-0 
sutures. The patient returned for suture removal 
after 72 h. The patient returned three days later 
with failure of fl ap. Due to lower lip musculature, 
the fl ap had failed to heal. Further suturing was 
carried out and the patient returned a week later 
for suture removal. The patient healed unevent-
fully with no long-term consequences. The 
patient was reviewed at 9 months at which time 
she had begun fi xed orthodontic appliance ther-
apy. Radiographic examination revealed com-
plete bony infi ll and healing with the absence of 
both clinical and radiographic signs and symp-
toms. An intact periodontal ligament space could 
be seen with both periapices of teeth 31 and 41 
(Fig.  13.40 ).

      Case 6     Through and through surgery of tooth 12 

 A fi t and healthy 49-year-old female patient 
was referred for endodontic retreatment of tooth 
12. At the consultation appointment, the patient 
reported pain and tenderness associated with the 
tooth and increasing mobility. She recalled this 
tooth had undergone root canal treatment in her 
teenage years after an impacted canine tooth 
was extracted. Clinical examination revealed 
obvious tenderness in the overlying alveolar 
mucosa on the labial aspect. Grade I mobility 
was noted with a normal periodontal profi le. 
Radiographic examination confi rmed previous 
endodontic treatment in tooth 12. A peri-radicu-
lar radiolucency was noted with obvious root 
foreshortening (Fig.  13.41 ). Treatment options 
were discussed and a decision was made to 
embark upon root canal retreatment of tooth 12.

   The coronal restoration was dismantled and 
gutta-percha root fi lling identifi ed. Root fi lling 
material was removed using a chloroform wicking 
technique. A large open apex was confi rmed and a 
stainless steel hand fi le #140 could be passed 
through the apex. Minimal canal preparation was 
carried out and irrigation using 1 % sodium hypo-
chlorite solution. An intra-canal dressing of cal-
cium hydroxide was placed for a 6-week period. 
At the review appointment, the patient was still 
aware of tenderness overlying the periapex of 
tooth 12. A decision was made to carry out a surgi-
cal through and through approach combining 

a b c

  Fig 13.39    ( a -c) Clinical photographs demonstrating 
resected root surfaces stained with methylene blue dye 
and examined under high magnifi cation (×16) to check 

for signs of root fracture and additional missed/untreated 
canal anatomy or isthmuses. No additional anatomy was 
seen       
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periapical curettage with orthograde obturation of 
the large canal space with an irregular open apex. 
Normally a through and through treatment 
approach is indicated when exudation into the root 
canal cannot be controlled by non-surgical chemo-
mechanical debridement. In this case a surgical 
approach using fl ap elevation would allow for 
periapical curettage and offer better control when 
completing obturation of the root canal system. 

 At time of surgery, the patient had taken pre-
emptive analgesics 1 h preoperatively. The tem-
porary coronal restoration was dismantled. A 
papillary preservation fl ap design was used with 
a single distal relieving incision in the 14 region. 
Following fl ap elevation the bony crypt was 
identifi ed and soft tissue curettage carried out. 
The existing canal medicament was removed, 
and irrigation of the root canal system was per-
formed using chlorhexidine solution. The canal 

was dried using paper points. An orthograde 
MTA root fi lling was placed using the MAP sys-
tem at the apex, and a fl at plastic instrument was 
placed in the bony crypt overlying the root apex 
to prevent gross extrusion of MTA into the bony 
cavity. The MTA was allowed to set, and then 
the remaining root canal system was obturated 
with thermoplasticized injection gutta- percha 
(Obtura). The access cavity was then sealed 
with a double temporary restorative material 
using IRM and glass ionomer cement. The fl ap 
was repositioned and closure carried out with 
5-0 Vicryl sutures. The patient was reviewed a 
week later and sutures were removed. Soft tis-
sues were healing well, and the patient was fol-
lowed up at 4 weeks at which time she remained 
asymptomatic. Further follow-up was arranged 
at 12 months to assess bony healing (see 
Figs.  13.41 ,  13.42  and  13.43 ).

a b
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  Fig 13.40    Clinical photographs and radiographs demonstrating ( a ) and ( b ) preoperative views and ( c ) and ( d ) 
postoperative views. Note complete healing observed after a 9-month period post apicectomy       
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a b c
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  Fig 13.41    Clinical radiographs demonstrating nonsurgi-
cal root canal treatment and surgical through and through 
approach of tooth 12. Note ( a ) preoperative view demon-
strating previous root fi lling in tooth 12. Note periradicular 
infection and foreshortened root apex of tooth 12. ( b ) and 
( c ) Removal of gutta-percha using a chloroform wicking 
technique. ( d ) Apical foramen size was estimated greater 
than size #140. An intracanal medicament of calcium 

hydroxide was placed for 6 weeks. At the review appoint-
ment pain, tenderness and mobility were still evident with 
tooth 12. A decision was made to adopt a surgical approach 
combining a through and through approach to complete 
endodontic treatment. ( e ) MTA orthograde fi lling place-
ment. ( f ) Completed root fi lling using AH Plus cement and 
gutta-percha (Elements Obturation)       
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a b

c d

  Fig 13.42    Clinical photographs demonstrating surgical 
through and through approach to complete obturation of 
canal system. Note ( a ) preoperative view demonstrating 
thick and fl at gingival papillae ideal for use of a papillary 
preservation fl ap. ( b ) Incision of papillary preservation 

fl ap with one distal relieving incision. ( c ) Following fl ap 
refl ection, bony crypt identifi ed. Soft tissue curettage was 
carried out and apex of 12 identifi ed. ( d ) Canal irrigation 
is carried out with chlorhexidine to ensure all remnants of 
calcium hydroxide dressing material have been removed       

 

13 Endodontic Microsurgery



332

a b

c d

  Fig 13.43    Clinical photographs demonstrating surgical 
through and through approach to manage endodontic 
re-treatment of tooth 12. Note ( a ) canal is dried with paper 
points prior to obturation procedure. ( b ) Orthograde MTA 
placement is completed using the MAP system. Excess 
MTA is prevented from overfi lling by placement of a fl at 

plastic instrument over the root end. ( c ) Once MTA has 
set, the remaining canal space is obturated with gutta- 
percha using Obtura. ( d ) After a temporary double seal 
coronal restoration of IRM and GIC is placed, the fl ap is 
repositioned and sutured using 5.0 Vicryl sutures       

 

R. Sacco et al.



333

      Clinical Hints and Tips when Carrying 

Out Surgical Endodontics 

•      Clinical assessment  
 A thorough extra-oral and intra-oral exami-
nation should be undertaken, in particular 
noting mouth opening, swelling, sinus 
tracts, quality of cast restoration (marginal 
adaptation, history of decementation), peri-
odontal status (the presence of isolated 
pocketing), occlusal relationship and sensi-
bility and percussion testing.  

•    Radiological assessment  
 Long cone parallel periapical view of the 
tooth should be obtained showing entire 
lesion and at least 3 mm beyond the 
radiolucent lesion. The use of limited 
volume conebeam CT scan is particularly 
useful in pre-surgical assessment to 
determine the exact location of root apex/
apices and to evaluate the proximity of 
adjacent anatomical structures and their 
relationship to the planned surgery.  

•    Referral  
 Appropriate referral should be made to a 
suitably trained colleague.  

•    Preoperative medication  
 Uses of preemptive analgesics such as 
NSAIDS are proven to be effective for pain 
management. Prophylactic administration 
of antibiotics routinely for patients is not 
indicated unless medical history indicates 
necessity. Routine use of a chlorhexidine 
mouth rinse to reduce plaque formation is 
useful.  

•    Anaesthesia  
 The use of a local anaesthetic with a vaso-
constrictor is not only useful for allowing 
pain-free surgery but also to manage hae-
mostasis at the surgical site.  

•    Magnifi cation  
 The use of microsurgical techniques and 
the dental operating microscope improves 
visualization and control of the surgical 
site and should be the standard of care.  

•    Soft tissue management  
 Appropriate fl ap selection should be based 
on a number of factors including gingival 

biotype, size of peri-radicular lesion, status 
and type of coronal restoration and adja-
cent anatomical structures. The use of a 
semilunar fl ap is contraindicated due to dif-
fi culty with determining the exact size of 
the periapical lesion and increased risk of 
scarring. All relieving incisions should be 
placed on sound bone. After fl ap refl ection 
the fl ap should be protected at all times 
with retractors resting on sound bone and 
the use of wet gauze to prevent desiccation. 
Following refl ection of the mucoperiosteal 
fl ap, any bleeding tags of tissue from the 
surgical site should not be removed to 
facilitate healing at time of repositioning.  

•    Hard tissue management  
 A preoperative assessment of the length 
of the root and its axis should be made to 
ensure that osteotomy is carried out at the 
appropriate site when the cortical plate is 
intact. The use of appropriate burs using a 
reverse-air handpiece cooled with copi-
ous sterile saline or water is essential to 
prevent risk of air emphysema at the sur-
gical site.  

•    Peri-radicular curettage  
 The majority of infl ammatory soft tissue 
should be removed and sent for histopatho-
logical examination. If there is risk of 
 damaging adjacent anatomical structures, 
then leaving tissue may be appropriate.  

•    Root-end resection  
 Root resection should be carried out as 
close to 90° to the long axis of the tooth as 
possible to ensure adequate access to apical 
anatomy and minimize exposure of den-
tinal tubules. Removal of at least 3 mm of 
the root end using copious irrigation should 
ensure removal of the majority anatomical 
anomalies in the apical 1/3rd of the root. 
Root resection will be dictated by favour-
able root-crown ratio, and this must be 
taken into account prior to resection. 
Application of methylene blue sterile dye 
is indicated to help visualize apical anat-
omy and potential cracks and fractures that 
may be present.  
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•    Retrograde cavity preparation  
 Root-end preparation should be at least 
3 mm in length and in the long axis of the 
tooth following pulp space morphology. 
The use of ultrasonic tips at appropriate 
power settings under direct or indirect 
vision using micro- mirrors and the dental 
operating microscope reduces risk of 
damage.  

•    Retrograde fi lling  
 The use of an appropriate biologically com-
patible root-end fi lling material should be 
used to ensure an adequate apical seal that 
is well tolerated by the surrounding tissues. 
Amalgam is no longer recommended.  

•    Bony crypt management prior to 
closure  
 Prior to closure the bony crypt should be 
carefully debrided and irrigated to ensure 
all haemostatic agents, root-end fi lling 
materials, debris and any gauze have been 
removed which can cause a potential for-
eign body reaction and delayed/unfavour-
able healing. A post-operative radiograph 
should be taken to assess the fi nal root-end 
fi lling prior to closure.  

•    Repositioning of fl ap and suturing  
 The soft tissue fl ap should be repositioned 
and reapposed with appropriate sutures 
that allow primary closure. Immediately 
following closure with sutures, the tissues 
should be fi rmly compressed for at least 
5 min with a damp gauze to reduce the pos-
sibility of a blood clot forming between 
fl ap and the bone that can lead to potential 
delayed wound healing.  

•    Post-operative care  
 Appropriate post-operative pain manage-
ment includes the use of a long-acting local 
anaesthetic and the use of either NSAIDS 
or paracetamol with or without codeine. 
Application of cold compresses with an 
appropriate ice pack for the fi rst 6 h may be 
useful to reduce post-operative swelling. 
Maintenance of good oral hygiene and the 
use of post-operative chlorhexidine mouth 
rinses may be benefi cial to ensure good 
soft tissue healing. Both verbal and clear 

written instructions should be given to the 
patient. Sutures should be removed when 
adequate wound strength has been achieved 
(72–96 h) to prevent infection by wicking. 
In areas under tension, sutures may be left 
in for up to 7 days before removal. The 
patient should be followed up 1 week and 
4 weeks for soft tissue assessment and 
6 months for a radiological review to deter-
mine bony healing. Further reviews may be 
required until evidence of healing is noted.         

   References 

    1.    European Society of Endodontology. Quality guide-
lines for endodontic treatment: consensus report of 
the European Society of Endodontology. Int Endod 
J. 2006;39:921–30.  

    2.    Kakehashi S, Stanley HR, Fitzgerald RJ. The effects 
of surgical exposures of dental pulps in germfree 
and conventional laboratory rats. J South Calif Dent 
Assoc. 1966;34:449–51.  

   3.    Bergenholtz G. Micro-organisms from necrotic pulp 
of traumatized teeth. Odontol Revy. 1974;25:347–58.  

    4.   Sundqvist G. Bacteriological studies of necrotic den-
tal pulps. Umea University Odontological Dissertation 
No.7. Umea: University of Umea; 1976.  

    5.    Friedman S, Mor C. The success of endodontic ther-
apy – healing and functionality. J Calif Dent Assoc. 
2004;32(6):493–503.  

     6.    Nair PNR. Pathogenesis of apical periodontitis and 
the cause of endodontic failures. Crit Rev Oral Biol 
Med. 2004;15:348–81.  

    7.    Sjogren U, Happonen RP, Kahnberg KE, Sundqvist 
G. Survival of Arachnia propionica in periapical tis-
sue. Int Endod J. 1988;21:277–82.  

     8.    Nair PNR, Sjogren U, Krey G, Sundqvist G. Therapy- 
resistant foreign-body giant cell granuloma at the 
periapex of a root-fi lled human tooth. J Endod. 
1990;16:589–95.  

     9.    Nair PNR, Sjogren U, Schumacher E, Sundqvist 
G. Radicular cyst affecting a root-fi lled human tooth: 
a long-term post-treatment follow-up. Int Endod 
J. 1993;26:225–33.  

     10.    Cohen S. Treatment choices for negative outcomes 
with non-surgical root canal treatment: non-surgical 
retreatment vs. surgical retreatment vs. implants. 
Endod Top. 2005;11:4–24.  

    11.    Friedman S. Considerations and concepts of case 
selection in the management of post-treatment end-
odontic disease (treatment failure). Endod Top. 
2002;1:54–78.  

    12.   Del fabbro M, Taschieri S, Testori T, Francetti L, 
Weinstein RL. Surgical versus non-surgical endodon-

R. Sacco et al.



335

tic re-treatment for periradicular lesions (Review). 
Cochrane Database Syst Rev. 2007;3:CD005511.  

    13.    Torabinejad M, Corr R, Handysideds R, Shabahang 
S. Outcomes of nonsurgical re-treatment and end-
odontic surgery: a systematic review. J Endod. 
2009;35:930–7.  

    14.    Martin MV, Nind D. Use of Chlorhexidine gluconate 
for preoperative disinfection of apicoectomy sites. Br 
Dent J. 1987;162:459–61.  

    15.    Lindeboom JA, Frenken JW, Valkenburg P, van den 
Akker HP. The role of preoperative prophylactic anti-
biotic administration in periapical endodontic surgery: 
a randomized, prospective double-blind placebo-con-
trolled study. Int Endod J. 2005;38(12):877–81.  

    16.    Dionne RA, Campbell RA, Hall DL, Cooper SA, 
Buckingham B. Suppression of postoperative pain by 
preoperative administration of ibuprofen in compari-
son to placebo, acetaminophen, and acetaminophen 
plus codeine. J Clin Pharmacol. 1983;23:37–43.  

    17.    Carr G. Microscopes in endodontics. J Calif Dent 
Assoc. 1992;11:55–61.  

   18.    Kim S, Pecora G, Rubenstein R. Color atlas of micro-
surgery in endodontics. Philadelphia: WB Saunders; 
2001. p. 21–2.  

   19.    Pecora G, Andreana S. Use of the dental operating 
microscope in endodontic surgery. Oral Surg Oral 
Med Oral Pathol. 1993;75:751–8.  

    20.    Rubenstein R. Magnifi cation and illumination in api-
cal surgery. Endo Top. 2005;11:56–77.  

    21.    Hargreaves K, Khan A. Surgical preparation: anaes-
thesia and haemostasis. Endo Top. 2005;11:32–55.  

     22.    Velva rt P, Peters CI. Soft tissue management in end-
odontic surgery. J Endod. 2005;31:4–16.  

     23.    Velva rt P. Surgical retreatment. In: Bergenholtz G, 
Horsted-Bindslev P, Reit C, editors. Textbook of 
Endodontology. Oxford: Blackwell Munksgaard; 
2003. p. 311–26.  

     24.    Velva rt P, Ebner-Zimmermann U, Ebner JP. Papilla 
healing following sulcular full thickness fl ap in 
 endodontic surgery. Oral Surg Oral Med Oral Pathol 
Oral Radiol Endod. 2004;98:365–9.  

     25.    Velva rt P. Papilla base incision: a new approach to 
recession free healing of the interdental papilla after 
endodontic surgery. Int Endod J. 2002;35:453–60.  

    26.    Harrison JW, Jurosky KA. Wound healing in the 
tissues of the periodontium following peri-radicu-
lar surgery – 2. The dissectional wound. J Endod. 
1991;17:544–52.  

    27.    Peters LB, Wesselink PR. Soft tissue manage-
ment in endodontic surgery. Dent Clin North Am. 
1997;41:513–28.  

    28.    Mckenzie WS, Rosenberg M. Iatrogenic subcuta-
neous emphysema of dental and surgical origin: a 
literature review. J Oral Maxillofac Surg. 2009;67:
1265–8.  

     29.    Yacker MJ, Klein M. The effect of irrigation on oste-
otomy depth and bur diameter. Int J Oral Maxillofac 
Implants. 1996;11:634–8.  

   30.    Calderwood RG, Hera SS, Davies JR, Waite DE. A 
comparison of the healing rate of bone after the 

production of defects by various rotary instruments. 
J Dent Res. 1964;43:207–16.  

      31.    Guttmann JL, Harrison JW. Surgical Endodontics. 
Boston: Blackwell Science; 1991. p. 203–77.  

   32.    Arens DE, Torabinejad M, Chivian N, Rubenstein 
RA. Practical lessons in endodontic surgery. Chicago: 
Quintessence; 1988. p. 79–87.  

      33.    PittFord TR. Surgical treatment of apical periodon-
titis. In: Orstavik D, Pitt Ford RT, editors. Essential 
endodontology. Prevention and treatment of apical 
periodontitis. Oxford: Blackwell Sciences; 1988. 
p. 278–307.  

    34.    Khoury F, Hensher R. The bony lid technique for 
the apical root resection of lower molars. Int J Oral 
Maxillofac Surg. 1987;16:166–70.  

    35.    Nevins A, Ruden S, Pruden P, Kerpel S. Metastatic 
carcinoma of the mandible mimicking periapical 
lesion of endodontic origin. Endod Dent Traumatol. 
1988;4:238–9.  

   36.    Hutchinson IL, Hooper C, Cooner HS. Neoplasia 
masquerading as periapical infection. Br Dent 
J. 1990;168:288–94.  

    37.    Abott P. Unusual periapical pathosis – adenoid cystic 
carcinoma. Aust Endod J. 2001;27:73–5.  

    38.    Selim HA, el Deeb ME, Messer HH. Blood loss 
during endodontic surgery. Endod Dent Traumatol. 
1987;3:33–6.  

    39.    Kim S, Rethnam S. Haemostasis in endodontic micro-
surgery. Dent Clin North Am. 1997;41:499–511.  

    40.    Jeonsonne BG, Boggs WS, Lemon RR. Ferric sulfate 
haemostasis: effect on osseous wound healing. II. With 
curettage and irrigation. J Endod. 1993;19:174–6.  

    41.    Lemon RR, Steele PJ, Jeansonne BG. Ferric sulfate 
hemostasis: effect on osseous wound healing. Left in 
situ for maximum exposure. J Endod. 1993;19:170–3.  

    42.    Tidmarsh BG, Arrowsmith MG. Dentinal tubules at 
the root ends of apicected teeth: a scanning electron 
microscopic study. Int Endod J. 1989;22(4):184–9.  

    43.    Vertucci F. Root canal anatomy of human permanent 
teeth. Oral Surg Oral Med Oral Pathol. 1984;58:589.  

     44.    Torabinejad M, Handysides R, Khademi AA, Bakland 
LK. Clinical implications of the smear layer in end-
odontics: a review. Oral Surg Oral Med Oral Pathol 
Oral Radiol Endod. 2002;94:658–66.  

   45.    Fogel HM, Peikoff MD. Microleakage of root end 
materials. J Endod. 2001;27:456–8.  

   46.    Oynick J, Oynick T. A study of a new material for 
retrograde fi llings. J Endod. 1978;4:203–6.  

   47.    Dorn SO, Gartner AH. Retrograde fi lling materials: a 
retrospective success-failure study of amalgam. EBA 
and IRM. J Endod. 1990;16:391–3.  

    48.    Jesslen P, Zetterqvist I, Hemidahl A. Long term 
results of amalgam verses glass ionomer cement as 
apical sealant after apicoectomy. Oral Surg Oral 
Med Oral Pathol Oral Radiol Endod. 1995;79:
101–3.  

    49.    Chong BS, Pitt Ford TR, Hudson MB. A prospective 
clinical study of mineral trioxide aggregate and IRM 
when used as root-end fi lling materials in endodontic 
surgery. Int Endod J. 2003;36:520–6.  

13 Endodontic Microsurgery



336

   50.    Rubenstein RA, Kim S. Short term observations of the 
results of endodontic surgery with the use of a sur-
gical operating microscope and Super EBA as a root 
end fi lling material. J Endod. 1999;25:43–8.  

   51.    Rubenstein RA, Kim S. Long term follow-up of cases 
considered healed one year after apical microsurgery. 
J Endod. 2002;28:378–83.  

   52.    Regan JD, Gutmann JL, Witherspoon DE. Comparison 
of Diaket and MTA when used as root-end fi lling 
materials to support regeneration of the periradicular 
tissues. Int Endod J. 2002;35:840–7.  

    53.   Rud J, Munksgaard EC, Andreasen JO, Rud V, 
Amussen E. Root fi lling with composite and a den-
tine bonding agent: I-IV. Tandlaegebladet. 1989;93:
156–160, 195–197, 223–229, 267–273, 343–345, 
401–405.  

     54.    Velvart P, Peters CI, Peters OA. Soft tissue man-
agement: suturing and wound closure. Endo Top. 
2005;11:179–95.  

    55.    Friedman S. The prognosis and expected outcome of 
apical surgery. Endo Top. 2005;11:219–62.      

R. Sacco et al.



337© Springer International Publishing Switzerland 2016 
B. Patel (ed.), Endodontic Treatment, Retreatment, and Surgery, 
DOI 10.1007/978-3-319-19476-9_14

      Intentional Replantation                     

     Bobby     Patel    

    Summary  

  Intentional replantation is an accepted endodontic treatment procedure in 
which a tooth is extracted and treated outside the oral cavity and then inserted 
into its socket to correct an obvious clinical or radiographic endodontic fail-
ure. Key prognostic factors to increase the likelihood of success include lim-
iting the extra-oral time as short as possible and minimal trauma to the 
periodontal ligament and cementum. A team of two dentists should ideally 
work in tandem to prevent prolonged treatment time. The use of elevators is 
contraindicated, and the beaks of the forceps should not go beyond the 
cement-enamel junction. The tooth should be kept moist at all times with the 
use of an appropriate medium during the extra-oral period. Conventional api-
cectomy techniques including root resection, retrograde preparation and ret-
rograde fi lling should be carried out. The use of MTA or Super EBA should 
be routinely used to ensure good marginal adaptation and biocompatibility 
ensuring promotion of new cementum deposition to the retro-fi lled surface.  

    Clinical Relevance 

 With correct case selection, it can be a reliable 
treatment modality in an effort to maintain the 
natural dentition. It is a suitable treatment option 
when non-surgical retreatment or peri-radicular 
surgery is unfeasible. For successful intentional 
replantation, an atraumatic extraction technique 
is crucial. Clinicians should be aware of adeverse 
outcomes including tooth fracture, peri-cemental 

damage, infection, external root resorption and 
ankylosis. It is important to realize that inten-
tional replantation should be the treatment of last 
choice, selected only when all other options of 
treatment have been exhausted. Replantation can 
be a treatment of choice in cases in which a surgi-
cal approach can be diffi cult.  

14.1     Review of the Literature 

 Intentional replantation consists of a technique 
whereby a tooth is intentionally extracted and 
replanted into its socket immediately after  sealing 

        B.   Patel ,  BDS MFDS MClinDent MRD MRACDS       
  Specialist Endodontist ,  Brindabella Specialist Centre , 
  Canberra ,  ACT ,  Australia   
 e-mail: bobbypatel@me.com  

  14

mailto:bobbypatel@me.com


338

the apical foramina [ 1 ]. Historically the profes-
sion has seen intentional replantation as a treat-
ment option of last resort [ 2 – 4 ]. Others indicate 
that it is a reliable and predictable procedure and 
should be more often considered as a treatment 
modality in our efforts to maintain the natural 
dentition [ 5 ]. Contraindications are few but 
include teeth with fl ared or severely curved roots, 
poor periodontal support and vertically fractured 
teeth [ 5 ]. This procedure is particularly useful 
where surgical access may be diffi cult (such as 
lower molar surgery) or where anatomical struc-
tures are at risk (mental foramen, mandibular 
canal proximity) [ 6 ] (Table  14.1 ).

   It is well documented that avulsed teeth recover 
optimal function under ideal conditions following 
replantation. Periodontal ligament cells can be dam-
aged mechanically during extraction/replantation or 
biologically/chemically during the extra-oral 
period. Studies have shown that periodontal liga-
ment cells can easily be damaged under  stressful 

conditions such as variable pH, osmotic pressure 
and dehydration [ 7 – 10 ]. Favourable healing of the 
periodontal ligament is dependent on how many 
viable cells are preserved on the root surface [ 7 ,  8 ]. 
Where the periodontal ligament is damaged, then 
the potential for surface resorption, infl ammatory 
resorption and replacement resorption (ankylosis) is 
increased. This type of resorption is a well-known 
complication of replanted teeth, which adversely 
affects the long- term outcome [ 9 ,  10 ]. 

 It can be extrapolated from avulsed teeth that 
optimal periodontal healing is seen when a tooth 
is immediately replaced in its socket. This 
ensures minimal damage to periodontal ligament 
cells reducing adverse effects during the healing 
period [ 11 – 14 ]. 

 Success rates of intentionally replanted teeth are 
reported to range from 52 to 95 % [ 6 ,  8 ,  15 ,  16 ]. 

 A key to a successful outcome is based on a 
safe extraction method without causing cracks or 
root fractures. This is also one of the prerequisites 
for successful intentional replantation [ 5 ]. 
Orthodontic extrusion and the use of an atraumatic 
extraction technique have been proposed to 
ensure a fracture-free safe extraction [ 17 ].  

14.2     Technique 

 The objectives of extraction with replantation are 
to remove the tooth intentionally from its socket, 
carry out normal surgical root-end procedures 
extra-orally and replant the tooth. This indication 
is relevant when non-surgical root canal treatment 
is not possible or has not been successful and 
when surgical endodontics is not advisable. 

 The treatment procedure (Fig.  14.1 ) should, 
ideally, be carried out by two operators.

     1.    The extraction procedure is carried out with 
minimal trauma. During the extraction scrap-
ing or denudation of the periodontal ligament 
(PDL), the cementum should be avoided. 
Damage to either can increase the chances of 
root resorption ensuing postoperatively and 
inadvertently reducing the prognosis for suc-
cess. Only the apical part of the socket can be 
aspirated or curetted with care (Fig.  14.1 ).   

   Table 14.1    Indications and contraindications for inten-
tional replantation   

  Indications  
    Failure of conventional endodontic therapy  
 If conventional root canal treatment, retreatment and 
surgical treatments have failed and are deemed 
impossible to perform 
    Anatomical limitations  
 Proximity of the intended tooth to nerves (mandibular 
or mental) or anatomical structures (maxillary sinus) 
are at risk of damage from the procedure 
    Surgical access  
 Surgical access of mandibular molars may be diffi cult 
due to dense buccal bone (external oblique ridge) or 
lingually displaced roots 
    Tooth factors  
 Root canal obstructions and restorative or perforation 
root defects that may be present and are inaccessible to 
non-surgical or surgical approaches 
  Contraindications  
    Root anatomy  
 Long curved or divergent roots are more prone to 
fracture during the extraction procedure 
    Periodontal disease  
 Teeth with poor periodontal support and tooth mobility 
are not good candidates for intentional replantation 
    Vertical root fracture  
 Teeth where a crack or vertical root fracture has been 
confi rmed following extraction are not good candidates 
for replantation 
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   2.    Minimal pressure is exerted during the extrac-
tion. Care is taken to ensure that the beaks of 
the forceps are placed on the crown at all times 
and do not reach beyond the cement-enamel 
junction. The author has found that placing a 
rubber band around the handle of the forceps 
after extraction helps to apply a constant 

 pressure on the crown thereby preventing slip-
page of the forceps or damaging the tooth. Also 
the handling of the tooth during the extra-oral 
period is markedly easier for both root resec-
tion and replantation purposes (Fig.  14.2 ).

       3.    Throughout the extra-oral dry period, when 
the tooth is resected, prepared for retrograde 

  Fig. 14.1    Diagrams representing ( a ) preoperative view 
showing the tooth with periradicular lesion close to infe-
rior dental nerve (contraindication to conventional sur-
gery) and fractured post preventing conventional 

endodontic re-treatments. ( b ) Post extraction of the apical 
portion of the socket can be curetted ensuring minimal 
trauma to the remaining socket walls, ( c ) root resection, 
( d ) retrograde fi lling placement, and ( e ) repositioning       

a b c

d e f

g h i

  Fig. 14.2    Clinical photographs and radiographs demonstrating ( a – c ) extraction with minimal trauma, ( d, e ) root resec-
tion, ( f – h ) reimplantation, and ( i ) postoperative radiograph demonstrating repositioned tooth       
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 fi lling, retrograde fi lling placement and reim-
plantation, care is taken to avoid desiccation 
of the periodontal ligament. Extra- oral time 
should be as brief as possible. Effi cient cut-
ting of the root end and ultrasonic preparation 
are carried out with effective coolant spray. 
The periodontal ligament is also kept moist 
using physiological saline throughout the 
procedure.   

   4.    Root resection is carried out with a high-speed 
turbine using copious amounts of water. 
Resection is carried out with a 0° bevel. 
Retrograde preparation is carried out with 
ultrasonics using conventional tips. A retro-
grade root fi lling of mineral trioxide aggregate 
(MTA) is placed (3 mm depth) (Fig.  14.3 ).

       5.    The tooth is then repositioned in the socket 
with minimal trauma. Following reposition-
ing the clinician should press gently on the 
buccal and lingual plates. The patient can 
bite on cotton wool roll to help stabilize the 
tooth and aid in repositioning. Splinting is 
not usually advocated although temporary 
splinting using sutures in a fi gure of 8 can be 
used. Prolonged splinting (semi-rigid or 
rigid) is contraindicated since this does not 
allow for physiological mobility increasing 
the risk of replacement resorption and anky-
losis of the root (Fig.  14.2 ).    

14.3       Outcome 

 The main reason for failure in replanted teeth 
is root resorption, specifi cally surface resorp-
tion, ankylosis or replacement resorption 
(Fig.  14.4 ). Based on the literature, when the 
periodontal ligament cells have not been dam-
aged during extraction and replacement of the 
tooth, if the tooth has been out of the mouth a 
minimal amount of time and the periodontal 
ligament has been kept moist, the prognosis is 
excellent. On the other hand, where damage to 
the periodontal ligament cells has been consid-
erable, either because of trauma or dehydra-
tion, resorption of the root of the tooth will 
more likely occur.

14.4        Clinical Cases 

  Case 1     Failed non-surgical root canal treatment 
of tooth 46 due to additional untreated canal 

 A 24-year-old public servant was seen in 
specialist practice with a fluctuant swelling in 
the right mandibular area. Clinical examina-
tion revealed the first lower right molar was 
mobile and tender to touch. The radiograph 
revealed an extensive radiolucency associated 
with the mesial root. Conventional root canal 

  Fig. 14.3    Clinical photographs and radiographs demon-
strating ( a ) preoperative radiograph and ( b ) clinical pho-
tograph of tooth 31 with post crown restoration in place. 
Note failed endodontic treatment, ( c ,  d ) atraumatic extrac-

tion, ( e – g ) root resection, retrograde preparation and 
MTA fi lling, ( h – i ) replantation and suturing, and ( j ) post-
operative radiograph       

a b c d e
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treatment was undertaken. Access preparation 
was completed and four canals located. Canal 
preparation was completed using 1 % NaOCl 
solution. An intra- canal dressing of calcium 
hydroxide was placed for a period of 4 weeks. 
A buccal sinus had developed. A decision 
was made to carry out further intra-canal irri-
gation with adjunctive solutions including 
chlorhexidine and sonic irrigation. Access 
cavity was reassessed for any missed anatomy 
with particular reference to the distal root. 
Canal sizes were increased further. An intra-
canal dressing was left in the tooth for a fur-
ther 6 weeks. At the review appointment, the 
buccal sinus had failed to resolve. Treatment 
options were discussed with the patient, and 
surgical apicectomy was not considered due to 
anatomical constraints and patient preference. 
The tooth was subsequently obturated using 
a warm vertical compaction technique using 
gutta- percha and AH plus cement. A decision 
was made to extract the tooth, check for root 
fractures and replant it after performing an 
extra-oral root resection and retrograde filling 
(Figs.  14.5  and  14.6 ). Following extraction 
an additional apical foramen was confirmed 
in the distal root, which had been untreated 
(Fig.  14.6 ). The patient was reviewed 1 month, 
3 months, 6 months, 12 months, 24 months 
and 48 months later. The periapical radiograph 
at 48 months demonstrates good healing with 
no peri-radicular rarefactions (Fig.  14.7 ). The 
tooth remains asymptomatic.

       Case 2     Failed non-surgical root canal therapy of 
tooth 46 due to complex C-shaped anatomy 

 A 68-year-old well-controlled hypertensive 
patient was referred for endodontic management 
of tooth 46. Clinical examination revealed tooth 46 
was missing (extracted in her early teens). Tooth 47 
was mesially tilted and had a draining sinus in the 
overlying alveolar buccal mucosa. Radiographic 
examination revealed a gutta- percha sinus tracing 
associated with the peri-apex of tooth 47. A fused 
root was noted. Endodontic treatment was carried 
out. The tooth had a C-shaped canal system noted 
with confl uence of the mesial canals in the apical 
1/3rd. Chemomechanical preparation was carried 
out with supplemental ultrasonic irrigation using 
sodium hypochlorite solution. The patient had 
an inter-appointment intra-canal medicament of 
calcium hydroxide placed for 4 weeks followed 
by a review appointment. The draining sinus had 
resolved. The tooth was obturated using a warm 
vertical compaction technique using AH Plus 
cement and gutta-percha. The patient returned to 
her general dental practitioner for placement of a 
permanent cast restoration. The patient was then 
seen 2 years later for severe pain in the area. An 
extensive peri-radicular radiolucency was noted 
with the peri-apex of tooth 47. A well-fi tting 
ceramic crown restoration had been placed with 
good marginal integrity. Treatment options were 
discussed including conventional retreatment 
through the existing crown and surgical apicec-
tomy. The patient, who was very apprehensive 
in the dental setting, had decided to consider 

  Fig. 14.4    Clinical diagrams showing outcome of inten-
tional reimplantation. ( a ) Persistent periradicular disease, 
( b ) normal periodontal ligament space (healed case), ( c ) 

surface resorption, ( d ) extensive root resorption, and ( e ) 
replacement resorption       
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  Fig. 14.6    Clinical photographs showing ( a ,  b ) pre- 
operative view of tooth 46. ( c ,  d ) Extracted tooth 46 (note 
forceps beaks are not allowed to slip below the cemen-
toenamel junction) and ( e ) sterile saline solution used to 

prevent the tooth from dehydrating during extra-oral sur-
gical root resection and retrograde preparation and fi lling 
procedures       

  Fig. 14.5    Clinical radiographs demonstrating ( a ) preopera-
tive view, ( b ) master apical fi les, ( c ) sinus tracing demonstrat-
ing distal root involvement, ( d ) inter- appointment antibacterial 
dressing showing placement in distal root, ( e ) postoperative 

obturation, ( f ) immediately following intentional replantation, 
( g ) 12-month follow-up, and ( h ) 42-month follow-up. Note 
the tooth has been restored with a Nayyar amalgam core and 
amalgam cuspal coverage restoration       
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 extraction. A third option of intentional reimplan-
tation was discussed as a treatment of last resort. 
Tooth 47 was extracted with an atraumatic extrac-
tion technique. The entire extra- oral period was 
15 min, and the tooth was kept moist at all times 
using physiological saline solution. Root resection 
was carried out confi rming C-shaped anatomy. 
Ultrasonic preparation was carried out and ret-
rograde MTA fi lling placed. The tooth was reim-
planted and no splint was indicated. The patient 
was reviewed at 1 week and 4 weeks. At the 
4-week period, her symptoms had improved sig-
nifi cantly and the tooth was functional once again. 
The patient was reviewed at 6 months, 12 months, 
24 months and 48 months. The tooth remained 
asymptomatic and the peri-radicular radiolucent 
lesion had resolved. An intact periodontal liga-
ment space was noted with no evidence of root 
resorption or ankylosis both clinically and radio-
graphically (Figs.  14.8 ,  14.9  and  14.10 ).

       Case 3     Blocked MB canal in tooth 47 due to exten-
sive buccal restoration obstructing canal space 

 A 65-year-old fi t and healthy family friend 
was referred for endodontic management of tooth 
47. The patient had seen his general dental 
practitioner for an extensive buccal restoration 
which involved the mesiobuccal root canal. 
Clinical examination revealed tooth 47 had an 
extensive coronal restoration with an overlying 
buccal glass ionomer restoration. Radiographic 
examination confi rmed a bulbous root associated 
with tooth 47 with a peri-radicular radiolucent 
lesion. Non-surgical endodontic treatment was 
carried out revealing three canals. Patency was 
achieved in the ML and D canals. The MB canal 
could only be negotiated in the coronal aspect. 
The middle 1/3rd was blocked by the overlying 
buccal root restoration. Single visit endodontic 
treatment was completed using rotary Ni-Ti fi les 
and sodium hypochlorite irrigation. The canals 

ML

DL

MB

DB
midL

a b c

d e f

  Fig. 14.7    Clinical photographs demonstrating ( a ,  b ) 
 complex anatomy of mesial and distal roots (note 
 bulbosity and intentional extruded gutta-percha asso-
ciated with the disto-lingual canals), ( c ,  d ) resected 
mesial and distal roots (note MTA retrograde fi lling and 

untreated DB canal) ( green triangle ), ( e ) replantation of 
tooth 46, and ( f ) temporary splint using 3.0 Vicryl sutures. 
 ML  mesiolingual,  MB  mesio-buccal,  DB  disto-buccal,  DL  
disto-lingual,  midL  mid-lingual       

 

14 Intentional Replantation



344

  Fig. 14.8    Clinical radiographs showing endodontic man-
agement of tooth 47. Note ( a ,  b ) preoperative views dem-
onstrating draining sinus associated with periapex of tooth 
47. Fused single root anatomy may indicate a C-shaped 
canal system. ( c ,  d ) Initial and master apical fi le sizes 
showing confl uent root canal system with increased com-
plexity due to C-shaped anatomy. ( e ) Mid-fi ll radiograph 
demonstrating lateral sealer extrusion. ( f ) Final obturation 

completed using warm vertical compaction. ( g ) Double 
seal temporary restoration placed and patient referred 
back to general dental practitioner. ( h ) Patient seen 2 years 
later having had a cast ceramic restoration placed. Note 
extensive periradicular radiolucency that has not 
improved. The patient was experiencing severe pain with 
the tooth. ( i ) Immediately following intentional reimplan-
tation procedure       

  Fig. 14.10    Clinical radiographs of follow-up following 
intentional reimplantation procedure for tooth 47. Risks 
include ankylosis, root resorption, infection, and failure. 
Note ( a ) 6-month review showing signifi cant reduction in 
the periapical radiolucency. Complete healing was not 

evident. There appears to be no signs of root resorption at 
this stage. ( b ) A 12-month follow-up. ( c ) A 24-month 
follow-up. ( d ) A 48-month follow-up. Note an intact peri-
odontal ligament space is associated with the periapex of 
the tooth       
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a b

  Fig. 14.9    Clinical photographs demonstrating extracted 
tooth 47 during intentional reimplantation procedure. Note 
( a ) following root resection demonstration untreated isth-
mus between the mesial and distal canals. This was probably 

the cause of persistent infection and pain resulting in fail-
ure. Note the C-shaped root system. ( b ) Clinical picture 
showing tooth replanted into occlusion. No sutures were 
required due to minimal mobility once reimplanted       
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were obturated using a warm vertical compaction 
technique. The tooth was restored with a double 
temporary Zinc-oxide Eugenol/glass ionomer 
restoration (Fig.  14.11 ).

   A decision was made to carry out an inten-
tional reimplantation procedure at the same 
visit. The tooth was extracted with no compli-
cations. An apical 3 mm root resection was car-
ried out and retrograde preparation completed. 
Biodentine was used as a retrograde fi lling 
material (Fig.  14.12 ). The tooth was bathed in 
saline throughout the procedure. Radiographic 

 examination was carried out to check the retro-
grade fi lling procedure prior to reimplantation. 
Prior to reimplantation curettage of the socket 
was carried out with care not to disturb the 
socket walls. The tooth was gently repositioned 
in the socket and a temporary suture sling placed 
(Fig.  14.13 ). The patient reported no symptoms 
that evening and the tooth has been placed on 
long-term review. This case highlights the option 
of intentional reimplantation as a treatment of 
last resort. The tooth was compromised and the 
patient was not considering a dental implant 

  Fig. 14.11    Clinical radiographs demonstrating ( a ) preop-
erative view of tooth 47. Note extensive buccal restoration 
overlying the MB root. A periradicular radiolucency was 
noted. ( b ) Single-visit nonsurgical endodontic treatment 
using a warm vertical compaction technique using AH 
Plus cement. Note sealer extrusion associated with the ML 

canal. The MB canal could only be negotiated in the coro-
nal 1/3. ( c ) Extracted tooth demonstrating retrograde prep-
aration and fi lling prior to reimplantation. ( d ) Reimplanted 
tooth 47. Both nonsurgical endodontic treatment and reim-
plantation was carried out at the same visit. Total time for 
reimplantation was 15 min       
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following extraction. Surgical apicectomy was 
deemed to be risky given the position of the tooth 
in the arch and the compromised non-surgical 
treatment and overall restorative prognosis. The 
patient fully understood the risks associated with 
such a procedure but was keen to try and retain 
the tooth if possible.

      Case 4     Failed non-surgical root canal treatment 
of tooth 37 due to complex anatomy and root 
perforation 

 A fi t and healthy 38-year-old patient was 
referred for endodontic management of tooth 37. 
The patient had undergone root canal treatment 
with another dental practitioner 12 months previ-
ously followed by cast cuspal coverage restora-
tion. Her chief complaint at examination was of a 
gumboil and swelling in relation to this tooth 
which had been present for several weeks. 

Clinical examination confi rmed tooth 37 had a 
ceramic crown restoration in place. A buccal 
sinus was noted with 8 mm + probing profi le on 
the mid-buccal aspect. Radiographic examina-
tion confi rmed previous root canal treatment had 
been carried out. Three canals appeared to be 
obturated with the appearance of an overfi ll api-
cally and unusual mid-root anatomy. A gutta-
percha sinus- tracing radiograph was tracked to 
this area (Fig.  14.14 ).

   A provisional diagnosis of failed root canal 
therapy was made with suspected mid-root per-
foration. After a lengthy discussion, treatment 
options were discussed including non-surgical 
root canal retreatment, surgical apicectomy, 
intentional reimplantation or extraction. Risks 
and benefi ts were discussed including cost esti-
mates and prognosis. The patient agreed to an 
intentional reimplantation procedure and fully 

a b c

d e f

g h i

  Fig. 14.12    Clinical photographs demonstrating inten-
tional reimplantation procedure for tooth 47. Note ( a – c ) 
atraumatic extraction of the tooth. ( d ,  e ) Mesial and buc-

cal views of the tooth. ( f ,  g ) Apical 3 mm root resection 
procedure. ( h ) Retrograde preparation and ( i ) completed 
root resection and retrograde preparation       
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understood the inherent risks involved including 
possible crown decementation; root fracture; 
post-operative sequelae including pain, swelling, 
root resorption and ankylosis; and failure of 
treatment. At the next appointment, tooth 37 was 
atraumatically extracted. During the extraction 
procedure, the crown decemented. On visual 
inspection a C-shaped root form was confi rmed 
with overextended gutta-percha at the apex. An 
additional gutta-percha cone was noted from a 
suspected mid-root perforation. 3 mm of root 
apex was resected, and ultrasonic preparation of 

the C-shaped canal system was carried out with 
ultrasonics. MTA was placed as a retrograde fi ll-
ing. The overextended gutta- percha point was 
carefully removed from the mid-root perfora-
tion, and a further MTA fi lling was placed 
 overlying the perforation site. The tooth was 
reimplanted atraumatically. The crown was tem-
porarily recemented with Tempbond and occlu-
sion checked (Fig.  14.15 ). The patient was 
advised a soft diet, analgesics and further review 
appointments scheduled at 1 week, 4 weeks and 
6 months.

  Fig. 14.13    Clinical photographs and radiograph demon-
strating intentional reimplantation procedure for tooth 47. 
Note ( a – c ) retrograde fi lling of the tooth using Biodentine. 
( d ,  e ) Radiographic assessment of root resection and ret-
rograde fi lling procedure. ( f ) Saline bath used to prevent 

drying of the periodontal ligament cells throughout the 
procedure. ( g ,  h ) Manual repositioning of the tooth back 
into the socket. ( i ) Suture sling used to stabilize the tooth 
following reimplantation       
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     Clinical Tips and Tricks 

•     The use of intentional replantation is reserved 
for those clinical cases which are not amenable 
to root canal treatment, retreatment or surgery.  

•   Due to the risk of root resorption and possibly 
ankylosis, the patient must be warned against 
this technique if they were to consider a dental 
implant in the future.  

•   Two operators should ideally work together, 
one as the oral surgeon extracting and replanting 

the tooth and the other as the endodontist per-
forming surgical apicectomy extra-orally.  

•   Preservation of periodontal ligament cell via-
bility on the root surface is a prerequisite for 
success. Minimal trauma during extraction, 
extra-oral manipulation and replantation with 
prevention of dehydration will aid in this.  

•   Careful follow-up for 1 month, 3 months, 
6 months and yearly for 5 years should be rec-
ommended to ensure no root resorption ensues.         

a b

c d

  Fig. 14.14    Clinical photograph and radiographs dem-
onstrating intentional reimplantation procedure for 
tooth 37. Note ( a ) preoperative view demonstrating cast 
restoration and endodontic treatment that had been car-
ried out 12 months previously. ( b ) A gutta-percha sinus 
tracing radiograph was tracked to the mid-root level of 
tooth 37. ( c ) Clinical  photograph demonstrating  overlying 

buccal swelling and sinus in the attached mucosa. ( d ) 
Radiographic appearance of the mid-root level adjusted 
using digital x-ray software to provide further contrast 
( red circle ) demonstrating unusual obturation. The patient 
was informed of the possibility of either a root fracture in 
this area or iatrogenic root perforation       
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      Traumatic Injuries                     
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    Summary  

  Traumatic dental injuries occur in both young children and adults. Initial 
emergency management, correct diagnosis, treatment planning and follow-
up are essential to ensure a favourable outcome. Treatment procedures are 
aimed at minimising undesired consequences, which may lead to early loss 
of the tooth, and also alveolar bone loss, which may have a negative impact 
on future replacement options. Treatment planning often involves a multidis-
ciplinary approach, and an early endodontic opinion should be sought for the 
best possible outcome.  

    Clinical Relevance 

 Traumatic dental injuries can be classifi ed 
according to trauma affecting the hard dental 
tissues, the pulp, the periodontal tissues, the 
supporting bone, gingivae and oral mucosa. 
The most favourable outcome of any trau-
matic dental injury is healing of the pulp and 
surrounding tissues. The outcome of dental 
trauma depends on a number of factors includ-
ing type and severity of injury,  timeliness 

of care and quality of treatment  provided. 
Adherence to trauma guidelines will produce 
more favourable outcomes, including signifi -
cantly lower complication rates. Appropriate 
follow up visits are essential to ensure prompt 
treatment of complications that can arise 
several months or even years after the initial 
injury. The clinician should be aware of types 
of injuries that can occur and the best possible 
treatment directed at ensuring optimal healing 
and retention of the tooth. It is the dentist’s 
professional duty of care to provide appropri-
ate emergency treatment to stabilise the condi-
tion prior to making the decision whether to 
refer to a specialist or not. Good record-keep-
ing is mandatory since a proportion of trauma 
cases can often lead to legal proceedings for 
compensation and/or criminal convictions 
related to the injury sustained.  
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15.1     Overview of Traumatic 
Injuries 

 The World Health Organization classifi cation of 
dental trauma modifi ed by Andreasen was fi rst 
described in 1972 but has since undergone vari-
ous modifi cations making a clear distinction 
between various dental hard tissue and periodon-
tal tissue injuries. It includes injuries to the dental 
hard tissue, supporting structures, gingiva and 
oral mucosa allowing anatomical, therapeutic 
and prognostic considerations to be derived from 
the classifi cation system [ 1 ]. 

 There are eight types of dental hard tissue 
injuries described dependent on the tooth struc-
tures involved and six types of periodontal tis-
sue injuries described dependent on the force 
and direction of the impact (Table  15.1 ) [ 1 – 3 ].

   The most commonly observed injury to the 
dental hard tissues involves uncomplicated 
crown fractures of the maxillary anterior teeth 
[ 4 ]. Crown fractures account for up to 76 % of 
the dental trauma reported to the permanent 
dentition. This consists of enamel infraction, 
enamel fracture, uncomplicated crown fracture, 
complicated crown fracture and crown-root 
fractures [ 4 ]. 

 Of the periodontal tissue injuries, luxation 
injuries were consistently found to be the most 
frequent dental trauma involving the periodontal 
tissue in studies followed by subluxation. Almost 
one-third (31.6 %) of teeth suffered a combination 
of tooth fracture and luxation injury. Furthermore, 
two-thirds of all combination injuries were 
observed amongst teeth with minor luxation inju-
ries such as concussion and subluxation [ 5 – 8 ]. 

 The avulsion of permanent teeth is considered 
to be one of the most serious dental injuries to 
occur and is seen in 0.5–3 % of all dental traumas. 
In the worst case scenario the tooth is lost or 
extracted due to the complications following 
replantation. The loss of an upper central incisor 
has a signifi cant effect on dental and facial 
aesthetics due to the prominence of the maxillary 
teeth, and this can affect an individual’s self- 
esteem and general social interaction [ 9 ,  10 ]. 

 Infraction injuries are microcracks in the 
enamel (incomplete enamel fracture without 
loss of tooth structure). They can be relatively 
common as a direct result of impact trauma to a 
tooth requiring no immediate treatment. Pulpal 
complications are considered to be rare. Pulpal 
necrosis has been reported in 1.6 % of teeth with 
enamel infraction and concomitant enamel frac-
ture, whilst 2.3 % of teeth with enamel infraction 
and concomitant enamel-dentine fracture devel-
oped pulpal necrosis. Interestingly, when enamel 
infraction occurred in isolation, 3.5 % developed 
necrosis. This has been attributed to the traumatic 
impact being dissipated through the pulp rather 
than transfer of energy directly to the supporting 
tissues resulting in loss of tooth structure. The 
rate of pulpal necrosis for enamel infraction with 
a concomitant injury from a concussion or luxa-
tion injuries has been shown to range from 14.7 
to 60.0 %. Furthermore, the state of root develop-
ment has been found to be associated with the risk 
of developing pulpal necrosis (more common in 
a mature fully developed closed apex teeth). Pulp 
treatment is rarely indicated and only carried out 
following defi nitive signs and symptoms of irre-
versible pulpitis or pulpal necrosis with infection. 
The clinician should bear in mind that reactions 
to pulp sensibility testing in traumatised teeth are 
lowered immediately following trauma requiring 

   Table 15.1    The WHO classifi cation of dental trauma 
modifi ed by Andreasen   

  Dental hard tissue injury  
   Enamel infraction 
   Enamel fracture 
   Enamel-dentine fracture (uncomplicated crown 

fracture) 
   Enamel-dentine-pulp fracture (complicated crown 

fracture) 
   Crown-root fracture without pulp exposure 
   Crown-root fracture with pulp exposure 
   Root fracture 
   Alveolar fracture 
  Periodontal tissue injury  
   Concussion 
   Subluxation 
   Extrusion luxation (partial avulsion) 
   Lateral luxation 
   Intrusion luxation (central dislocation) 
   Avulsion 
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longer observation times before a defi nitive deci-
sion can be made regarding the likely status of the 
pulp. As with all traumatic injuries, further follow-
up after the initial injury is advised [ 1 ,  4 ,  11 – 14 ]. 

 Enamel fractures without the exposure of the 
dentine result in the loss of the enamel structure. 
The mesial or distal corners of the maxillary 
central incisor teeth usually sustain this type of 
injury. Since loss of tooth structure is confi ned to 
enamel, patients are asymptomatic not requiring 
emergency treatment. Pulp survival following 
enamel fractures has been found to be high 
(>99 %). However, when there is a concomitant 
luxation injury, the chances of pulp survival can 
decrease to 33.3 %. The stage of root development 
is associated with the potential of pulpal healing 
following enamel fractures. The risk of pulpal 
necrosis in teeth that suffered enamel fracture 
with incomplete root development and open 
apices was 1.0 % compared to the risk of 2.5 % in 
teeth with complete root development and closed 
apices [ 5 – 8 ,  11 – 15 ]. 

 When an enamel-dentine fracture without 
pulpal involvement occurs, the treatment objec-
tive is to maintain pulp vitality and restore aes-
thetics and function. Direct dentine exposure can 
result in discomfort from temperature changes. 
Additionally, the enamel-dentine fracture may 
result in a near pulpal exposure. Emergency 
treatment prior to defi nitive restoration includes 
protection of the exposed dentine. When the 
fractured crown is retained, bonding and reat-
tachment is considered more aesthetically desir-
able than the use of tooth- coloured restorative 
materials. The prognosis of pulpal healing has 
been reported to range from 94.0 to 100 %. Both 
extent of dentine exposure and presence of a 
concomitant injury affecting the periodontal tis-
sues can have an adverse effect on pulp survival. 
In enamel-dentine fractured teeth with a con-
comitant luxation injury, 16.8–69.9 % have been 
reported to develop pulpal necrosis [ 1 ,  11 – 16 ]. 

 The treatment of the enamel-dentine fracture 
involving the pulp (complicated crown fracture) 
is aimed at removing the possibility of bacterial 
ingress into the pulp, thereby allowing the pulp 
time to recover and repair. Various treatment 
modalities including direct pulp capping, partial 

pulpotomy and pulpectomy have been 
recommended depending on extent of pulpal 
exposure and the time elapsed between injury 
and treatment provided. 

 In young patients with immature (developing) 
teeth, it is advantageous to try and maintain pulp 
vitality by either pulp capping or partial 
pulpotomy procedures. Pulp capping is indicated 
when a small exposure is present and can be 
treated shortly after the dental trauma occurs. 
When the pulp is more severely exposed and 
there has been a time delay, then the extent of 
pulpal infl ammation may result in irreversible 
damage of the superfi cial layer of the pulp. If an 
enamel-dentine-pulp fracture occurred, the 
removal of a minimum of 2 mm of pulp beneath 
the exposure is required to remove the infl amed 
pulp. This has given rise to the procedure known 
as ‘partial pulpotomy’. Alternative levels of 
pulpal amputation are recommended based on 
the extent of pulpal infl ammation as determined 
clinically by the presence of pulpal haemorrhage 
following a dental trauma. In instances where 
pulpotomy cannot be performed due to the 
magnitude of pulpal infl ammation, pulpectomy is 
indicated. Following pulpal therapy, the fractured 
tooth can be restored in a similar manner to an 
enamel-dentine fracture. The long-term prognosis 
of the enamel-dentine-pulp-fractured tooth 
depends on the presence of other concomitant 
injuries, time elapsed between pulp exposure and 
treatment, bacterial infection and the stage of 
root development. Long-term studies of enamel- 
dentine- pulp fractures treated with partial 
pulpotomy and using calcium hydroxide showed 
a success rate of 87.5 % after a follow-up period 
of 7.5–11 years. The teeth that did not recover 
required endodontic treatment due to a new 
injury or for aesthetic purposes [ 1 ,  14 ,  17 – 20 ]. 

 Crown-root fractures involve the enamel, 
dentine and part of the root (cementum) surface 
of the tooth. The fracture line invariably passes 
subgingivally often exposing the pulp requiring 
endodontic therapy if the tooth is to be retained. 
The treatment of a crown-root fracture is chal-
lenging and further complicated by the extent of 
the subgingival fracture often requiring a multi-
disciplinary approach. Treatment options include 
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periodontal surgery to expose crown margins, 
restorative management only with extension of 
the margins of the restoration below the level 
of the gingival margin, orthodontic extrusion, 
intentional replantation (surgical repositioning), 
autotransplantation, root submergence (dec-
oronation), extraction and replacement or orth-
odontic space closure. Treatment of crown-root 
fractures can be complex and time consuming, 
but often teeth with these types of fractures can 
be saved. In an adult patient, implant replacement 
is sometimes a viable alternative. In the case of a 
growing patient with a tooth that is not restorable, 
root submergence (decoronation) may be indi-
cated to preserve the bone and allow for normal 
alveolar development prior to implant placement 
when growth is complete [ 21 – 28 ]. 

 Root fractures are relatively uncommon, mak-
ing up 0.5–7.7 % of dental trauma. The maxillary 
permanent central incisors are most frequently 
affected (up to 80 % of cases). They involve the 
cementum, dentine and the pulp and can present 
with or without clinical signs of luxation of the 
coronal fragment. The fracture can appear radio-
graphically as a single line or multiple lines 
across the root in the apical, middle or coronal 
1/3. Radiographic diagnosis of root fractures 
requires multiple views at different vertical 
angles to obtain a three-dimensional image. Root 
fractures can occur in either the cervical, middle 
or apical portion of the tooth. 

 Many root fractures heal without intervention 
in one of three modalities: hard tissue interposi-
tion, interposition of the bone and periodontal 
ligament or interposition of the periodontal lig-
ament alone. In the past, rigid splints were used 
for an extended period of time (up to 4 months); 
however, no additional benefi ts were found 
with regard to pulpal or periodontal healing. 
The prognosis of root-fractured teeth appears 
to be multifactorial related to the position of 
the root fracture, the stage of root development, 
presence of bacterial infection and the type of 
healing pattern that occurs. Pulpal necrosis of 
the coronal fragment has been reported in up 
to 25 % of teeth with root fractures. Pulp canal 
obliteration (partial or complete) may occur in 
up to 70 % of cases. Obliteration of the  apical 

root canal is commonly seen in cases of cal-
cifi ed tissue healing. When interposition of 
either the connective tissue or the connective 
tissue and bone occurs between the fragments, 
obliteration occurs more likely in both apical 
and coronal fragments. Interestingly, treatment 
delays showed no signifi cant effect on the fre-
quency and type of healing after accounting for 
factors such as root development and the extent 
of displacement. Root-fractured teeth should 
be splinted for up to 4 weeks initially and then 
reviewed. In cases where the root fracture has 
occurred, coronally extended splinting times 
may be necessary to ensure adequate stabi-
lisation and healing occurs. Follow-up will be 
required to monitor pulpal status and fracture 
healing [ 29 – 46 ]. 

 Jaw fractures can involve the base of the man-
dible or maxilla and often the alveolar process. 
Tooth involvement is common in mandibular 
and maxillary fractures and may require addi-
tional endodontic management. Nonsurgical 
treatment of bone fractures involves immobili-
sation, which for the facial bones is achieved 
with either maxillomandibular fi xation (MMF) 
using dental fi xed arch bars or direct internal 
fi xation using screws and plates. Associated 
tooth injuries are diffi cult or impossible to treat 
during immobilisation, so that some treatment is 
necessary beforehand (e.g. coverage of exposed 
dental areas, temporary fi lling of crown frac-
tures, repositioning of luxated teeth and end-
odontic treatment if the pulpal vascular supply 
is lost in the accident). Teeth in the line of a 
mandibular fracture should not be extracted as a 
fi rst-aid measure unless they impair reposition-
ing of the jaw fragments [ 47 – 54 ]. 

 Luxation injuries represent the majority of 
dental trauma in the primary teeth and are the 
second most common type of injury sustained in 
the permanent dentition. The extent of injuries to 
the periodontal tissues is largely determined by 
the resilience of the underlying periodontal 
structures. Periodontal injuries often result in 
displacement of the affected tooth. Treatment of 
the displaced tooth aims to reduce the amount of 
dislocation from the tooth socket by repositioning. 
Common endodontic complications include pulp 
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necrosis with infection, pulp canal calcifi cation, 
ankylosis and root resorption. Factors that affect 
the prognosis of luxated teeth include the degree 
of displacement, delayed treatment time, root 
maturation and concomitant crown fractures. 
Most cases of pulp necrosis in luxated teeth 
become evident with the fi rst 4 months. Root 
resorption often occurs within the fi rst 6 months 
after injury and can develop quite rapidly, 
particularly in immature teeth. Hence, frequent 
follow-up examination is recommended. In some 
cases, pulp necrosis may appear at a much later 
date, and therefore long-term follow-up is also 
essential. 

 Concussion and subluxation injuries result 
from disturbances and/or laceration of the peri-
odontal ligament fi bres with very little distur-
bance to the neurovascular supply. These teeth 
display little displacement from the bony socket 
and therefore repositioning and splinting is sel-
dom prescribed. Marked tenderness to percussion 
but no abnormal loosening or displacement of 
the traumatised tooth characterises a concussion 
injury to the supporting structures. Reported fre-
quency of pulpal necrosis ranges from 3 %, and 
2–7 % may undergo further pulp canal calcifi ca-
tions. Subluxation injuries are characterised by 
abnormal loosening of the tooth but without any 
displacement. Teeth are tender to percussion, and 
there may be some bleeding in the gingival crev-
ice. Prognosis for subluxation injuries is generally 
good. Reported frequency of pulp necrosis ranges 
from 6 to 26 %. Pulp canal calcifi cation has been 
reported to occur in 9–12 % of cases and progres-
sive root resorption in less than 2 % [ 1 ,  6 ,  55 – 59 ]. 

 Extrusive luxation of the tooth presents as a 
displaced tooth extruded from its socket. 
Emergency treatment requires repositioning and 
splinting. A delay in treatment usually results in 
diffi culty in correct repositioning due to an 
established blood clot. In teeth that suffered an 
extrusive luxation injury, 26–80 % developed 
pulpal necrosis. The stage of root development 
signifi cantly infl uenced the risk of pulpal necrosis 
development, with immature roots having a risk 
of 5.9 % compared with 56.5 % for teeth with 
complete root development. Root resorption, 
mainly in the form of infl ammatory or surface 

resorption, was consistently observed in 5.5–9.4 % 
of extruded teeth [ 1 ,  6 – 8 ,  60 – 64 ,  91 ]. 

 A lateral luxation injury is associated with a 
comminution or fracture of the alveolar socket. 
The tooth may be immobile as the injury crushes 
the bony socket walls. Emergency treatment for a 
laterally luxated tooth involves separation of the 
displaced tooth from the bony lock, reposition-
ing the tooth and then stabilisation for at least 4 
weeks. In laterally luxated teeth, the risk of devel-
oping pulpal necrosis was found to be between 
33 % and 58 % and is related to the stage of root 
development. When the roots are immature, the 
risk of developing pulpal necrosis is reported 
to be 4.7 % compared to the risk of 65.1 % for 
mature roots. External root resorption is reported 
in 27 % of laterally luxated teeth and is predomi-
nantly surface resorption. The risk of developing 
infl ammatory resorption is relatively low (0.8 %) 
[ 1 ,  5 ,  7 ,  8 ,  63 – 66 ,  91 ]. 

 Intrusive luxation injuries result in a tooth 
being displaced in an axial position into the alveo-
lar bone. This type of injury results in compression 
of the periodontal ligament and is accompanied by 
comminution or fracture of the alveolar socket. 
The emergency management of an intruded tooth 
may involve passive repositioning with sponta-
neous re-eruption or active repositioning with 
orthodontically guided eruption or surgical repo-
sitioning. For intruded teeth with immature root 
development, spontaneous eruption is preferred. 
For patients above 17 years of age, active repo-
sitioning with surgical or orthodontic interven-
tion is recommended. The type of repositioning 
depends on the stage of root development and 
also on the extent of intrusion. For teeth with up 
to 3 mm of intrusion, passive repositioning is 
recommended; for 3–7 mm intrusion cases, orth-
odontic repositioning is preferred; for more than 
7 mm of intrusion, surgical intervention is recom-
mended. Of all the periodontal injuries, intrusive 
luxations are considered to be the most severe 
due to both the disruption of the vascular supply 
and the damage to the periodontal ligament cells. 
Pulpal necrosis is observed in 44–96 % of intruded 
teeth. Additionally, root resorption is found in up 
to 80 % of intruded teeth, of which 40 % resulted 
in replacement resorption [ 67 – 73 ,  91 ]. 
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 Avulsion or exarticulation occurs when a 
traumatic injury totally displaces a tooth from 
the socket resulting in potential for periodontal 
ligament damage and alveolus fracture. 
Although the prognosis for an avulsed tooth 
must always be guarded, replantation as soon as 
possible followed by a brief period of fl exible 
splinting and endodontic therapy has been 
shown to be the most effective method of treat-
ment. The shortest extra-oral period (less than 
15 min), the minimum manipulation of the tooth 
surface and the socket and the use of an appro-
priate storage medium (milk, saliva and Hanks’ 
balanced salt solution) have been identifi ed as 
important factors that minimised subsequent 
root resorption. 

 The most common reason for unfavourable 
long-term survival of avulsed teeth is root resorp-
tion. A number of factors have been identifi ed as 
being important in the prevention and manage-
ment of root resorption associated with avulsed 
teeth including the stage of root development, the 
viability of the periodontal ligament cells and 
amount of damage sustained, the tooth storage 
conditions and the duration of time prior to 
replantation (extra-alveolar drying time). 

 The best outcome for a tooth avulsion is when 
the tooth can be replanted within a few minutes 
after the accident. The prognosis of a replanted 
avulsed tooth depends on the survival of both the 
periodontal ligament cells and the pulp. A large 
percentage of teeth that are replanted within 
15 min will result in viable periodontal ligament 
cells and potential for reattachment within a few 
weeks. The extra-oral alveolar time has been 
shown to have detrimental effects on the survival 
of the periodontal ligament cells (approximately 
20 min), and an inadequate storage medium often 
results in replacement resorption. If an avulsed 
tooth is left dry for more than 1 h, the odds of 
periodontal ligament cell survival are very poor. 
Despite the risk of ankylosis and replacement 
resorption, it may still be worthwhile replanting 
the tooth, particularly in a young patient, where 
several more years of use may be attained before 
eventual loss of the tooth [ 1 ,  10 ,  74 – 90 ]. 

 Transient apical breakdown is a process 
that can develop as a result of certain traumatic 
injuries (subluxation, extrusion and lateral 
luxation) to teeth and their supporting tissues. 
Radiographically, a periapical radiolucency 
develops with the affected tooth that resolves 
without complication and does not require any 
endodontic intervention. The incidence of tran-
sient apical breakdown is relatively low and was 
reported to be 4.2 % of luxated cases. The con-
dition was associated with either a pronounced 
radiolucency appearing spontaneously within a 
short time after injury or with a persistent expan-
sion of the periodontal ligament space progress-
ing over an extended period. During follow-up 
periods, the radicular and bony conditions either 
had returned to normal or showed evidence of 
surface resorption and/or root canal obliteration 
without further complications [ 60 ]. 

 Pulp canal obliteration (calcifi cation of 
the root canal) is a common sequel following 
luxation injuries to permanent teeth, particu-
larly teeth that have been injured before their 
root formation has been completed. Clinically, 
a yellowish discolouration of the crown may 
be observed. Pulp canal calcifi cation is also 
a common occurrence in root-fractured teeth 
occurring principally in the region of the frac-
ture and in the apical fragment. It may also 
occur in teeth associated with alveolar and jaw 
fractures. In most traumatised teeth that have 
pulps undergoing calcifi cation, the hard tis-
sue is deposited longitudinally along the den-
tinal walls of the pulp canal. This gradually 
diminishes the pulp in size until it can barely 
be observed radiographically. Endodontic treat-
ment is not indicated unless there is evidence 
of irreversible pulpitis or pulpal necrosis. Pulp 
necrosis and infection may occur up to 20 
years following injury. Assessment of the sta-
tus of the pulp is diffi cult since these teeth do 
not usually respond to thermal pulp sensibility 
testing. Most, however, do respond to electrical 
stimulus, and therefore electric pulp sensibility 
testing is the desirable method for assessing the 
status of the pulp in calcifi ed teeth [ 92 – 94 ]. 
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 Root resorption is a common sequel to den-
tal trauma and may be caused either directly 
by the traumatic incident or indirectly through 
subsequent infection. The three most common 
types of resorption following trauma include sur-
face resorption, replacement root resorption and 
infl ammatory root resorption. Surface resorp-
tion is believed to be a self-limiting response 
to a localised injury to the periodontal ligament 
or cementum. In traumatised teeth, this type of 
resorption occurs more commonly in the apical 
portion of the root and may be seen as a shallow 
rounding of the external root shape. Replacement 
root resorption, generally associated with luxated 
or replanted avulsed teeth, results in the replace-
ment of tooth structure by the bone and can be 
recognised radiographically by the diffuse nature 
of the resorption defect and the disappearance 
of the periodontal space adjacent to the area of 
the resorption. This progressive type of resorp-
tion has a very poor prognosis. Irreversible dam-
age to the periodontal ligament leads to a fusion 
between the dentine and bone with progressive 
replacement of the dentine by the bone. 

 Infl ammatory root resorption occurs as a 
result of a necrotic and infected pulp, which can 
be recognised radiographically by the develop-
ment of radiolucency in the bone adjacent to 
the resorptive defect. Removal of the infected 
pulp tissue, dressing with an anticlastic medi-
cament and subsequent fi lling of the root canal 
with gutta-percha will usually halt the resorp-
tive process [ 92 ,  95 ,  96 ]. 

 The management of dental traumatic injuries 
would be incomplete without a discussion of the 
need to fully assess a patient with dental injuries 
including dental hard and soft tissues and injuries 
to supporting tissues and to the patient as a whole. 
All traumatic dental injuries need to be followed up 
over time. Follow-up procedures include a clinical 
examination, a radiographic assessment and pulp 
sensibility testing [ 97 ]. Recommendations for 
follow-up examinations for injuries are in accord 
with those recommended by the International 
Association of Dental Traumatology [ 1 ,  14 ,  15 , 
 20 ,  27 ,  44 ,  51 ,  58 ,  60 ,  63 ,  73 ,  90 ]. 

 Routine radiographic examinations for preop-
erative, perioperative and postoperative monitor-
ing of complications and healing of dental trauma 
cases should include a parallel periapical radio-
graph with the central beam projected through 
the tooth in question and a lateral angulation 
from either the mesial or distal aspect of the 
tooth. The latter allows enhanced visualisation of 
root fractures that may not be noted when the 
beam is aimed centrally [ 98 ,  99 ]. 

 Splinting of teeth with luxation injuries, avul-
sions and root fractures is often necessary to sta-
bilise a tooth in position and to assist in periodontal 
and pulpal healing. A non-rigid fl exible splint has 
been shown to be the most desirable. An ideal 
splint should amongst other things be easily fabri-
cated in the mouth without additional trauma; be 
passive, allow for physiological mobility; be non-
irritating to the soft tissues, not interfere with the 
occlusion; allow endodontic access; and be easily 
cleaned and easily removed. Recommended 
splinting times are up to 2 weeks for most avul-
sion and luxation injuries unless they occur in 
association with alveolar fractures; up to 4 weeks 
for lateral luxation injuries, alveolar fractures and 
root fractures; and up to 4 months for cervical-
third root fractures. Many dental injuries do not 
occur singly. Thus, these splinting times cannot 
be rigorously applied. In general, splinting times 
have to be adjusted to accommodate the more 
major injuries [ 100 – 102 ]. 

 There is limited evidence for the adjunctive 
use of systemic antibiotics for luxation injuries 
and no current evidence that antibiotic coverage 
improves the outcome for root-fractured teeth. 
The use of intra-canal antibiotics and cortico-
steroids immediately after replantation appears 
to halt the progression of infl ammatory root 
resorption, although replacement resorption still 
occurs to some extent. Antibiotic coverage may 
be warranted by the patient’s medical health and/
or injuries sustained, and the decision to provide 
any coverage lies with the individual practitioner 
in line with current guidelines [ 54 ,  103 ,  104 ]. 

 Pulp sensibility testing immediately after 
trauma is an unreliable means of predicting the 
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true status of the pulp. A negative response is 
often a common fi nding immediately after the 
pulp has suffered trauma. Teeth that initially give 
a negative response may prove to respond 
positively in the coming months. Endodontic 
treatment is only indicated for those teeth in 
which pulp necrosis has occurred. At least two 
signs and symptoms (clinical and/or radiographic) 
are necessary to make the diagnosis of a necrotic 
pulp. Responses to sensibility testing need to be 
followed up over time before a defi nitive diagno-
sis of pulp necrosis is made [ 105 ,  106 ]. 

 Treatment planning for the management of 
traumatic injuries should be based on sound 
biological principles that form the basis of current 
guidelines. Careful adherence to treatment 
protocols with these goals in mind should allow 
for optimal healing and retention of the tooth 
where possible [ 107 ].  

15.2     Initial Management 
and First Aid 

 Initial management of any trauma should con-
sider the general wellbeing of the patient and 
any loss of consciousness; acute bleeding, respi-
ratory problems or neurological signs/symp-
toms may indicate life-threatening conditions 
requiring urgent medical attention. Often the 
patient presenting with dental trauma in your 
offi ce will be stable, showing normalisation 
of vital functions. The secondary survey starts 
with the initial history taking and should include 
general patient details, general medical health 
of the patient, past tetanus status and questions 
related to the injury (when, where and how the 
injury occurred). It is highly pertinent that all 
information should be obtained in chronologi-
cal order with contemporaneous notes recorded 
including time and date of the trauma. This is 
particularly relevant when an assault is alleged 
resulting in legal ramifi cations or insurance 
matters related to trauma at school or the work-
place. It is important for the clinician to calm 

and reassure the often-distressed patient prior to 
any initial examination. 

 Extra-orally simple visual inspection can 
assess facial symmetry, swelling, facial muscle 
movements (cranial nerve VII) and mouth open-
ing and deviation (including maximal inter- 
incisal distance). Clear draining fl uid from either 
the nose or ears may indicate cerebrospinal 
fl uid, which indicates severe cranial damage. 
Palpation noting any marked tenderness, bony 
steps, mobility/crepitus and facial sensation 
abnormalities (cranial nerve V) can give fur-
ther clues to any underlying facial bone frac-
tures. Numbness of the lower lip in the context 
of a facial trauma can be highly suggestive of 
a mandibular fracture. Numbness of the cheek, 
nose, upper lip or maxillary teeth may indicate a 
complex fracture involving the orbitozygomatic 
complex. Numbness of the maxillary teeth alone 
may indicate an orbital fl oor fracture affecting 
branches of the middle to anterior superior alve-
olar dental nerve. 

 Dental injuries can often result in facial or lip 
lacerations that may require suturing or referral 
to an appropriate specialist (Figs.  15.1  and 
 15.2 ). Before examination of the mouth, a thor-
ough facial examination should have been car-
ried out including assessment of frontal, 
naso-orbital, nasal, middle-third, zygomatic, 
orbital and mandibular fractures. Inability to 
open the mouth, limited opening or deviation 
may all indicate mandibular or temporomandib-
ular joint fractures. Mandibular fractures will 
usually be associated with painful, limited open-
ing, and if a condyle is involved, then the jaw 
may deviate towards the side of the fracture. A 
deranged occlusion may also indicate a fracture 
of the mandible or zygoma until proven other-
wise. Appropriate referral to an oral maxillofa-
cial surgeon may be required.

    Intra-oral examination should include assess-
ment of the crowns of the teeth (checking for 
signs of possible fracture or pulp exposure), dis-
placed teeth (luxation injuries) and missing teeth, 
occlusion disturbances and abnormal mobility of 
individual or groups of teeth and surrounding soft 
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tissues (including degloving injuries). All miss-
ing teeth and fragments should be accounted for 
(Figs.  15.1  and  15.2 ). 

 Radiographic assessment will be invaluable 
in the diagnosis and management of dental 
trauma. Extra-oral plain fi lm radiography or 
cone beam computer tomography is indicated 
when suspected facial fractures including jaw 
and condylar fractures are suspected. Soft tissue 
radiographic assessment is indicated when tooth 

fragments or foreign objects might have been 
embedded into the lips. Pretreatment radio-
graphs are essential to determine the size of 
pulp chamber, the stage of root development 
and the appearance of the periodontal ligament 
and presence of any root fractures. Parallel peri-
apical radiographs are also essential to monitor 
any changes in the pulp space, resorption and 
calcifi cations that may indicate future therapeu-
tic intervention.  

a b

c d

e f

  Fig. 15.1    Clinical photographs demonstrating soft tissue 
lacerations associated with traumatic injuries. Note: ( a ,  b ) 
lacerations affecting lips – simple resorbable sutures can 
be used for primary closure. Deep sutures may be required 
for muscle repair. ( c ) Laceration affecting the upper lip 
with vermillion border involvement. Correct suturing will 

be required to align vermillion border with appropriate 
skin sutures. ( d ) De-gloving injury affecting the alveolar 
mucosa. ( e ,  f ) Uncomplicated maxillary central incisor 
crown fractures embedded in the lower lip (Pictures 
courtesy of Drs K Dang, A Timmermann, and D Felman)       
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15.3     Crown Fractures 

  Enamel infraction  
  Clinical and radiographic fi ndings  
 An incomplete fracture (crack) of the enamel has 

occurred without loss of tooth structure (Fig.  15.3 ). 
The use of indirect light or transillumination or dyes 
may help visualise the craze line. Clinical examina-
tion reveals no abnormal tenderness to percussion 
or palpation. Radiographic appearance reveals no 
abnormalities.

    Treatment objectives  
 Often no treatment is usually indicated. In 

cases of marked infraction, etching and sealing 
with a composite resin may prevent future disco-
louration of the fracture line. 

  General prognosis  
 Pulpal complications are rare. 
  Recommended follow-up  
 No further follow-up is generally needed.

a b

c d

  Fig. 15.2    Clinical photographs demonstrating soft tissue 
lacerations associated with traumatic injuries. Note: ( a ,  b ) 
facial laceration affecting right infraorbital area with 
swelling and bruising. ( c ,  d ) Intraoral injury. A 

complicated crown fracture affecting tooth 11; an 
uncomplicated crown fracture associated with tooth 12 
(Pictures courtesy of Dr K Dang, A Timmermann, and D 
Felman)       

 

G. Minhas and B. Patel



363

a

b

c

a

b

c

  Fig. 15.3    Diagrams representing the different types of 
crown/root fractures that may present following a traumatic 
injury. ( a ) Enamel infraction requiring no treatment. ( b ) 
Uncomplicated crown fracture – enamel only. Reattachment 

of the tooth fragment or tooth colored restoration will protect 
the underlying pulp. ( c ) Uncomplicated crown fracture – 
enamel and dentine. Dentinal tubule exposure can result in 
sensitivity and pulpal infl ammation if left untreated       
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a a

b b

c c

  Fig. 15.4    Diagrams representing the different types of 
crown/root fractures that may present following a traumatic 
injury. ( a ) Complicated crown fracture – enamel, dentine, 
and pulp. Treatment options include either pulp preserva-
tion procedures (direct pulp capping or Cvek pulpotomy) or 
pulpectomy procedures. Pulp preservation should be 

attempted in immature teeth with incomplete root develop-
ment. Conversely, in mature teeth with extensive loss of 
tooth structure, root canal therapy is sagacious before cast 
restoration. ( b ) Complicated crown- root fracture – enamel, 
dentine, and pulp. ( c ) Uncomplicated crown-root fracture – 
enamel and dentine only       
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    Enamel fracture (uncomplicated)  
  Clinical and radiographic fi ndings  
 Clinical fi ndings reveal loss of tooth structure 

confi ned to enamel (Fig.  15.3 ). Clinical examina-
tion reveals the tooth exhibits no abnormal pain 
or tenderness. Normal mobility is noted and pulp 
sensibility testing is normal. Radiographic exam-
ination of the soft tissues (lips) may be recom-
mended to rule out the presence of any tooth 
fragments or foreign material potentially dis-
placed into the lips. Two periapical fi lms should 
be taken with either a mesial or distal tube shift to 
rule out the presence of any underlying root 
fractures. 

  Treatment objectives  
 The aim of any proposed treatment is to main-

tain pulp vitality and restore aesthetics and func-
tion. Minor fractures or rough margins/edges 
should be smoothed. If the tooth fragment is 
available, then re-bonding may be possible using 
composite resin and the acid-etch technique. 
When unavailable, restoration with a composite 
resin restoration will achieve the desired aes-
thetic outcome. 

  General prognosis  
 Overall prognosis is good although any con-

comitant periodontal injury sustained can have an 
adverse affect on outcome. 

  Recommended follow-up  
 Due to the unpredictability of dental trauma, 

pulp vitality testing should be carried out both 
immediately after the occurrence of the injury 
and again in 6–8 weeks and 1 year. 

  Enamel-dentine fracture (uncomplicated)  
  Clinical and radiographic fi ndings  
 Crown fractures involving enamel and dentine 

without pulpal exposure are called uncompli-
cated crown fractures (Figs.  15.3  and  15.5 ). 
Clinical examination reveals loss of tooth struc-
ture confi ned to enamel and dentine with poten-
tial exposure of dentinal tubules that can lead to 
pulpal infl ammation. Radiographic examination 
confi rms enamel-dentine loss. Soft tissue radio-
graphic examination of the lips may be indicated 
to ensure no fragments are present. Presence of 
root fractures should also be assessed using two 
parallel periapical radiographs with mesial or 
distal cone shift technique.

a b

c d

  Fig. 15.5    Clinical photographs demonstrating uncompli-
cated crown fractures. Note ( a ,  b ) uncomplicated crown 
fracture affecting tooth 11 restored with composite resin 

restoration. ( c ,  d ) Uncomplicated crown fractures affect-
ing teeth 11 and 21 with appropriate restorations (Pictures 
courtesy of Drs K Dang and A Timmermann)       
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    Treatment objectives  
 The aim is to preserve the vitality of the under-

lying pulp by sealing the exposed dentinal tubules 
and restore aesthetics and function for the patient. 
If the tooth fragment is available, it may be pos-
sible to reattach the fragment; otherwise, direct 
application of dentine bonding agents and the use 
of bonded tooth-coloured restorations will be 
effective. Reattachment of the tooth fragment 
requires isolation of the tooth under rubber dam. 
Both the tooth fragment and fractured tooth 
should be cleaned with pumice and water prior to 
reattachment. Accuracy of fi t should be checked 
prior to the use of acid-etch technique according 
to manufacturer directions and type of bonding 
system used. Cases where exposed dentine 
encroaches to within 0.5 mm of the underlying 
pulp (determined by visible pink pulp tissue 
beneath the exposed dentine) will require appli-
cation of an indirect pulp capping material. 

  General prognosis  
 The survival of the pulp and formation of tertiary 

dentine (reactionary) or pulpal necrosis depend on a 
number of factors including residual dentine thick-
ness, age of the patient, concomitant periodontal 
injury and the length of time between trauma and 
treatment intervention. The overall prognosis for 
these types of fractures is generally good. 

  Recommended follow-up  
 Periodic evaluation is necessary to determine 

pulpal status and whether pulp necrosis has 
developed. The patient should be reviewed 6–8 
weeks following treatment and at 1 year. 

  Crown fracture (complicated)  
 An enamel-dentine fracture with pulp 

exposure. 
  Clinical and radiographic fi ndings  
 Crown fractures involving enamel, dentine 

and pulp are known as complicated crown frac-
tures (Fig.  15.4  and  15.6 ). The degree of pulpal 
involvement can range from a pinpoint exposure 
to complete coronal pulp exposure. Clinically the 
exposed pulp may be sensitive to stimuli. 
Radiographic examination confi rms pulpal 
involvement.

    Treatment objectives  
 Following pulp exposure, bacterial contami-

nation precludes any healing and repair unless 

the exposure is treated and protected. The initial 
 reaction to pulpal exposure is haemorrhage at 
the site followed by a superfi cial infl ammatory 
response. The longer the pulp is exposed before 
adequate protection, the greater the risk of either 
destructive (necrosis) or proliferative changes 
(pulpal polyp). Treatment modalities include 
direct pulp capping procedures, partial pulpotomy 
(Cvek), and full pulpotomy or pulpectomy pro-
cedures. Vital pulp therapy procedures in young 
patients with immature developing, thin, weak 
roots offer the potential for continued root devel-
opment. Conversely in the fully developed perma-
nent dentition, pulpectomy procedures may offer 
a better chance of success rather than risking the 
development of apical periodontitis following 
direct pulp capping or pulpotomy procedures. 

  General prognosis  
 Overall prognosis of attempts to maintain pulp 

vitality as opposed to complete pulpectomy pro-
cedures is dependant on any underlying concom-
itant periodontal injury sustained, age of the pulp 
exposure and stage of root development (incom-
plete versus complete). Treatment modalities 
aimed at preserving pulp tissue may result in 
either failure in the future or degenerative pulp 
changes such as pulpal calcifi cation. 

  Recommended follow-up  
 Periodic evaluation both clinically and radio-

graphically should be carried out at 6–8 weeks 
and 1 year following treatment. Pulp preservation 
treatments should be assessed for continued pulp 
vitality ensuring necrosis has not developed. 

  Crown-root fracture  
 An enamel, dentine and cementum fracture 

with or without pulpal exposure. 
  Clinical and radiographic fi ndings  
 Enamel, dentine and cementum fracture is 

present with or without pulpal exposure 
(Fig.  15.4 ). The crown fracture will extend below 
the gingival margin. Clinical examination reveals 
percussion tenderness. The coronal tooth 
fragment may be mobile, attached to the gingivae 
and displaced with or without pulpal exposure. 
Radiographic examination may reveal a radiolu-
cent oblique line often detected following the use 
of more than one fi lm using different angulations 
(horizontal or vertical). 
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  Treatment objectives  
 Depending on the extent of the fracture, sev-

eral different treatment options are available. 
Emergency treatment requires stabilisation of 
the coronal fragment. Defi nitive treatment 
depends on the extent of the fracture. The most 
conservative approach includes removal of the 
coronal fragment followed by supragingival 
restoration. Fragment removal and gingivec-
tomy may be indicated if the fracture extends 
below the gum. Root canal treatment will often 
be required prior to further crown lengthening 
and post and core restoration. Following 
removal of the fractured coronal fragment and 
endodontic stabilisation, the apical root may be 
extruded using either a surgical approach or 
orthodontics prior to restoration. Suffi cient root 

length must be available after extrusion to sup-
port a post- retained crown. If the remaining 
tooth structure is deemed unrestorable, then 
either root submergence or extraction and 
prosthodontics replacement can be carried out. 
The former is acceptable in cases where 
implants are planned in the future and alveolar 
ridge preservation is desirable. 

  General prognosis  
 The long-term success in either no pulp or 

pulp involvement will be dependant on the 
restorative outcome and ability to maintain a 
coronal seal. Due to the loss of signifi cant tooth 
structure and restorability issues, the prognosis is 
deemed to be guarded. 

  Recommended follow-up  
 6–8 weeks and 1 year initially  

a b c
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  Fig. 15.6    Clinical photographs and radiographs demonstrat-
ing complicated crown fractures (enamel- dentine- pulp inju-
ries). Note: ( a – c ) complicated crown fracture affecting tooth 

21. ( d – f ) Complicated crown fracture affecting tooth 21. ( f – h ) 
Complicated crown fracture affecting tooth 21 (Pictures cour-
tesy of Drs K Dang, A Timmermann, and D Felman)       
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15.4     Root Fractures 

  Root fracture  
  Clinical and radiographic fi ndings  
 Horizontal or oblique root fractures involving 

the dentine, cementum and pulp. They can be sub-
classifi ed according to the location of the fracture 
line (apical, middle or coronal) (Fig.  15.7 ).

   Clinical fi ndings reveal a mobile coronal seg-
ment attached to the gingivae that may be dis-
placed. Bleeding may be evident in the gingival 
sulcus and the tooth may or may not be tender 
to percussion. Initial sensibility testing may be 
negative indicating transient or permanent nerve 
damage. Monitoring of the pulp status is rec-
ommended. Clinically if some time has elapsed 
since injury and presentation, then transient 
crown discolouration may be evident (grey/red). 
Multiple radiographs exposed at different angu-
lations may be required to confi rm the presence 
of a root fracture. Either a horizontal or oblique 
fracture involving the root of the tooth may be 
evident with possible separation of root frag-
ments. Often fractures that are in the horizontal 

plane in the cervical 1/3 can be detected using 
a regular 90° angle fi lm with the central beam 
through the tooth. If the plane of the fracture 
is more oblique (as in apical or middle 1/3 root 
fractures), then additional fi lm angulations will 
be necessary to visualise the fracture line. 

  Treatment objectives  
 If the coronal fragment is displaced, then it 

should be repositioned with a non-rigid semi- 
fl exible splint for 4 weeks. Coronal 1/3 frac-
tures may require additional splinting for up to 
4 months to allow for healing of the periodon-
tal ligament. If the fracture line is in the apical 
1/3 and there is no mobility and the tooth 
remains asymptomatic, then no treatment will 
be indicated. Repositioning of fragments 
should be confi rmed radiographically ensuring 
correct anatomical apposition to allow for opti-
mal healing of both periodontal ligament and 
neurovascular supply whilst maintaining form, 
function and aesthetics. If pulpal necrosis 
develops, then root canal treatment of the coro-
nal segment to the fracture line is indicated 
(Fig.  15.8 ).

a b c

  Fig. 15.7    Diagrams representing the different types of root fractures that may present following a traumatic injury. ( a ) 
Root fracture in the apical 1/3, ( b ) root fracture in the middle 1/3, and ( c ) root fracture in the coronal 1/3       
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    General prognosis  
 Healing of fractures when repositioned occurs by 

either hard calcifi ed tissue, interposition of connective 
tissue, interposition of the connective tissue and bone 
or interposition of granulation tissue. Middle-third 
fractures are considered to have the best prognosis, 
whereas fractures located close to the gingival crevice 
(coronal 1/3) have the poorest outcome. Pulp necrosis 
in root- fractured teeth is attributed to displacement of 
the coronal fragment and mature root development. In 
young patients with immature root formation, positive 
pulp sensibility testing at the time of injury and 
approximation of fractured segments to within 1 mm 
have been found to be advantageous to both pulpal 
healing and hard tissue repair at the fracture site. 

  Recommended follow-up  
 Splinting periods range from 4 weeks to 4 

months depending on location of the fracture 
line. Recommended follow-up should be car-
ried out at 6–8 weeks and 4-month, 6-month and 
12-month periods after initial treatment. During 
the healing period within the fi rst year, the pulpal 
status should be assessed, bearing in mind that 
false-negative responses may be possible for up 
to 3 months. The radiographic appearance of 
healing of the fracture with hard calcifi ed tissue 
results in a discernible line with close contact of 
the fragments. Healing with interproximal con-
nective tissue results in fractured fragments sepa-
rated by a narrow radiolucent line with rounding 

a
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  Fig. 15.8    Clinical photographs and radiographs 
demonstrating middle 1/3 root fracture of tooth 11 and 21 
and its management. Note ( a ) preoperative parallel view 
of the anterior maxillary teeth. Discernible fracture line 
evident in tooth 11. ( b ) Vertical tube shift revealing 
additional fracture line in tooth 11. ( c ) Repositioning of 
fractured segments with a semirigid splint. ( d ) The splint 
was removed following a period of 2 months. The patient 
was reviewed a further 6 months later. Note pulp canal 

obliteration seen in both teeth. Good alignment of the 
fractures has occurred. Both teeth remain vital responding 
to thermal stimulus (CO 2  snow) and electric pulp testing. 
Clinically the teeth were fi rm with no tenderness to 
palpation or percussion. The patient was placed on long- 
term review to monitor pulpal status. ( e ) Clinical 
photograph of splint in place and ( f ) following splint 
removal (Pictures courtesy of Drs K Dang and A 
Timmermann)       
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of the fracture edges. Healing with interproximal 
bone and connective tissue results in fragments 
separated by an obvious bony bridge. No healing 
with infl ammatory interproximal tissue results in 
a widened fracture line with/without a develop-
ing radiolucency.  

15.5     Alveolar Process Fractures 

  Clinical and radiographic fi ndings  
 Alveolar process fractures are classifi ed as 

either closed fractures or comminution (crushing 
or compression) that involves the socket walls 
(Fig.  15.9 ). Clinical examination may confi rm 
segment mobility and dislocation with several 
teeth moving together. A deranged occlusion 
may be evident. The use of horizontal tube-shift 
radiographs with an additional panoramic 
radiograph may be helpful in determining the 
course and position of the fracture line.

    Treatment objectives  
 The displaced segment should be reposi-

tioned to reduce the fracture followed by stabi-
lisation by splinting for 4 weeks. Any gingival 
lacerations should be sutured. Fracture stabili-
sation should be carried out as soon as possible 

to reduce the chance of pulpal necrosis of teeth. 
Teeth involved in the fracture line should not be 
routinely extracted since they help in stabilisation 
(Figs.  15.10  and  15.11 ).

     General prognosis  
 Teeth involved in the fracture line should be 

pulp tested and followed up to assess whether 
vitality is maintained. 

  Recommended follow-up  
 Due to the risk of pulp complications 

associated with teeth in the fracture line, careful 
follow-up is recommended at 6–8-week and 
4-month, 6-month and 12-month periods after 
initial treatment.  

15.6     Luxation Injuries 

 Tooth luxation injuries from least to most 
severe are concussion, subluxation, extrusive 
luxation, lateral luxation and intrusion 
(Fig.  15.12 ). With the exception of concussion 
injuries, luxation injuries frequently result in 
pulpal necrosis requiring root canal treatment. 
The fundamental basis of all treatment modali-
ties is to reposition the tooth in the correct 
position to allow for optimal healing. 
Prognostic factors for pulpal survival include 

a b

  Fig. 15.9    Fracture of the alveolar process; ( a ) or ( b ) may 
not involve the alveolar socket. Teeth associated with 
alveolar fractures are characterized by mobility of the 

alveolar process; several teeth typically will move as a 
unit when mobility is checked. Occlusal interference is 
often present       
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a
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  Fig. 15.10    Clinical photographs and radiographs demon-
strating dentoalveolar fracture in regions 41, 42, and 43. Note: 
( a ,  b ) preoperative views demonstrating deranged occlusion 
with obvious dentoalveolar fracture. ( c ) Rigid splinting in 

position. ( d – f ) 4 months have elapsed since splint placement. 
Occlusion is restored and splint has been removed. Teeth 41, 
42, and 43 remain vital with no signs of pulp necrosis (Pictures 
courtesy of Drs K Dang and A Timmermann)       
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  Fig. 15.11    Clinical photographs and radiographs demon-
strating dentoalveolar fracture in the lower anterior region 
extending from 42 to 32. Note: ( a ) preoperative view dem-
onstrating displaced anterior segment with deranged occlu-
sion. ( b ) Rigid splint fi xation used to realign lower anterior 
teeth. ( c ) Splint in position at 3-month review. ( d ) 

Preoperative lower occlusal radiograph demonstrating peri-
apical appearance due to alveolar segment displacement. ( e ) 
Following rigid splinting after 3-month interim period. 
Pulpal sensibility testing using electric pulp testing and ther-
mal stimulus indicate teeth remain vital (Pictures courtesy 
of Drs K Dang and A Timmermann)       
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the stage of root development (immature vs. 
mature) or size of apical foramen (wide open 
apex vs. closed fully developed), length of the 
pulp, age of the patient, type of injury sus-
tained, bacterial contamination of the peri-
odontal ligament and pulp and optimal 
repositioning of displaced teeth.

   Trauma and severity related to the type of 
injury sustained ultimately affect both the blood 
supply and neurovascular bundle at the apical 
foramen. Teeth with immature root develop-
ment with large apical foramina have a greater 
potential for recovery compared to mature fully 

developed teeth where pulpal revascularisation 
(regrowth of new blood vessels and vital cells 
into the severed pulp) may be limited. 

 In luxation injuries, stabilisation may be nec-
essary to reposition the tooth in its correct posi-
tion. This should be done in a gentle manner 
without excessive forces to ensure further trauma 
is kept to a minimal and when carried out the 
sooner after the injury, the better. Current con-
cepts regarding splinting of traumatised teeth 
(luxation injuries, root fractures and avulsions) 
are to use a splint that permits some mobility of 
the injured tooth/teeth. The splint is termed 

a b c

d e f

  Fig. 15.12    Diagrams representing traumatic dental injuries sustained to the tooth supporting structures (periodontal 
injury). Note: ( a ) concussion, ( b ) subluxation, ( c ) lateral luxation, ( d ) intrusion, ( e ) extrusion, and ( f ) avulsion       
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 non- rigid and functional which allows for heal-
ing of damaged periodontal ligament fi bres with 
less resorption compared to traditional rigid 
splints of the past. Orthodontic wires bonded to 
crowns of teeth using composite are suffi cient for 
most cases. 

 In immature teeth with incomplete root 
development, the treatment objectives are to 
promote pulpal healing, revascularisation and 
continued root development. Initially displaced 
teeth with pulpal injuries may have temporary 
ischaemia and subsequent coagulation necrosis, 
which would account for negative sensibility 
testing in the fi rst few months. Provided the 
teeth are protected from bacterial invasion, then 
the potential for revascularisation and restora-
tion of pulp vitality is possible. Maintenance of 
pulp vitality for immature teeth is essential for 
continued root development, and current treat-
ment modalities should be applied to safeguard 
this concept. 

  Concussion  
 Injury to the tooth-supporting structures has 

occurred without abnormal loosening or 
displacement of the tooth (Fig.  15.12 ). 

  Clinical and radiographic fi ndings  
 Concussion is the mildest form of injury to the 

periodontal ligament characterised by sensitivity 
to percussion only. The periodontal ligament 
absorbs the injury resulting in infl ammation. No 
abnormal loosening or displacement of the tooth 
is evident. Pulp sensibility testing will be normal. 
Radiographic examination reveals no abnormali-
ties. Two baseline radiographs should be taken 
with different-angled views to rule out the possi-
bility of other injuries to the tooth itself. 

  Treatment objectives  
 Concussion injuries do not require any imme-

diate treatment as such. The aim of treatment is to 
optimise periodontal healing and maintain pulp 
vitality. The patient is instructed to rest the tooth 
as much as possible with a soft diet for up to 1 
week. 

  General prognosis  
 The overall prognosis should be good. Teeth 

should be monitored for development of pulpal 
necrosis confi rmed by sensibility testing, colour 
changes and radiographic appearance. 

  Recommended follow-up  
 Pulp status should be monitored at 4 weeks, 6 

weeks and 12 months following initial presentation. 
  Subluxation  
  Clinical and radiographic fi ndings  
 Injury to the tooth-supporting structures has 

occurred with abnormal loosening but without 
any tooth displacement (Fig.  15.12 ). Pulp sensi-
bility testing should be normal and no radio-
graphic abnormalities should be seen. 

  Treatment objectives  
 The treatment objectives are to optimise heal-

ing of the periodontal ligament and maintain pulp 
vitality. Tooth stabilisation with a fl exible splint 
for up to 2 weeks may be required with recom-
mended soft diet for up to 1 week (Fig.  15.13 ).

    General prognosis  
 General prognosis should be good. There is a 

greater risk of pulp necrosis in fully developed 
teeth due to associated injuries at the apex of the 
tooth. 

  Recommended follow-up  
 The patient should be periodically followed 

up at 4 weeks, 6–8 weeks and 12 months follow-
ing initial treatment. 

  Extrusive luxation  
  Clinical and radiographic fi ndings  
 Partial displacement of the tooth has occurred 

axially from the socket (partial avulsion). The 
periodontal ligament is usually torn. Clinically 
the tooth will appear elongated with excessive 
mobility (Figs.  15.12  and  15.14 ). Pulp sensibility 
testing is likely to give negative results. 
Radiographic examination reveals an increased 
periodontal ligament space apically.

    Treatment objectives  
 To promote healing of the periodontal liga-

ment and neurovascular supply, repositioning of 
the tooth as soon as possible followed by stabili-
sation with a fl exible splint for up to 2–3 weeks is 
recommended (Fig.  15.14 ). In mature teeth with 
closed apices, the risk of pulpal necrosis is high. 
Root canal treatment should be considered when 
signs and symptoms of pulpal necrosis ensue. 

  General prognosis  
 In mature teeth with closed apices and com-

plete root development, the risk of pulp necrosis 
and pulp canal obliteration is high. 
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  Recommended follow-up  
 The patient should be reviewed at 4-week, 6–8-

week, 6-month and 12-month periods following 
initial treatment. Radiographic follow-up will also 
be required to ensure that external infl ammatory 
root resorption has not occurred. 

  Lateral luxation  
  Clinical and radiographic fi ndings  
 Displacement of the tooth has occurred in a 

direction other than axially. The periodontal 
ligament is torn and contusion or fracture of the 
supporting alveolar bone occurs (Fig.  15.12 ). 
Clinically the tooth has been displaced laterally 

with the crown either in a palatal or buccal direc-
tion, and the tooth may be locked in this new 
position. The tooth may be nonmobile with no 
tenderness to percussion. A high metallic sound 
may be evident on percussion testing indicating 
ankylosis. Alveolar fracture may also be present. 
Pulp sensibility testing is likely to be negative. 
Radiographic fi ndings indicate an increase in the 
periodontal ligament space with displacement of 
the apex towards or through the labial bone plate. 

  Treatment objectives  
 Repositioning of the tooth is desired as soon 

as possible, and stabilisation of the tooth in its 
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  Fig. 15.13    Clinical photographs and radiographs demon-
strating subluxation injuries. Note: ( a – c ) subluxation asso-
ciated with tooth 21. Note tell-tell sign of bleeding at the 
gingival margin indicating subluxation injury. No discern-
ible features usually noted on the radiograph. A semirigid 
splint is placed for 7–10 days to allow for patient comfort 

and uneventful healing to take place. ( d ) Subluxation inju-
ries to teeth 21, 11, 12, and 13. ( e ) Post-splint radiograph 
as a baseline record. ( f ) Semirigid splint placed for 10 
days. ( g ) Prior to splint removal. ( h ,  i ) Radiographic and 
clinical examination at 6 months post trauma (Pictures 
courtesy of Drs K Dang and A Timmermann)       
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anatomically correct position using a fl exible 
splint for 2–4 weeks is recommended in order to 
facilitate optimal healing of the periodontal 
ligament and neurovascular supply whilst 
maintaining aesthetic and functional integrity. 
Repositioning should be done with fi rm digital 
pressure using minimal excessive forces. 
Occasionally a displaced tooth may require 
disimpaction and extrusion to free itself from the 
apical lock in the cortical bone. The use of 
forceps to disengage the tooth from the bony lock 
may be required if digital manipulation is 
unsuccessful. Pulp status is monitored and root 
canal treatment commenced if signs and 
symptoms indicate pulp necrosis (Fig.  15.15 ).

    General prognosis  
 Common healing complications include pulp 

necrosis and pulp canal obliteration especially in 
mature teeth with closed apices and fully 
developed roots. Development of external 
infl ammatory root resorption or replacement 
resorption can occur. 

  Recommended follow-up  
 Due to pulpal complications, clinical 

monitoring of pulp status and radiographic 
follow-up will be required at 4-week, 6–8-week, 
6-month and 12-month periods following initial 
treatment. 

  Intrusion  
  Clinical and radiographic fi ndings  
 Apical displacement of the tooth has occurred 

into the alveolar bone. The tooth is driven into 
the socket, compressing the periodontal liga-
ment and commonly causing a crushing frac-
ture of the alveolar socket (Fig.  15.12 ). Clinical 
examination revealed the tooth in question 
may appear shortened or missing. The tooth 
is often nonmobile and non-tender to percus-
sion. Radiographic fi ndings confi rm the tooth 
has been displaced apically, and the periodon-
tal ligament space does not appear to be con-
tinuous. The cement-enamel junction of the 
intruded tooth will appear to be located more 
apically when compared to the adjacent non-
injured tooth. 

  Treatment objectives  
 The tooth should be repositioned in the cor-

rect anatomical position followed by stabilisa-
tion using a fl exible splint for a 2–4-week 
period. Teeth with incomplete wide-open api-
ces should be allowed to undergo passive repo-
sitioning by spontaneous re-eruption. If the 
intrusion is greater than 7 mm, then either sur-
gical or orthodontic repositioning may be 
required. Teeth that have undergone complete 
root development and intrusion of less than 

a b

  Fig. 15.14    Clinical photographs demonstrating extrusive 
luxation injury affecting tooth 21. Note: ( a ) preoperative 
view demonstrating partial extrusion of tooth 21. ( b ) 
Semirigid splint fi xation used to reposition extruded tooth. 

The splint will be removed at 4–6 weeks, and provided 
there is no excessive mobility, the tooth will be monitored 
for signs of pulpal necrosis (Pictures courtesy of Drs K 
Dang and A Timmermann)       
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3 mm should be allowed to undergo active erup-
tion with no intervention to minimise further 
pulp and periodontal ligament damage. If no 
movement has occurred after 2–4 weeks, then 
orthodontic or surgical repositioning will be 
required before ankylosis develops. If tooth 
intrusion is greater than 7 mm, then surgical 
repositioning will be indicated. After surgical 
repositioning, the tooth may require additional 
stabilisation with a fl exible splint for a further 
4–8 weeks. Mature teeth that have sustained 

intrusion injuries have a high chance of pulp 
necrosis developing. In particular, teeth that 
have undergone surgical repositioning will 
often require pulpectomy procedures 2–3 weeks 
after repositioning (Fig.  15.16 ).

    General prognosis  
 In mature teeth with closed apices and fully 

developed roots, there is considerable risk of 
developing pulpal necrosis, pulp canal oblitera-
tion and progressive root resorption (external 
infl ammatory and replacement resorption). 
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  Fig. 15.15    Clinical radiographs demonstrating lateral 
luxation injury affecting tooth 21. Note: ( a ) long-cone 
parallel periapical of tooth 21 and ( b ) vertical tube shift to 
check for any root fractures. ( c ) A peri-radicular 
radiolucency is evident surrounding the periapex of the 
tooth confi rming a lateral luxation injury. The tooth will 
need to be ideally manually repositioned. Occasionally 
the tooth may require surgical repositioning with forceps 

to disengage the tooth. Complete root development has 
occurred indicating that the chance of pulp survival is 
diminished. Follow-up will be required to ascertain 
whether the pulp survives. ( d – g ) Lateral luxation injury to 
tooth 11 and avulsion injury of tooth 21. Tooth 21 has 
been replanted and 11 repositioned into correct position 
prior to semirigid fi xation (Pictures courtesy of Drs K 
Dang and A Timmermann)       

 

G. Minhas and B. Patel



377

  Recommended follow-up  
 Due to the high risks of pulp necrosis develop-

ing, close monitoring and follow-up are recom-
mended. The patient should be reviewed at 4 
weeks, 6–8 weeks, 6 months and 12 months 
thereafter following initial treatment.  

15.7     Avulsion Injuries 

 Complete displacement of the tooth has occurred 
out of the socket. The periodontal ligament is 
severed and fracture of the alveolus may occur 
(Figs.  15.17 ,  15.18 , and  15.19 ).

      Immediate management at site of injury/
telephone advice  

 An avulsed permanent tooth is one of the few 
real emergency situations in dentistry, and all den-
tists should have prior knowledge as to the man-
agement of such cases. Immediate management of 
an avulsed tooth includes the following points:

    1.    If a tooth is avulsed, check whether it is a per-
manent or primary tooth. Primary teeth should 
not be replanted due to risk of damaging the 
permanent successor.   

   2.    Find the tooth and pick it up by the crown (the 
white part) and avoid touching any part of the 
root.   

   3.    If the tooth is dirty, wash it briefl y (maximum 
time 10 s) under cold running water prior to 
repositioning.   

   4.    Try to encourage the patient/guardian to 
replant the tooth. Once the tooth is back in 
place, ask the patient to bite on a handkerchief 
to hold it in position.   

   5.    If this is not possible, for example, in an 
unconscious patient, then place the tooth in a 
glass of milk or another suitable storage 
medium and bring it with the patient to the 
emergency clinic. The tooth can also be 
transported in the mouth, keeping it inside the 
lip or cheek if the patient is conscious. If the 
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  Fig. 15.16    Clinical photographs and radiograph dem-
onstrating intrusive luxation injury affecting tooth 12. 
Note: ( a ,  b ) preoperative views demonstrating partial 
intrusion of tooth 12. ( c ) Periapical radiograph show-
ing intruded lateral incisor tooth. ( d ) Repositioned tooth 

and ( e )  semirigid splint fi xation used. The splint will be 
removed at 4–6 weeks, and provided there is no exces-
sive mobility, the tooth will be monitored for signs of 
pulpal necrosis (Pictures courtesy of Drs K Dang and A 
Timmermann)       
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patient is very young, it is advisable to get the 
patient to spit in a container and place the 
tooth in it due to the risk of ingestion or inha-
lation of the tooth. Avoid storage in water.   

   6.    If there is access at the place of accident to 
special storage or transport media (e.g. tissue 
culture/transport medium, Hank’s balanced 
salt solution (HBSS) storage medium or 
saline), such media can preferably be used.   

   7.    Seek emergency dental treatment immediately.     

  Treatment guidelines for avulsed perma-
nent teeth  

 The management of avulsion injuries is 
related to root maturation (open or closed apex) 
and whether the periodontal ligament (PDL) 
cells have survived. The condition and viability 
of the cells is dependent on the extra-oral time 
the tooth has remained out of the mouth (extra-
oral dry time) and the storage medium used. 

After an extra-oral dry time of 60 min or more, 
all PDL cells can be considered non-viable. For 
this reason, it is very important to assess from the 
patient’s history the extra-oral dry time and type 
of storage medium used. 

 Prior knowledge of the extra-oral dry time and 
storage medium used will aid the clinician in 
assessing the condition of the PDL cells, thereby 
classifying the avulsed tooth into  viable  (the tooth 
has been replanted immediately or after a very 
short time at the place of accident),  viable but 
compromised  (the tooth has been kept in a suitable 
storage medium (e.g. tissue culture, HBSS, saline, 
milk or saliva) and the total dry time has been less 
than 60 min) or  non-viable  (where the extra-oral 
dry time has been more than 60 min regardless if 
the tooth was stored in additional medium or not). 
The goal for replanting immature teeth (incomplete 
root development) in children is to allow for pos-
sible revascularisation of the pulp space. 
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  Fig. 15.17    Clinical photographs and radiographs dem-
onstrating uncomplicated crown fractures associated with 
teeth 11, 12, and 22 and avulsion injury associated with 
tooth 21. Note: ( a ,  b ) uncomplicated crown fractures and 
avulsion injury to anterior maxillary dentition. ( c ,  d ) 
Preoperative parallel periapical and standard maxillary 

occlusal fi lm to check for any undiagnosed root fractures. 
( e ) Avulsed tooth replanted and ( f ) semirigid splint place. 
Root development is completed in this adult patient. The 
tooth will require endodontic therapy. Long-term sequelae 
include root resorption and ankylosis of the tooth (Pictures 
courtesy of Drs K Dang and A Timmermann)       
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 The advantage of revascularisation in this 
 situation lies in the possibility of continued root 
development and reinforcement of the dentinal 
walls by hard tissue deposition allowing further 
strengthening and reduced long-term propensity 
to root fracture. If that does not occur, root canal 
treatment may be recommended (see endodontic 
considerations). Replantation of adult mature 
teeth with closed apices has often been seen as a 

temporary measure with the risk of ultimately 
succumbing to root resorption. However there are 
many cases where teeth have survived, maintain-
ing their integrity and function. It is therefore 
advisable that all teeth deemed viable should be 
replanted. Furthermore teeth that are deemed 
non-viable can be replanted with the knowledge 
that the risks of failure are greater (Figs.  15.17  
and  15.18 ). 

a b

c d

e f

  Fig. 15.18    Clinical photograph showing multiple 
avulsed teeth in the upper anterior maxillary arch fol-
lowing a road traffi c accident. Note: ( a ,  b ) extraoral 
views showing abrasions to mid-face. The patient had 
had a primary and secondary survey carried out reveal-
ing no underlying bony fractures. ( c ) Intraorally the 
patient had avulsed teeth 11, 12, and 21. ( d ) Avulsed 

teeth had been found at the scene of the accident and 
placed in milk. ( e, f ) Repositioned teeth with semirigid 
fi xation. The teeth have a guarded long-term prognosis 
and will require endodontic intervention and long-term 
follow-up to ensure that no external replacement root 
resorption occurs (Pictures courtesy of Drs K Dang and 
A Timmermann)       
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  Treatment guidelines for avulsed permanent 
teeth with incomplete or complete root develop-
ment and PDL cells are deemed viable.  

 If the tooth has already been replanted before 
the patient’s arrival at the clinic, then leave the 
tooth in place. The site of injury is cleaned with 
water spray, saline or chlorhexidine. Gingival 
lacerations are sutured. The correct anatomical 
position of the replanted tooth is verifi ed both 
clinically and radiographically prior to stabilisa-
tion with a fl exible splint for up to 2 weeks. 
Systemic antibiotics may be administered. The 
patient’s tetanus protection is checked and patient 
instructions are given including soft diet for up to 
1 week. Root canal treatment may be initiated 
7–10 days after replantation and prior to splint 
removal. Follow-up is always recommended. 

  Treatment guidelines for avulsed perma-
nent teeth with incomplete or complete root 
development and PDL cells are deemed viable 
but compromised.  

 The root surface and apical foramen are 
cleaned with saline, and the tooth is soaked in 
saline, thereby removing contamination and 
dead cells from the root surface. Following local 
anaesthesia (see anaesthesia), the socket is irri-
gated with saline and examined for any alveolar 
socket fracture. If there is a fracture of the socket 
wall, reposition it prior to replanting the tooth. 
Replantation is carried out slowly with slight 
digital pressure without the use of any exces-
sive force. Gingival lacerations are sutured, if 
present. The normal position of the replanted 
tooth is verifi ed both clinically and radiographi-
cally prior to fl exible splint application for up 
to 2 weeks. Administer systemic antibiotics 
and tetanus protection if required. The patient 
is given postoperative instructions (see Patient 
instructions). Root canal treatment is initiated 
7–10 days after replantation and before splint 
removal (see Endodontic considerations). The 
tooth is followed up appropriately (see follow-
up procedures). 

  Treatment guidelines for avulsed permanent 
teeth with incomplete or complete root develop-
ment and PDL cells are deemed non-viable  

 Delayed replantation has a poor long-term 
prognosis. The periodontal ligament will be 

necrotic and is not expected to survive. The 
goals in delayed replantation are to restore aes-
thetics and function and to maintain alveolar 
bone contour. However, the expected outcome 
is ankylosis and resorption of the root resulting 
in eventual tooth loss. The technique for 
delayed replantation includes the removal of all 
attached non-viable soft tissue carefully using 
gauze. The procedure can be carried out 
mechanically with curettage or chemically 
using 17 % EDTA, citric acid or sodium hypo-
chlorite solution. In an attempt to prevent or 
arrest osseous replacement of the tooth, treat-
ment of the root surface with fl uoride prior to 
replantation has been suggested (2 % sodium 
fl uoride solution for 20 min). Emdogain con-
sisting of hydrophobic enamel matrix proteins 
derived from porcine-developing embryonic 
enamel has also been used. It should be pointed 
out that the use of either treatment should not 
be seen as an absolute prerequisite in prevent-
ing/arresting osseous replacement. Root canal 
treatment to the tooth can be carried out prior to 
replantation or later (see endodontic consider-
ations). Following administration of local 
anaesthesia (see anaesthesia), the socket is irri-
gated with saline and inspected for fracture of 
the socket wall (requiring repositioning if pres-
ent). The tooth is replanted, and gingival lacer-
ations are sutured, if present. Correct position 
of the replanted tooth is verifi ed clinically and 
radiographically prior to stabilisation of the 
tooth with a fl exible splint (for up to 4 weeks). 
Administration of systemic antibiotics (see 
antibiotics) and tetanus protection is advised 
(see Tetanus). 

 Careful follow-up is required, and good com-
munication is necessary to ensure that both the 
patient and parent understand the likely outcome. 
Decoronation may be necessary later when more 
than 1 mm of infraposition is seen. 

  Anaesthesia  
 Patients and parents will often be advised to 

consider replanting the tooth at the place of 
accident without any local anaesthesia. When the 
patient is seen in the dental setting where 
anaesthesia is readily available, normal 
techniques should be considered. Traumatic 
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dental injuries often present with concomitant 
injuries of the soft tissues including lacerations, 
which require suturing and therefore prior ade-
quate anaesthesia. Concern is sometimes raised 
whether there are risks of compromising pulpal 
healing by using vasoconstrictor in the anaesthe-
sia. No strong evidence is currently available for 
omitting vasoconstrictor. 

  Antibiotics  
 The use of systemic antibiotics as an adjunc-

tive therapy in the management of avulsed per-
manent incisors (open or closed apices) has been 
recommended. The fi rst choice is tetracycline 
(doxycycline twice daily for seven days). In 
many countries, systemic tetracycline use is not 
recommended for patients under 12 years of age 

a b

c

e f g

d

  Fig. 15.19    Clinical photographs and radiograph showing 
management of avulsion injury in a fully developed perma-
nent tooth 11 (extraoral dry period ideal). Note: ( a ) preop-
erative view showing avulsed tooth 11. ( b ) Tooth 11 is 
reimplanted with digital pressure. ( c ) Reimplanted 11. ( d ) 
Acid etch is applied to teeth prior to ( e ) fl exible composite 
wire splint attachment. ( f ) Radiograph is taken to check 

position of replanted tooth 11. The patient is advised a soft 
diet, appropriate oral hygiene (chlorhexidine mouthwash), 
and oral antibiotics (100 mg doxycycline bd. 7 days pro-
vided not pregnant). ( g ) Root canal treatment is com-
menced 7–10 days later with an intracanal dressing of 
Ledermix and then calcium hydroxide (if resorption pres-
ent) (Pictures courtesy of Ms Serpil Djemal)       
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due to the risk of discolouration in the develop-
ing permanent dentition. Penicillin (amoxicil-
lin) can be given as an alternative to tetracycline 
(Fig.  15.19 ). Caution is also advised in pregnant 
patients and concomitant use of antibiotics and 
oral contraceptives. 

  Tetanus status  
 The patient should be advised to see their 

general medical practitioner for evaluation of 
need for a tetanus booster if the avulsed tooth has 
contacted soil or tetanus coverage is uncertain. 

  Splinting of replanted teeth  
 Splinting of luxated teeth is not only recom-

mended to maintain the repositioned tooth in its 
correct anatomical position but also ensure that 
the patient is comfortable during the follow-up 
period as well as improve function. Current evi-
dence supports short-term, fl exible splints for sta-
bilisation of replanted teeth. Studies have shown 
that for ideal periodontal and pulpal healing to 
occur the luxated tooth should not be completely 
rigid but allowed slight motion and the splinting 
time should not be overly extended. To date there 
is no specifi c type of splint related to healing out-
comes. The splint should be placed on the buccal 
surfaces of the maxillary teeth and mandibular 
teeth to enable lingual access for endodontic 
procedures and to avoid occlusal interference. 
Various types of splints are available including 
resin, composite and wire, orthodontic brack-
ets and titanium mesh. Acid-etch bonded com-
posite splints using orthodontic wire have been 
widely used to stabilise teeth because fabrication 
in the dental setting is relatively straightforward. 
Furthermore, they allow good oral hygiene and 
are well tolerated by the patients (Fig.  15.19 ). 

  Patient instructions  
 To ensure satisfactory healing and the potential 

for optimal outcome, the patient must understand 
both aftercare instructions including home care 
advice and the need for follow-up evaluation. 
Patients/parents should be advised with regard to:

    1.    Avoiding participation in contact sports dur-
ing the healing period; furthermore, a custom- 
made mouthguard would be advisable in the 
future.   

   2.    Soft diet is recommended for up to 2 weeks to 
prevent further trauma to the dentition.   

   3.    The patient is advised to brush teeth with a 
soft toothbrush after each meal.   

   4.    The use of chlorhexidine (0.1 %) mouth rinse 
twice a day for 1 week is advisable. The 
patient should be warned of the possibility of 
staining of teeth.     

  Endodontic considerations  
 When root canal treatment is indicated, 

then the ideal time to begin treatment is 7–10 
days post replantation. Calcium hydroxide is 
recommended as an intra-canal medication 
for up to 1 month followed by root canal fi ll-
ing with an acceptable material. Alternatively 
if an antibiotic- corticosteroid paste is chosen 
to be used as an anti-infl ammatory, anticlas-
tic intra-canal medicament, it may be placed 
immediately or shortly following replantation 
and left for at least 2 weeks. If the antibiotic in 
the paste is tetracycline, there is a risk of tooth 
discoloration. 

 If the tooth has been dry for more than 60 min 
before replantation, then the root canal treatment 
may be carried out extra-orally prior to replanta-
tion. The canal should be dressed with calcium 
hydroxide medicament to promote disinfection 
of the root canal and prevention of infl ammatory 
root resorption. The dressing can be left in place 
for a longer follow-up period during which time 
the tooth can be assessed as to whether replace-
ment root resorption has progressed. 

 In teeth with wide-open apices (immature 
incompletely developed roots), which have 
been replanted immediately or kept in appropri-
ate storage media prior to replantation, pulp 
revascularisation may be possible. The risk of 
infection-related root resorption should be 
weighed up against the potential for pulp space 
revascularisation. 

  Follow-up procedures  
 Replanted teeth should be monitored both 

clinically and radiographically after 4 weeks, 3 
months, 6 months, 1 year and yearly thereafter. 
Percussion tenderness, palpation tenderness, 
colour, mobility, periodontal probing profi le 
and sensibility test testing (electric pulp testing 
and thermal stimulus) and appropriate  parallel 
 periapical radiographs should be recorded at 
review appointments. 
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  Loss of tooth  
 Dental traumatic injuries including avulsion 

injuries often affect maxillary central incisors 
and often occur before the age of 18 years. 
Replantation of avulsed teeth gives rise to com-
plications including replacement root resorption 
(ankylosis) and external infl ammatory resorp-
tion. Whilst appropriate endodontic therapy is 
effective in the treatment of external infl amma-
tory resorption, replacement resorption cannot 
be arrested or repaired. Replacement resorption 
occurs due to the absence of vital periodontal 
ligament resulting in normal osteoclastic activ-
ity causing bone remodelling and tooth resorp-
tion. Under normal bone remodelling, the root 
is continuously resorbed and replaced with 
the bone. In an adult mature tooth, no clinical 
signs and symptoms exist other than a metal-
lic sound in response to percussion testing. 
In immature teeth as growth continues, the 
ankylosed tooth will result in infraocclusion. 
Treatment options include either decoronation 
aimed at preserving the tooth in situ where con-
tinued alveolar growth is expected (immature 
teeth) or extraction and prosthodontic replace-
ment (mature teeth). Restoring teeth in growing 
patients poses a unique set of problems associ-
ated with aesthetic and function. One must bear 
in mind that the ideal replacement of a miss-
ing tooth with a solitary implant by virtue of 
osseointegration will result in ankylosis and 
infraocclusion in the growing patient. Often 
an interdisciplinary approach is recommended 
depending on the treatment plan proposed. 
Options for replacement of an unsuccessful 
avulsed tooth lost prematurely include replace-
ment with autotransplantation, use of a single-
tooth implant prosthesis, orthodontic closure of 
the space or space maintenance using a remov-
able denture, resin-bonded bridge or fi xed 
bridgework. Crown and bridgework should be 
avoided in the growing patient where similar to 
alveolar growth the gingival margin continues 
to mature to the cement-enamel junction result-
ing in exposed roots and unsightly aesthetics 
at the gingival margin if early treatment is pro-
vided before gingival maturation has occurred 
(age 18+). 

  Treatment Summary for an Avulsion Injury 

   Clinical and Radiographic Findings 

•   Clinical and radiographic fi ndings reveal 
either the tooth is not in the socket or the tooth 
has already been replanted.  

•   Radiographic evidence will confi rm the tooth 
is not intruded when the tooth has not been 
found.   

  Treatment Objectives 

•   To replant the tooth into its anatomically cor-
rect position as soon as possible to optimise 
healing of the periodontal ligament and neuro-
vascular supply whilst maintaining aesthetics 
and function.  

•   Stabilisation using a fl exible splint for 2 
weeks.  

•   Tetanus prophylaxis and antibiotic coverage 
should be considered.  

•   Treatment strategies are aimed at avoiding 
infl ammation that may occur as a result of the 
tooth’s attachment damage and/or pulpal 
infl ammation.  

•   Choice of treatment is related to the  maturity 
of the root  (open or closed apex) and  the 
 condition of the PDL cells  (viable or non via-
ble). The condition of the cells is dependent 
on the storage medium and the time out of the 
mouth. Note the extra-alveolar dry time is 
critical for survival of the cells. After a dry 
time of 60 minutes or more all PDL cells are 
non-viable. For this reason, the dry time of the 
tooth, before it was replanted or placed in a 
storage medium, is very important to assess 
from the patient’s history.  

•    The PDL cells are most likely viable . The 
tooth has been replanted immediately or 
after a very short time at the place of acci-
dent. Initiate root canal treatment in mature 
teeth 7–10 days after replantation and before 
splint removal. In immature teeth (not fully 
 developed) it may be worthwhile waiting for 
possible revascularization of the pulp space. 
If this does not occur then root canal treat-
ment will be necessary.  

•    The PDL cells may be viable but  compromised . 
The tooth has been kept in storage medium 
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(e.g. tissue culture medium, HBSS, saline, 
milk or saliva and the total dry time has been 
less than 60 min). In mature teeth initiate root 
canal treatment 7–10 days after replantation 
and before splint removal. In immature teeth 
you must weigh up the potential of possible 
revascularization against the risk of infection 
related root resorption. Such resorption can be 
very rapid in children and so careful follow up 
will be required with the possibility of end-
odontic intervention where necessary.  

•    The PDL cells are non-viable . The total extra-
oral dry time has been more than 60 min. The 
PDL will be necrotic and not expected to heal.  
Non-viable soft tissue is carefully removed. In 
both mature and immature teeth root canal 
treatment can be done either on the tooth prior 
to replantation or 7-10 days after replantation 
and splint removal. In order to slow down 
osseous replacement of the tooth, treatment of 
the root surface with fl uoride prior to replanta-
tion has been suggested (2% sodium fl uoride 
solution for 20 min) but it should not be seen 
as an absolute recommendation.  

•   Consider decoronation procedures when clini-
cal infraposition of the tooth appear and/or 
clinical and radiographic fi ndings of anyklosis 
are present.   

  General Prognosis 

•   Pulp necrosis, external infl ammatory root 
resorption, ankylosis and replacement resorp-
tion are common healing complications.   

  Recommended Follow-Up 

•   Splinting 2–4 weeks depending on extra-oral 
dry time period  

•   General follow up should be at 4 weeks, 6–8 
weeks, 6 months, 1 year and yearly up to 5 
years.  

•   In immature teeth where revascularization is 
being monitored teeth should be reviewed 
every 4weeks with appropriate pulp testing 
and radiographs.         
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    Summary  

  A correct diagnosis and an understanding of the underlying aetiology and 
processes involved in root resorption are essential for both effective manage-
ment and appropriate treatment strategies. Tooth resorption can be broadly 
classifi ed according to physiological or pathological processes as either 
internal or external. Resorption may be further categorized as due to either 
trauma, infection or hyperplastic invasive causes. The stimulus for internal 
resorption and external peri-radicular infl ammatory resorption is intra-
pulpal infection. Non-surgical root canal treatment will aim to eliminate 
intra-pulpal bacteria and arrest the resorptive process. Root resorption 
related to pressure such as orthodontic tooth movement, impacted teeth or 
tumours can be arrested by removal of the pressure stimulus. In external 
cervical root resorption infection originates from the periodontal sulcus, 
which provides the stimulus for continued tooth resorption. Removal of the 
granulation tissue and adequate sealing are prerequisites for repair. External 
replacement resorption is a direct consequence of irreversible periodontal 
ligament cell damage often seen in severe tooth trauma or non-physiological 
extra-oral storage of an avulsed tooth. Ankylosis and replacement resorption 
will ensue with normal remodelling of the surrounding bone and tooth struc-
ture resulting in the eventual demise.  

    Clinical Relevance    

 Effective management of resorption requires 
a thorough understanding of the underly-
ing cause including early recognition of the 

 process and optimal treatment modalities 
that can be applied to ensure the elimination 
and prevention of such processes. Some tran-
sient trauma-induced resorptions require no 
treatment but careful monitoring. Trauma-
induced resorption and invasive cervical tooth 
resorptions pose a unique set of challenges 
that may require specialist referral to ensure 
correct management. Occasionally, a multi-
disciplinary approach may be required with 
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particular attention to replacement resorption 
and the eventual demise of the tooth requiring 
prosthodontic replacement.  

16.1     Overview of Tooth 
Resorption 

 Resorption can be a physiological or pathological 
process, resulting in loss of dentine, cementum or 
bone through the continued action of osteoclastic 
cells. Under normal physiological processes, 
resorption may occur in the deciduous/mixed 
dentition resulting in the exfoliation of the pri-
mary teeth. In the adult dentition, resorption is 
predominantly pathological due to infl ammation 
occurring subsequent to traumatic dental injuries, 
orthodontic treatment, periodontal treatment, 
bleaching procedures and chronic infections of 
the pulp [ 1 ]. 

 In normal circumstances, the mineralized tis-
sues of permanent teeth are resistant to resorp-
tion. The pre-cementum and periodontal ligament 
and predentine act as barriers to external and 
internal root resorption preventing binding of 
clastic cells. It has been postulated that anti- 
invasion factors in the periodontal tissues play a 
role in maintaining the integrity of the root. In 
cases where injury is to occur to these protective 
layers, osteoclastic binding can occur unim-
peded, and in situations where infl ammation per-
sists, tooth resorption can ensue resulting in 
premature loss of the tooth without subsequent 
intervention [ 2 – 4 ]. 

 Tooth resorption can be classifi ed according to 
site, aetiology and type of resorptive process. 
A distinction is generally made between internal 
and external resorptions. External resorption can 
be further subdivided into external surface 
resorption, invasive cervical root resorption, 
infl ammatory root resorption, ankylosis, replace-
ment resorption and transient apical breakdown 
(Figs.  16.1  and  16.2 ) [ 1 – 3 ,  5 – 10 ].

    Internal root resorption is usually asymp-
tomatic and identifi ed by chance on routine 
 radiographic examination. If left untreated, 
it can result in the progressive destruction of 
 intra- radicular dentine and dentinal tubules along 
the middle and apical thirds of the canal walls as 
a result of clastic activities. In the initial stages, 
this resorption defect is the result of infl amed 
necrotic coronal pulp tissue with the recruitment 
of clastic precursor cells through vital blood ves-
sels usually present more apically. Treatment is 
aimed at severing the blood supply to the resorb-
ing tissues by means of conventional root canal 
treatment. Extensive resorption can eventually 
lead to root perforation resulting in the forma-
tion of a sinus tract. Such lesions will result in 
 extensive tooth loss and weakened tooth structure 
resulting in a poorer prognosis that may or may 
not be amenable to treatment. Radiographically, 
internal root resorption appears as a ‘balloon-
ing out’ of the root canal. The resorption lesion 
is an oval or round radiolucency with smooth, 
well-defi ned margins that does not change posi-
tion relative to the root canal when using parallax 
radiographs [ 11 – 13 ]. 

 Transient apical breakdown can develop as a 
result of certain traumatic injuries to teeth and 
their supporting structures. Moderate injuries to 
the pulp including subluxation, extrusion, lateral 
luxation, orthodontic treatment and occlusal 
trauma can result in either a spontaneous periapi-
cal radiolucency or persistent progressive expan-
sion of the periodontal ligament space over an 
extended period of time. In such cases, the injured 
tissue undergoes a spontaneous process of repair, 
usually returning to normal within 1 year. 
Therefore, no endodontic treatment is necessary 
[ 14 ,  15 ]. 

 External surface resorption is a transient 
situation in which the root surface undergoes 
spontaneous destruction and repair as a direct 
consequence of localized and limited injury to 
the root surface or surrounding periodontium. 
Since the process is self-limiting, no treatment 
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intervention is required with resultant superfi -
cial resorptive cavities healing with new cemen-
tum within 2–3 weeks or in cases of dentine 
involvement partial restoration of the root sur-
face [ 2 ,  10 ,  16 ]. 

 External infl ammatory root resorption com-
monly occurs following traumatic injury to the 
tooth or following the application of pressure due 
to iatrogenic orthodontic stimulus or pathophysi-
ological stimulus of impacted teeth or tumours. 
The resultant damage to the periodontal ligament 
cells on the root surface results in a denuded 

root surface, whereby loss of cementum allows 
direct communication with the internal root canal 
system and external root surface. A necrotic, 
infected pulp, bacteria and their by-products can 
then provide the continued stimulus leading to 
extensive and progressive resorption of the root 
surface [ 9 ,  16 ]. 

 External invasive cervical root resorption is 
a relatively uncommon phenomenon whose true 
aetiology remains obscure and can  potentially 
result in an often destructive and aggressive 
condition in any permanent tooth. Potential 

a b c

d e f

  Fig. 16.1    Clinical radiographs demonstrating ( a ,  b ) 
external infl ammatory root resorption associated with 
apical pathosis, ( c ) external replacement resorption, ( d ) 

internal root resorption, ( e ) orthodontic pressure root 
resorption, and ( f ) external invasive cervical root 
resorption       
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  Fig. 16.3    ( a ) Clinical photograph and ( b ) radiograph 
showing extensive cervical root resorption affecting tooth 
12. The patient reported a history of orthodontic treatment 
previously and possible trauma. ( c – f ) Clinical radiograph, 
photograph, CBCT scan, and maxillary reconstruction 
demonstrating external cervical root resorption affecting 
the labial aspect of tooth 12. This sixteen-year-old patient 
underwent fi xed orthodontic appliance therapy. Following 

completion of orthodontic treatment and debanding, a 
pink spot lesion was noted with tooth 12. A parallel peri-
apical radiograph confi rmed an irregular lucency in the 
cervical aspect of tooth 12. CBCT scan confi rmed a 
Heithersay class II/III lesion requiring nonsurgical root 
canal therapy combined with a surgical approach treating 
the lesion with 90 % TCA (trichloroacetic acid solution) 
and repair with glass ionomer cement           

a b

Surface Inflammatory Replacement

INTERNAL

COMBINED

EXTERNAL

Root resorption

Surface Inflammatory Cervical Replacement

Common causes
Pulp necrosis
Trauma
Periodontal treatment
Orthodontic treatment
Bleaching procedures

  Fig. 16.2    Schematic classifi cation of internal and external root resorption (based on classifi cation proposed by 
Andreasen)       
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Fig. 16.3 (continued)

c

e f

d

 predisposing factors cited as causes include 
 dental trauma, orthodontic treatment, intracoro-
nal bleaching, periodontal therapy and idiopathic 
origin. The resorptive process is characterized 
by invasion of the cervical region of the tooth by 
fi brovascular tissue derived from the periodon-
tal ligament, which will eventually invade the 
pulp space resulting in extensive destruction of 
sound tooth structure (see Fig.  16.3 ). The pulp 
survives and withstands invasion until late due to 
inherent protection provided by predentine and 
odontoblasts making early diagnosis diffi cult 
unless there are chances of radiographic fi ndings. 
Treatment, where indicated, is aimed at inactiva-
tion of all resorbing tissue and the reconstitution 

of the resorptive defect either by placement of 
a suitable fi lling material or by the use of bio-
logical systems. The radiographic appearance of 
external cervical root resorption depends on the 
severity of the lesion. Early lesions may appear 
as poorly defi ned borders of mixed radiolucency 
in the cervical region of the tooth.

   The root canal walls should be visible and 
running vertically through the radiolucent defect, 
indicating that the lesion lies on the external sur-
face of the root. 

 The parallax technique may be helpful to 
detect and determine the location (palatal or 
labial) of the external cervical root resorption 
lesions [ 17 – 22 ]. 
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a

  Fig. 16.4    Cone beam CT scans demonstrating external 
cervical root resorption in tooth 36. Note: ( a ) panoramic, 
( b ) axial, and ( c ) cross-sectional views. Intraoral radio-
graphs do not indicate the true dimensions of the lesion. 
The resorptive defect may spread within the tooth in all 
directions, and this may not be refl ected in either the size 
or position of the radiolucency seen on standard radio-

graphs. The recent advent of three-dimensional imaging 
has provided the endodontist with previously unavailable 
tools providing greater geometric accuracy in diagnosing 
and managing resorptive lesions. This case demonstrates 
how the CBCT scan allowed determination of the nature 
and extent of the resorptive lesion and confi rmation that 
nonsurgical management would suffi ce           

 Ankylosis and replacement resorption are 
commonly seen in teeth associated with luxa-
tion injuries and in particular avulsed teeth with 
an extended extra-oral dry time. Cementum and 
root dentine are resorbed by osteoclasts with sub-
sequent  replacement by alveolar bone deposited 
by osteoblasts. These teeth are lost usually 3–7 
years after initiation of the root resorption pro-
cess [ 23 – 25 ]. 

 Timely intervention is essential for optimal 
management of dental resorption based on appro-
priate diagnosis from both clinical and radio-
graphic fi ndings. Intraoral radiographs do not 
provide an indication of the true three- dimensional 
lesion size with potential for underestimation of 
true extent and risks associated with manage-
ment thereof. Cone beam computed tomogra-
phy (CBCT) technology has been specifi cally 
designed to produce three- dimensional scans of 
the maxillofacial skeleton and has been success-
fully used to evaluate the true nature and severity 
of resorption lesions in the endodontic literature. 

Effective management and treatment strategies 
must be applied according to the type of resorp-
tive process responsible and dependent on lesion 
size, site and nature. Non-surgical and/or surgical 
treatment modalities must be weighed up against 
alternative approaches including extraction for 
teeth deemed to have poor prognoses (see 
Figs.  16.3 ,  16.4  and  16.5 ) [ 15 ,  20 ,  26 ,  27 ].

16.2         Internal Infl ammatory Root 
Resorption 

 For internal root resorption to occur, the outer-
most protective odontoblast layer and predentine 
of the canal wall must be damaged, resulting in 
exposure of the underlying mineralized dentine 
to odontoclasts. Pulp canal necrosis and infection 
provide the infl ammatory stimulus to sustain the 
process. Various aetiologies including dental 
trauma, caries, excessive heat generation during 
restorative procedures, use of cytotoxic materials 
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a b c

d e f

  Fig. 16.5    Clinical photograph, radiographs, and cone 
beam CT scans showing management of external cervical 
root resorption in tooth 36. Note: ( a ) clinical intraoral 
photograph showing “pink spot” visible beneath the 
crown distally. ( b – d ) Conventional digital radiography 

showing irregular radiolucent lesion in cervical aspect of 
tooth. Cervical resorption lesion ( red circle ). ( e ) Cone 
beam CT scan of tooth 36. ( f ) Completed nonsurgical root 
canal treatment and treatment of the resorptive lesion 
using TCA       

b c

Fig. 16.4 (continued)
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in vital teeth such as  calcium hydroxide pulpoto-
mies and orthodontic tooth movements have been 
cited in the literature as potentially responsible 

for potential damage to the internal canal wall. 
The process has been described as either tran-
sient or progressive.

   

Resorpative
lesion

Causes Clinical findings Radiographic findings Treatment

Internal Trauma
Caries
Periodontal infections
Excessive heat generated
during restorative
procedures
Orthodontic treatment
cracked teeth
Pulpal inflammation/
infection

If the pulp is still partially vital the
patient may experience symptoms
of pulpitis
If  the entire pulp is necrotic then
the patient may experience 
symptoms of apical periodontitis
Sinus tract may be present 
indicating root perforation or
chronic apical abscess
Pink spot may be visible in the
coronal crown of the tooth 

Oval shaped well circumscribed
radiolucent enlargement within
the root canal
smooth, symmetrical with
uniform density
Parallex radiograph reveals the
lesion remains in the same
position relative to the canal in
both radiographs

Non surg ica l roo t cana l
treatment
Use of ultrasonic irrigation and
intra-canal medicaments such as
calcium hydroxide will be
necessary to ensure that the
inaccessible areas of the
resorpative defect are
adequately debrided
Use of flowable obturation
materials or MTA in suspected
cases of root perforation will be
necessary

  

    Clinically, the early stages of internal resorp-
tion are usually asymptomatic. Partial pulp 
necrosis may result in signs and symptoms of 
pulpitis. Eventually, when the entire root canal 
system becomes necrotic, the patient may develop 
apical periodontitis and symptoms thereof. Sinus 
tracts may be present indicating either root perfo-
ration or chronic apical abscess. A pink discolou-
ration may be visible within the crown of the 
tooth although this ‘pink spot’ may be pathogno-
monic of external invasive cervical root resorp-
tion. The radiographic appearance is that of an 
oval or circular well-circumscribed symmetrical 
radiolucency associated with the root canal. The 
radiolucency has a uniform density and will 
remain in the same position relative to the canal 
when using the parallax radiographic technique 
(Fig.  16.6 ).

   Once internal root resorption has been diag-
nosed, the prognosis of the tooth is dependent on 
whether the lesion communicates with the exter-
nal surface of the root making non-surgical root 
canal treatment diffi cult due to risk of extrusion 
through the perforation between internal and 
external root surfaces. Non-surgical root canal 
treatment is recommended in cases where the 
lesion is confi ned within the canal, without 
breaching the external root surface, and where 
the tooth is deemed restorable. 

 Root canal systems have complex morphol-
ogy that can harbour bacteria, by-products and 
remnants of necrotic pulp tissue in nonvital teeth. 
Teeth with internal root resorption pose a unique 
challenge as a result of actively resorbing bal-
loon-sized lesions that contain infl amed bleeding 
pulpal and granulation tissues that are  inaccessible 
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to direct mechanical instrumentation techniques. 
As a result, adjunctive use of ultrasonic instru-
mentation and intra-canal antibacterial medica-
ments should be used to improve disinfection and 
debridement of the internal resorptive defects. 
Thermoplastic gutta- percha techniques are ideal 
when used to seal and fi ll the resorptive defect 
provided the root canal wall has not been perfo-
rated. In cases of perforation, an alternative tech-
nique using mineral trioxide aggregate may need 
to be utilized due to enhanced biocompatibility 
important at the restorative-tooth interface 
(Fig.  16.7 ).

16.3        Surface Resorption 

 This type of self-limiting resorption is transient 
and is often induced following some traumatic 
injuries or orthodontic treatment. It results in 
damage to the underlying cementum with shal-
low resorption of the root contour with involve-
ment of a small amount of underlying dentine 
that will heal uneventfully with reparative cemen-
tum in the absence of underlying infection. 
Radiographic observations may reveal only 
 subtle changes in the root morphology with no 
signs of any radiolucency associated with 

 superimposed infections. The lamina dura and 
periodontal membrane remain intact.  

16.4     Pressure Resorption 

 This type of resorption is commonly induced by 
the pressure of a crypt of an underlying unerupted/
erupting tooth, by some neoplasms and more 
commonly due to orthodontic treatment. The 
resorption is often extensive and easily observ-
able radiographically. 

 Tumours such as cysts, ameloblastomas, giant 
cell tumours and fi bro-osseous lesions are fre-
quently associated with slow growth and expan-
sion whereby the underlying pathological process 
is responsible for activation of the resorptive pro-
cess. Usually, the tooth will remain asymptom-
atic unless the process is close to the apical 
foramen with the possibility of disturbing the 
blood supply. Treatment strategies are aimed at 
removing the underlying cause usually by surgi-
cal means, which remove the pressure and arrest 
the process. 

 Apical root resorption during tooth movement 
can result in signifi cant shortening of the roots 
directly due to continued pressure during orth-
odontic tooth movements. Teeth will remain 

  Fig. 16.6    Clinical diagrams demonstrating the parallax 
radiographic technique used to determine whether the 
resorptive lesion is internal or external. A second 
radiograph taken at a different angle often confi rms the 
nature of the resorptive defect. Both external root 
resorption and external invasive cervical root resorption 

will move in the same direction as the X-ray tube shift if 
they are lingually/palatally positioned. They will move in 
the opposite direction to the tube shift if they are bucally 
positioned. Internal resorptive lesions on the other hand 
should remain in the same position relative to the canal in 
both radiographs       
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asymptomatic, and provided the underlying 
forces used to tooth movement are not heavy, the 
pulp remains vital. No treatment is required, and 
provided the underlying cause is removed, this 
non-infective resorption will become inactive 
and uncomplicated repair can occur.  

16.5     External Infl ammatory Root 
Resorption 

 This type of external root resorption is often seen 
radiographically as an extensive peri-radicular 
radiolucency associated with an extensive infl am-
matory response to endodontic pathosis. It is also 

indicative of an infection superimposed on a trau-
matic injury commonly seen in both avulsion and 
luxation injuries. The initiating stimulus for this 
type of resorption is damage to the underlying 
protective cementum resulting in surface resorp-
tion and exposure of the adjacent dentine with 
direct communication with the root canal system. 
Superimposed infection as a result of pulpal 
necrosis prevents normal reparative cementum to 
be replaced sustaining the resorptive process due 
to unimpeded passage of bacteria and bacterial 
by-products from within the tooth. An infl amma-
tory response persists including the activation of 
clastic cells resulting in both tooth and bone 
resorption.

a b c d

e f g h

  Fig. 16.7    Clinical radiographs demonstrating manage-
ment of internal root resorption associated with tooth 12. 
Note: ( a ) preoperative radiograph demonstrating internal 
well-circumscribed radiolucency associated with the api-
cal 1/3 of the root. ( b ,  c ) IAF and MAF fi les confi rming 
working lengths. Following chemo- mechanical debride-
ment, use of sodium hypochlorite solution, and adjunctive 
ultrasonic agitation, a calcium hydroxide dressing was 
placed for a further two weeks. At the obturation appoint-

ment, the patient remained asymptomatic. ( d ) Cold lateral 
compaction with gutta- percha and AH plus cement was 
used in the apical 1/3 followed by warm vertical conden-
sation using System B. Note partial fi lling of the resorp-
tive lesion ( e ). ( f ,  g ) The remainder of the canal was fi lled 
using Obtura. ( h ) A temporary coronal restoration of IRM 
and glass ionomer cement was placed to ensure adequate 
seal prior to permanent restoration with the corresponding 
general dental practitioner       
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Resorpative lesion Causes Clinical findings Radiographic findings Treatment

External inflammatory Necrotic pulp EPT and thermal testing elicit
negative responses
Tooth may be
tender to percussion and palpation
A discharging sinus may be present
Tooth mobility may be noted 
Extensive restoration involving
pulp may be evident

A radiolucency is observed on
the external root surface of
dentine and adjacent bone
Extensive root resorption
may be evident particularly if the
lesion is long standing in origin

Non surgical root canal
treatment is indicated
Use of calcium hydroxide 
intracanal medicament is 
recommended to remove 
bacterial stimulation from both 
the root canal and dentinal
tubules

  

    Clinical examination may reveal no abnormal-
ities unless the infection is acute in nature dem-
onstrated by the tooth becoming tender to touch 
or an overlying swelling or discharging sinus. 
Radiographic examination may result in bowl-
like radiolucencies in both the tooth and adjacent 
bone that if allowed to progress will result in 
eventual destruction and replacement. Treatment 
strategies to halt progression of this type of 
resorption include provision of effective non- 
surgical root canal treatment including chemo-
mechanical preparation to remove irritants from 
within the root canal system. Smear layer removal 
including the sequential use of 17 % EDTA, 1 % 
sodium hypochlorite and a fi nal rinse with EDTA 
has been shown to be an effective treatment 
modality to ensure diffusion of intra-canal medi-
caments such as Ledermix paste through the den-
tine to the external surface of the tooth. The 
corticosteroid and antibacterial components of 
Ledermix have been shown to exert benefi cial 
effects on clastic cells responsible for the resorp-
tive processes that occur. Following initial use of 
this anticlastic agent, conventional calcium 
hydroxide medicament can be placed to infl uence 

hard tissue deposition on the resorbed tooth 
 surface prior to completion of endodontic 
treatment.  

16.6     Ankylosis and Replacement 
Resorption 

 Progressive replacement of tooth structure by 
alveolar bone can ultimately result in tooth loss. 
This type of process follows the death of viable 
periodontal ligament cells due to either severe 
compression or drying of the cells usually seen in 
severe traumatic injuries such as luxation, intru-
sion and avulsion. An interface devoid of viable 
periodontal ligament cells between bone and 
dentine results in normal remodelling processes 
associated with skeletal bone turnover at the 
expense of dentine. Ankylosis occurs with total 
loss of mobility with a characteristic high- pitched 
metallic percussion sound. At this stage, there is 
no loss of root dentine or cementum. Eventually 
progressive replacement of tooth structure by 
surrounding bone occurs resulting in the eventual 
demise of the tooth.
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Resorpative
lesion Causes Clinical findings Radiographic findings Treatment

Ankylotic/
Replacement

Severe traumatic 
injuries(intrusive luxation
or avulsion with
extended dry times

Ankylotic teeth lack physiological
mobility of normal teeth
Tooth may demonstrate high 
pitched metallic percussion sound
Infra-occlusion may be evident

Resorption lacunae are filled
with bone and the periodontal
ligament space is missing

As there is no stimulation to
remove there is no predictable
treatment available at present
Prevention by minimizing
periodontal ligament damage
immediately following an injury
is the only treatment
decoronation and
submergence may be an
option in the developing
dentition to allow for growth 
to cease before considering
dental implant replacement

  

    From a clinical management point of view, the 
replacement resorption process usually proceeds 
at a slow rate and in some cases taking years to 
reach a stage where intervention is required. In 
the mature dentition, alternative prosthodontic 
replacement options will need to be considered. 
In the developing dentition, ankylosis can 
severely disrupt arch integrity with infra- 
occlusion of the ankylosed tooth that becomes 
more obvious as skeletal growth continues. In 
cases of ankylosis with advanced replacement 
resorption, the procedure of decoronation and 
submergence has been recommended to allow for 
continued alveolar growth and uncomplicated 
transition to implant therapy once growth has 
stopped.  

16.7     Invasive External Cervical 
Root Resorption 

 Progressive external resorption with persistent 
infl ammation may be localized at the cervical 
level whereby resorbing tissues invade the hard 
tissues of the tooth in an uncontrolled destructive 
fashion. Numerous terms have been used to 
describe these phenomena including odontoclas-
toma, peripheral cervical resorption, extracanal 
invasive resorption, peripheral infl ammatory root 
resorption and sub-epithelial external root resorp-
tion. Hiethersay who preferred the term invasive 
cervical root resorption, which is both invasive 
and aggressive, has described this form of  external 
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root resorption at length. In the absence of treat-
ment, this type of resorption leads to progressive 
and destructive replacement of tooth structure. 
Resorption of coronal dentine and enamel often 
creates a clinically obvious pinkish colour in the 
crown of the tooth as highly vascular resorptive 
tissue becomes visible through the underlying 
thin residual dentine. Exploration with a probe 
may reveal a sub-gingival, supra-crestal non- 
carious cavity. In other instances, it may only 
become obvious as an incidental fi nding follow-
ing routine radiographic examinations. The pulp 
remains vital in most cases with symptoms of pul-
pitis developing on the late stages of the disease 
where severe progression and advancement of the 

resorptive process have occurred. Several poten-
tial predisposing factors have been identifi ed 
including dental trauma, orthodontic treatment, 
intracoronal bleaching, periodontal therapy and 
idiopathic aetiology. Total removal or inactivation 
of the resorptive tissue is essential to safeguard 
against reoccurrence. The high predisposition for 
reoccurrence is due to the invasive nature of the 
resorptive tissue responsible whereby small infi l-
trative channels are often created within the 
underlying dentine, which may interconnect with 
the surrounding periodontal ligament in positions 
more apical to the main resorptive defect. Unless 
all the tissue is inactivated, the possibility of 
 progression remains.

   

Resorpative
lesion Causes Clinical findings Radiographic findings Treatment

Invasive cervical Dental trauma
Orthodontic treatment
Intracoronal bleaching
Periodontal therapy
Idiopathic aetiology

+- Pink spot in the cervical region
of the tooth
Probing of the invasive lesion and
/or periodontal pocket may result
in profuse bleeding
Once the granulation tissue has
been removed the cavity walls will
feel hard and mineralized
+- Pulpal symptoms depending on
lesion size

Severity of lesion will determine
radiographic appearance
asymmetrical radiolucency
with ragged/irregular margins
Advanced lesions may appear
mottled
Outline of the root canal usually
visible indicating lesion lies on
outer surface of the root
Advanced lesions tend to
balloon out within the root in all
directions

Complete removal of
resorpative tissue using 90%
TCA
Restoration of defect using
plastic restoration such as
GIC or MTA
Full thickness periosteal flap
may be required to allow for
complete access, currettage
and removal of granulamatous 
tissue
Endodontic treatment may be
required for class 2 or 3 lesions

  

    Management and prognosis vary according to 
the extent and severity of the lesion, location and 
accessibility, whether there is concomitant pulpal 
involvement and overall restorability of the tooth 
in question. Hiethersay has classifi ed invasive 

cervical root resorption according to the extent of 
the lesion within the tooth. Class I lesions are 
small resorptive lesions near the cervical aspect 
of the tooth with only a shallow penetration 
into the dentine. Class 2 lesions represent a 

16 Root Resorption



402

 well- defi ned invasive resorptive lesion that has 
penetrated close to the coronal pulp chamber but 
shows little or no extension into the underlying 
radicular dentine. Class 3 lesions represent 
deeper invasion of the dentine extending into the 
coronal third of the root. Class 4 lesions are 
extensive large invasive resorption defects that 
have extended beyond the coronal third of the 
root canal. Careful case selection is important 
and only classes 1–3 are amenable to treatment. 
Class 4 lesions should be left untreated provided 
they remain asymptomatic; otherwise, extraction 
is the only viable option. 

 Treatment should involve surgical exposure of 
the lesion and curettage of the infl ammatory tis-
sue followed by placement of an adequate seal by 
utilizing restorative materials such as glass iono-
mer cement. Occasionally, non-surgical access 
may be possible although this increases the risk 
of failure due to the nature and position of the 

resorptive tissues involved. Both non- surgical 
and surgical treatment strategies should be 
directed at removal of all resorptive tissue facili-
tated by using topical application of 90 % trichlo-
roacetic acid (TCA) solution. The effect of TCA 
is to cause coagulation necrosis rendering the 
resorptive tissue avascular reducing the potential 
for reoccurrence. Pulpal exposure following 
curettage of resorptive tissue requires additional 
non-surgical root canal therapy. 

 Surgical management involves periodontal 
fl ap refl ection, curettage and restoration of the 
defect. Periodontal reattachment may not be 
expected with glass ionomer cement, and there is 
some evidence to suggest the use of ProRoot 
MTA might be more benefi cial in such cases. 

 The patient should be re-examined at regular 
intervals with careful clinical and radiographic 
assessments to determine whether the process 
has been arrested (Fig.  16.8 ).

a b c

d e f

  Fig. 16.8    ( a ) and ( b ) Clinical radiographs demonstrating 
external cervical root resorption associated with tooth 46. 
The patient was experiencing symptoms of pulpitis sug-
gesting pulpal involvement of the lesion. Clinically the 
lesion could not be probed from both buccal and lingual 
aspects. A decision was made to access the tooth through 
the existing cast restoration to determine the extent of 
the lesion and whether it was amenable to  non-surgical 

 treatment. Following access through the crown, the 
defect could be visualized under the dental operating 
microscope and illumination, confi rming granulation 
tissue mesial to the mesial root canals. Following curet-
tage and TCA application pulp exposure was confi rmed. 
( c – f ) Non-surgical root canal treatment was performed 
over two appointments. A coronal glass ionomer cement 
 restoration was placed to seal the mesial resorptive defect       
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16.8        Clinical Cases 

  Case 1     Non-surgical root canal treatment of 
tooth 36 demonstrating external infl ammatory 
root resorption 

 A fi t and healthy 33-year-old patient was 
referred for endodontic treatment of tooth 36. 
The patient had recalled the tooth had had a cast 
restoration (ceramic Cerec crown) placed 4 
months earlier. The patient reported ongoing pain 
and discomfort exacerbated with biting/chewing 

and temperature sensitivity, which culminated in 
severe pain. The general dental practitioner had 
carried out an emergency pulp extirpation 
through the existing crown to help alleviate 
pulpal symptoms. 

 Radiographic examination confi rmed prior 
endodontic access. A peri-radicular radiolu-
cency was noted with both mesial and distal root 
apices. An oval radiolucency was also noted in 
the middle third of the mesial root (see 
Fig.  16.9 ).

a b

c d

  Fig. 16.9    Clinical radiographs demonstrating external 
root resorption due to pulpal infection. Note: ( a ) 
preoperative radiograph demonstrating an irregular 
radiolucency in the middle 1/3 of the root ( yellow arrow ). 
( b ,  c ) IAF and MAF fi les. ( d ) Mid-fi ll radiograph 

following warm vertical compaction using AH plus 
cement and System B. Note: sealer extrusion noted at 
mid-root level in the mesial root showing internal/external 
communication due to root resorption       
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   Access preparation was refi ned and chemo-
mechanical preparation completed using 1 % 
sodium hypochlorite solution. Confl uence was 
noted in the MB and ML and DB and DL canals 
in the apical third and patency was maintained in 
all canals. An acute apical curvature was noted in 
the distal canal (see Fig.  16.9 ). An interim dress-
ing of calcium hydroxide was placed for 4 weeks. 
At the second appointment scheduled for obtura-
tion, the patient was completely asymptomatic. 

 Obturation was completed using a warm vertical 
compaction technique using AH Plus cement. 

Following cone fi t placement using AH Plus cement 
and 4 % tapered gutta-percha cones, appropriate-
sized System B pre-fi tted pluggers were used to 
carry out the downpack. A mid-fi ll radiograph was 
taken to assess apical obturation prior to backfi ll 
with gutta-percha root fi lling material. Sealer extru-
sion was noted in the middle third of the mesial root 
(see Fig.  16.9 ). Following the backfi ll procedure, an 
irregular oval-shaped root fi lling was confi rmed in 
the mesiolingual canal (Fig.  16.10 ). A temporary 
double-seal IRM/glass ionomer restoration was 
placed in the coronal access cavity.

a b

c d

  Fig. 16.10    Clinical radiographs demonstrating external 
root resorption due to pulpal infection. Note: ( a ) backfi ll 
following warm vertical compaction using gutta-percha 
and Obtura. ( b – d ) External root resorption lesion 

demonstrated by mesial to distal cone shift confi rming 
communication between the internal root canal and 
external root surface       
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   The patient was warned of the possibility of 
post-operative sequelae including pain and sensi-
tivity related to the sealer extrusion. The patient 
was reviewed a week later and patient remained 
asymptomatic. The patient was advised to return 
to their general dental practitioner for placement 
of a permanent coronal restoration in the tooth.  

  Case 2     Non-surgical root canal treatment of 
tooth 27 demonstrating external cervical infl am-
matory root resorption 

 A 48-year-old patient suffering from well- 
controlled hypertension was referred for end-
odontic management of tooth 27. The general 
dental practitioner had noted an irregular 
radiolucency associated with the mesial aspect. 
A provisional diagnosis of caries was made 
and an attempt to restore the tooth. During the 
removal of caries, the general dental practitio-
ner noted granulation tissue in the mesial 
defect. The patient was referred for endodontic 
opinion with the suspicion of cervical root 
resorption. 

 Access cavity was prepared confi rming 4 
canals. MB1 and MB2 canals were confl uent. 
Chemomechanical preparation was completed 
uneventfully. Mesially, granulation tissue was 
noted with bleeding tags of tissue. TCA was 
applied to cotton wool pledgets and placed in the 
mesial defect. Granulation tissue was excavated 
with repeated TCA dressings applied until hard 
tissue was evident. A further application of TCA 
was applied prior to restoration of the defect. A 
resin-modifi ed glass ionomer was placed in the 
mesial defect and light cured in increments. An 
intra-canal dressing of calcium hydroxide was 
placed and the patient reviewed 4 weeks later. 
Obturation of the four canals was completed 
using a warm vertical compaction technique. The 
patient was referred to his general dental practi-
tioner for permanent cuspal coverage restoration 
of the tooth. 

 Long term, the patient was made aware of the 
possibility of continuation of the resorptive pro-
cess and the need for periodic monitoring to 
assess whether the lesion had been truly arrested 
(see Figs.  16.11  and  16.12 ).

      Case 3     Non-surgical and surgical root canal 
treatment of tooth 24 demonstrating external cer-
vical infl ammatory root resorption 

 A fi t and healthy 51-year-old female patient 
was referred for an opinion regarding tooth 24. 
The general dental practitioner had taken routine 
bitewing radiographs at a periodic examination, 
which revealed radiolucency in the cervical 
region of the tooth. Previous bitewings taken 4 
years ago did not reveal any pathology. The tooth 
was asymptomatic at time of consultation. 

 The dentist was concerned that there may be 
internal root resorption associated with the 
tooth. Clinical examination revealed tooth 24 
was unrestored. No previous history of trauma 
or orthodontic treatment was noted. Tooth 24 
had a positive response to thermal stimulus 
(CO2 snow) (diminished and delayed compared 
to control tooth). Electric pulp testing was 
positive. 

 Radiographic examination revealed an irregu-
lar radiolucency in the cervical aspect of the 
tooth. A second radiograph with a mesial tube 
shift was taken confi rming the lucency had 
moved. Clinically, a defect was noted on the pala-
tal aspect of the tooth below the gingival margin. 
A cone beam CT scan was obtained confi rming a 
radiolucent lesion below the cement-enamel 
junction on the palatal aspect of tooth 24 (see 
Fig.  16.13 ). The radiolucency was very close to 
the palatal root. A provisional diagnosis of exter-
nal cervical root resorption was made. The patient 
was seen for surgical exploration of the area and 
warned of the possibility that root canal treatment 
would be required in addition to the management 
of the cervical resorptive lesion. A palatal enve-
lope fl ap was raised confi rming granulation tis-
sue in the cervical aspect. The granulation tissue 
was curetted and TCA was applied. The palatal 
root canal was involved (see Fig.  16.14 ).

    An endodontic access cavity was prepared 
under rubber dam application. Two canals were 
located and chemomechanically prepared. The 
palatal canal was temporarily sealed with gutta- 
percha to prevent restorative material blocking 
coronal access. The dam was removed and hae-
mostasis was gained in the cervical defect using 

16 Root Resorption



406

cotton wool pellets soaked in anaesthetic solu-
tion. The cervical resorptive defect was restored 
with glass ionomer cement. The tooth was reac-
cessed under rubber dam and following irrigation 

with sodium hypochlorite solution, an interim 
dressing of calcium hydroxide was placed with 
temporarily sealing of the access cavity (see 
Fig.  16.15 ).

a

e f g

b c d

  Fig. 16.11    Clinical photographs and radiographs 
 demonstrating non-surgical management of invasive cer-
vical root resorption associated with the mesial aspect 
of tooth 27. Due to diffi culties with surgical access, a 
decision was made to attempt to treat the lesion non-sur-
gically. The patient was made aware that the long-term 
prognosis was guarded. ( a ,  b ) Ninety per cent TCA used 
for topical application to aid in coagulation necrosis of 

the invasive resorptive tissue. ( c ) Pre-operative radio-
graph demonstrating the extent of the mesial lesion cer-
vically. ( d ) IAF following access preparation. ( e ) MAF 
preparation completed. The lesion was treated with TCA 
at the same appointment and then an intra-canal calcium 
hydroxide dressing was left in place for 3 weeks. ( f ) Post 
obturation. ( g ) Post-operative view demonstrating com-
pleted case and mesial lesion restoration       

a b c

  Fig. 16.12    Clinical photographs showing nonsurgical 
management of invasive cervical root resorption associ-
ated with tooth 27. ( a ) Following access refi nement con-
fi rming the presence of MB1, MB2, DB and P canals, 
ultrasonic refi nement was carried out mesially to reveal 
( b – d ) the resorptive lesion. ( e – h ) Curretage was car-
ried out using application of 90% TCA. ( i ) After several 

applications of TCA and curettage no further bleeding 
was evident from within the resorptive cavity and prob-
ing confi rmed hard mineralized tissue. Complete removal 
of the resorptive granulation tissue was noted. The mesial 
defect was restored with resin-modifi ed glass ionomer 
cement. Non-surgical root canal treatment was completed           
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a

d e f

b c

  Fig. 16.13    Clinical radiographs and photographs dem-
onstrating invasive cervical root resorption in tooth 24. 
Note ( a ) preoperative intraoral conventional radiograph 
showing irregular radioluceny associated with the cervical 
aspect of tooth 24. Clinically the patient exhibited no 
symptoms with the area of concern noted on chance radio-
graphic fi nding by the referring dentist. ( b ) Clinical exam-
ination revealed no obvious abnormalities with the crown 
and the defect could not be probed. ( c – f ) CBCT images 

reveal the true nature of the lesion including degree of 
palatal root involvement ( yellow arrows ). Past history 
revealed no etiological factors such as orthodontic treat-
ment, periodontal treatment, or trauma. A decision was 
made to raise a palatal mucoperiosteal fl ap to gain access 
to the lesion for complete currettage using 90 % TCA. The 
patient was warned that if pulpal involvement was noted 
at time of surgery, then nonsurgical endodontic treatment 
would be required       

d e f

g h i

Fig. 16.12 (continued)
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   The surgical site was closed using resorbable 
5.0 sutures and the patient reviewed at 1 week 
and 4 weeks. The resorbable sutures were 
removed at the 1-week period and the patient 
healed uneventfully. The root canals were obtu-
rated using a warm vertical compaction tech-
nique using AH Plus cement. The patient was 
referred back to her general dental practitioner 
for placement of a cast cuspal coverage restora-
tion. Further follow-up appointments were made, 
and the patient was warned of the possibility of 
further progression of the lesion and long-term 
possibility of a localized periodontal defect asso-
ciated with the sub-gingival restoration (see 
Figs.  16.13 ,  16.14  and  16.15 ).  

  Case 4     Non-surgical and surgical root canal 
treatment of tooth 46 demonstrating external 
infl ammatory root resorption and internal root 
resorption 

 A fi t and healthy 43-year-old Australian 
defence force member was referred for endodon-
tic management of tooth 46. The patient was 
aware of some localized gum swelling and pain 
in relation to this tooth. Clinical examination 
revealed tooth 46 had been restored with a cast 
gold full-crown restoration with good marginal 
integrity. The patient reported a history of cracked 
tooth syndrome in relation to this tooth prior to 
crown cementation. A draining sinus was noted 
in the overlying buccal mucosa and a 5 mm + prob-
ing profi le was evident in the mid- buccal furca-
tion region. Radiographic assessment revealed an 
extensive peri-radicular radiolucency associated 
with the periapex of tooth 46. A gutta- percha 
sinus tracing radiograph confi rmed involvement 
of tooth 46. A well-circumscribed radiolucent 
lesion was noted in the coronal third of the distal 
root (see Fig.  16.16 ).

   Access cavity was prepared through the gold 
crown restoration revealing a necrotic pulp. 

a b c d e

f g h i j

  Fig. 16.14    Clinical photographs showing step-by-step 
surgical management of cervical invasive root resorption 
of tooth 24. Note ( a ,  b ) palatal mucoperiosteal envelope 
fl ap to reveal ( c ) resorpative lesion. ( d ,  e ) Curettage of 
lesion using 90 % TCA. ( f ) Following curettage of the 
lesion, involvement of the palatal root canal was con-
fi rmed using a 10K fi le. Non-surgical root canal treat-
ment was initiated and chemo-mechanical debridement 
completed using 1 % sodium hypochlorite solution under 
rubber dam preparation. ( g ,  i ) The rubber dam was 
removed to allow unobscured access to the palatal lesion. 

A gutta-percha cone was placed in the palatal root canal 
to prevent restorative material blocking the canal. ( j ) 
Glass ionomer cement was placed in the palatal defect 
and following setting of the material the surgical site was 
closed using Vicryl sutures. The root canal system was 
reaccessed under rubber dam and an interim intra-canal 
calcium hydroxide dressing was placed. The tooth was 
temporarily sealed and the patient rebooked for comple-
tion of obturation 4 weeks later. The patient was reviewed 
at 1 week for suture removal and to ensure soft tissue 
healing was uneventful       
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Ultrasonic troughing was carried out to remove 
pulp stones in the fl oor of the pulp chamber. No 
visible crack lines or fracture was evident inter-
nally. Initial access preparation revealed three 
canals (MB, ML and DL). A small #10 K fi le was 
used to explore the DL canal system confi rming 
an internal resorptive defect in the coronal third 
(Fig. 16.16). The fi le could not negotiate any api-
cal anatomy beyond the resorptive lesion. An ini-
tial apical fi le radiograph was taken to confi rm 
working lengths in the MB and ML canals 
(Fig.  16.17 ). Further ultrasonic troughing was 
carried out to reveal an additional DB canal. The 
DB canal could be negotiated to full working 
length with patency.

   Chemomechanical preparation of the MB, 
ML, DB and DL canals was carried out using 
rotary fi les and 1 % sodium hypochlorite solution. 
Additional supplemental sonic irrigation was car-
ried out using the EndoActivator. A master apical 
fi le radiograph was taken (Fig.  16.17 ). An intra-
canal medicament of calcium hydroxide was 
placed with a double temporary coronal seal of 
IRM and glass ionomer cement. The patient was 
scheduled for a review appointment 4 weeks later 
to reassess whether the draining sinus had healed. 

 At the review appointment, the buccal sinus 
had resolved and the patient had remained 
asymptomatic. A further appointment was sched-
uled for obturation of the tooth. 

a b c d

e f g h

  Fig. 16.15    Clinical radiographs demonstrating surgical 
and nonsurgical management of tooth 24. ( a ) Invasive 
resorptive lesion repaired with glass ionomer cement 
following surgical access and curettage. ( b ) IAF and ( c ) 
MAF preparation following surgical access of tooth 24. 
( d ) Mid-fi ll and ( e ) backfi ll using warm vertical 

compaction using AH plus cement and gutta-percha. ( f – h ) 
Postoperative radiographs demonstrating root canal 
obturation and resorptive lesion repair. Note parallax 
views demonstrating the defect moving in the same 
direction of the X-ray tube (palatal). The patient was 
placed on a 6 monthly recall       
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 Tooth 46 was obturated using AH Plus cement 
and gutta-percha technique. The DL canal was 
obturated using the ‘squirt’ technique. A fi nal 
rinse of 1 % sodium hypochlorite solution and 

17 % EDTA was used followed by drying of the 
canals. A very small amount of AH Plus sealer 
was introduced into the DL canal with paper 
points. A size #20 needle was used to express 

a b

c d

  Fig. 16.16    Clinical radiographs demonstrating ( a ) 
preoperative gutta-percha sinus tracing radiograph 
confi rming involvement of tooth 46. ( b ) Parallel bitewing 
radiograph showing well-circumscribed radiolucent 
lesion in the distal root. ( c ) Parallel periapical confi rming 
extensive peri-radicular radiolucency and well- 

circumscribed radiolucent lesion in the distal root. A 
provisional diagnosis of chronic apical periodontitis with 
suppuration was made with internal root resorption. ( d ) 
Initial apical fi le placement in the DL canal confi rmed 
associated resorptive lesion. The apical portion of the DL 
canal beyond the resorptive lesion could not be negotiated       
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a

c d

b

  Fig. 16.17    Clinical radiographs demonstrating manage-
ment of internal root resorption in tooth 46. Note: ( a ) initial 
apical fi le radiograph demonstrating negotiation of the 
mesial canals. The DL canal could only be partially instru-
mented. Once the fi le entered the resorptive lesion, it was 
impossible to negotiate any apical anatomy that may have 
been present. ( b ) Further ultrasonic troughing was carried 
out to reveal an additional DB canal which could be 

 negotiated to length. Master apical fi le radiograph confi rm-
ing working lengths in the DB, MB, and ML canals. ( c ) 
Mid-fi ll radiograph demonstrating apical gutta- percha fi ll-
ings and obturation of the DL canal. The “squirt” technique 
was used to obturate the DL canal using the Obtura extruder 
gun and gutta-percha. ( d ) Final radiograph following com-
pletion of obturation and placement of a temporary IRM/
glass ionomer cement double-seal temporary restoration       
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gutta-percha from the Obtura extruder into the 
DL canal. An appropriate-sized plugger was then 
used to further compress the gutta-percha ensur-
ing minimal shrinkage. The DB, MB and DL 
canals were obturated using a warm vertical com-
paction technique. Master cones were coated 
with minimum AH Plus sealer and seated to 
working lengths. Downpacking was carried out 
with an appropriate 6 % tapered System B tip to 
within 5 mm of the apex. A mid-fi ll radiograph 
was taken to assess the apical gutta-percha fi ll-
ings and DL canal obturation (Fig.  16.17 ). The 
remaining canal spaces in the MB, ML and DB 
canals were backfi lled using gutta-percha and 
Obtura. The access cavity was temporized with 
IRM and glass ionomer cement. A fi nal post- 
operative radiograph was taken (Fig.  16.17 ). The 
patient was referred back to his general dental 
practitioner for placement of a permanent coro-
nal restoration. Further review appointments 
were scheduled to ensure continued healing was 
taking place.  

  Clinical Hints and Tips for Managing Root 

Resorption 

•     The stimulation factor for internal root 
resorption and external peri-radicular 
infl ammatory root resorption is intra-pulpal 
infection. Adequate root canal treatment 
aimed at removing intra-pulpal bacteria 
will arrest the resorption process.  

•   Root resorption related to pressure during 
orthodontic treatment or an impacted tooth 
or tumour is managed by removal of the 
pressure stimulation factor.  

•   Replacement root resorption and ankylosis 
have no predictable treatment and cannot 
be arrested. The long-term prognosis is 
poor and tooth replacement is inevitable.  

•   In cervical root resorption, infection origi-
nates from the periodontal sulcus, which 
stimulates the pathological process. Removal 
of granulation tissue from the resorption 
lacuna and sealing is necessary for repair. 
Class 1 and 2 lesions (Hiethersay classifi ca-
tion) are amenable to treatment. Classes 3 
and 4 have a guarded/poor prognosis result-
ing in the likely demise of the tooth.         
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    Summary  

  Endodontically treated teeth have often lost a considerable amount of 
tooth structure due to caries, endodontic therapy and/or previous restora-
tion, which may increase the propensity for tooth fracture. It is therefore 
accepted that endodontically treated teeth are weaker and often require 
special restorative consideration to not only increase long-term survival 
but also to prevent further bacterial ingress by means of coronal leakage 
that can contribute to failure. A plethora of materials can be utilised by the 
clinician ranging from simple Nayyar amalgam cuspal coverage restora-
tions to complex cast restorations. Occasionally a post may be indicated 
where remaining coronal tooth structure is minimal and retention of core 
material is required. Several post designs are available including prefabri-
cated or custom-made. Of paramount importance to the longevity of the 
restored endodontically treated tooth is the presence of an adequate ferrule 
between core or post and core and crown margin. This ferrule effect pro-
vides additional bracing to protect the integrity of the root.  

    Clinical Relevance    

 Prior to embarking on complex endodontic 
treatment, the restorative needs of the individ-
ual tooth must be assessed. Dismantling of the 
restoration not only ensues that sound tooth 
structure remains but also allows the clinician 
to visualise the future restorative needs in his/
her mind’s eye. Following completion of end-
odontic treatment, a suitable permanent coro-
nal restoration must be placed for protection 
against catastrophic fracture and further bac-
terial ingress from the oral cavity. Core build-
up materials and post and core restorations are 
discussed in relation to anterior and posterior 

        J.   Cho ,  BDS (Hons), MDSc (Prosthodontics)    
  University of Sydney ,   Canberra ,  ACT ,  Australia     

    R.   Fell ,  BDS, DClinDent, FRACDS, FRACDS    
  Specialist Periodontist ,   Canberra ,  ACT ,  Australia     

    B.   Patel ,  BDS MFDS MClinDent MRD MRACDS      (*) 
  Specialist Endodontist ,  Brindabella Specialist Centre , 
  Canberra ,  ACT ,  Australia   
 e-mail: bobbypatel@me.com  

  17

mailto:bobbypatel@me.com


416

teeth including indications, techniques, advan-
tages and disadvantages. Careful appraisal of 
individual teeth according to morphology, 
remaining tooth structure, position in the arch 
and ideal preparation prerequisites is  discussed 
to ensure longevity of the tooth following root 
canal therapy.  

17.1     Overview of Coronal 
Leakage and Contemporary 
Methods of Restoring Teeth 

 The primary goal of restorative treatment follow-
ing endodontic therapy is well accepted with the 
aim of restoring teeth to maintain form and func-
tion as well as providing a complete seal to pre-
vent recontamination and introduction of bacteria 
within the decontaminated root canal system 
 [ 1 – 3 ]. Exposure of gutta-percha to saliva within 
the pulp chamber can result in apical migration of 
bacteria within days [ 4 ]. The restoration of the 
endodontically treated tooth is a subject that has 
been discussed widely in the dental literature, 
and the understanding of this topic remains com-
plex and controversial [ 5 ]. In the last 20 years, a 
plethora of materials and techniques have become 
available to the clinician with the emergence of 
adhesive approaches that have increased the cli-
nicians’ repertoire, aimed at tooth structure pres-
ervation that is critical to the survival of 
endodontically treated teeth [ 6 ]. The choice of 
fi nal restoration must be judged on the best scien-
tifi c evidence available rather than an empirical 
approach that can often lead to failure. 

 Any tooth undergoing endodontic treatment 
must take into account both restorative and peri-
odontal factors that may affect the long-term 
prognosis. The clinical decision making process 
to retain any tooth must form part of a compre-
hensive overall treatment plan formulated with 
the patient and taking into consideration not 
only local tooth factors but also its overall stra-
tegic value and a cost/benefi t analysis compared 
with alternative replacement options (Figs.  17.1  
and  17.2 ).

    Historically it was thought that the dentine of 
endodontically treated teeth was signifi cantly 

 different when compared to their vital counter-
parts with factors such as moisture content and 
loss of collagen cross-linking being attributed to 
the demise of root treated teeth and their propen-
sity to fracture [ 7 ,  8 ]. These fi ndings were dis-
puted and did not support the conclusion that 
endodontically treated teeth are more brittle [ 9 , 
 10 ]. It is in fact the loss of both structural integ-
rity associated with access preparations [ 11 ] and 
impairment of neurosensory feedback mecha-
nisms following pulp tissue removal [ 12 ] that 
may lead to a higher occurrence of fractures asso-
ciated with endodontically treated teeth. The 
anterior and posterior teeth are subjected to mas-
ticatory loads in normal function (laterally and 
vertically) with increased cuspal defl ection when 
endodontic access cavities have been prepared [ 5 , 
 13 ]. Taken together, these studies would suggest 
that the defi nitive restoration not only serves to 
provide an enhanced coronal seal and minimise 
future risk of micro-leakage and recontamination 
[ 14 ] but more importantly to prevent catastrophic 
fracture particularly when under heavy mastica-
tory loading during normal function [ 15 ]. 

 Endodontically treated teeth with intra- 
coronal restorations are at higher risk of cuspal 
fracture [ 16 – 18 ]. In a 20-year retrospective anal-
ysis, the cumulative survival rate (retention of 
both cusps) and fracture pattern of 1639 end-
odontically treated posterior teeth were assessed. 
All teeth had an MO/DO or an MOD cavity 
restored with amalgam without cuspal overlay. 
The 20-year survival rate of teeth with an MO/
DO cavity was markedly higher than teeth with 
an MOD cavity. Maxillary bicuspids with MOD 
restorations showed the lowest survival rate over-
all (28 % fractured within 3 years, 57 % were lost 
after 10 years and 73 % after 20 years) [ 17 ]. The 
loss of tooth structure in combination with an 
increased cavity depth due to endodontic access 
results in greater cuspal defl ection compared to a 
vital tooth [ 13 ]. Bicuspid teeth (such as maxillary 
premolars) can be more prone to longitudinal 
root fractures where the mesiodistal dimension is 
narrow [ 19 ]. 

 Endodontically treated teeth as abutments 
have also shown to be at greater risk of fracture 
[ 12 ]. In a retrospective clinical investigation 

J. Cho et al.



417

comparing 1273 endodontically treated teeth as 
abutments or crowns, it was found that the great-
est failure rate was associated with pulpless teeth 
without a crown (24.2 %). A comparison also 
indicated that the failure rate of abutments when 
used for removable partial dentures (22.6 %) was 
twice that of fi xed bridges (10.2 %). Overall suc-
cess rate was found to be highest in endodonti-
cally treated teeth that had been restored with 
single crowns (94.8 %). Additional observations 
concluded that the presence of intra- coronal rein-
forcement did not appreciably increase the suc-
cess rate for survival without coronal coverage. 

Post placement had limited infl uence on the suc-
cess rate of fi xed partial denture abutments but 
interestingly signifi cantly improved the success 
for partial denture abutment endodontically 
treated teeth. ParaPost and amalgam or resin 
composite cores had considerably greater success 
compared to tapered cast post and core restora-
tions [ 20 ]. 

 There is strong evidence to support the notion 
that the clinical longevity of an endodontically 
treated posterior tooth is signifi cantly improved 
with a coronal cuspal coverage restoration [ 18 , 
 20 – 22 ]. One retrospective study, using a 

a

d e

b c

  Fig. 17.1    Clinical photographs and radiographs showing 
pre-endodontic restorability and periodontal assessment 
considerations. Note: ( a – c ) tooth 17 presented with gross 
buccal caries extending subgingivally. A crown- 
lengthening procedure was not possible due to the extent 
of caries and future crown margin encroaching near the 

furcal region of the tooth ( black arrow ). The tooth was 
extracted. ( d – e ) A lower left fi rst molar presented with 
gross secondary caries. The tooth was deemed unrestor-
able and extraction carried out. The decision to carry out 
complex endodontic treatment must take into account the 
long-term restoration and whether or not this is feasible       

 

17 Restoration of the Endodontically Treated Tooth



418

 multivariant model and proportional hazard sur-
vival analysis, evaluated the effect of crown 
placement on endodontically treated teeth and 
their survival. Endodontically treated teeth with-
out crowns were lost at a six times greater rate 
than teeth with crowns [ 22 ]. 

 All endodontically treated teeth that require 
extra-coronal cuspal coverage restorations also 
require a coronal-radicular core restoration. The 
purpose of the core restoration with or without a 
post is to replace lost dentine and provide internal 
support and retention for the crown ensuring 
resistance against cervical tooth fracture. The 
presence of a circumferential ring of sound tooth 
structure (ferrule) at the crown-root interface 
is critical for the long-term success of the 
crowned endodontically treated tooth (Fig.  17.3 ). 

A  minimum ferrule of 1.5–2 mm is required 
between core and crown margin to provide a 
bracing or casing action to protect the integrity of 
the root. When a crown is placed with optimal 
ferrule, the crown and root function as one inte-
grated unit dissipating occlusal forces to the 
underlying periodontium without undue stresses 
resulting in crown/post dislodgement or root/post 
fracture. In cases where an adequate ferrule is not 
present then due consideration must be given to 
either forced orthodontic eruption or surgical 
crown lengthening or extraction [ 23 ,  24 ].

   The anchorage provided by a well-placed 
core utilising the pulp chamber can be suffi -
cient to both reinforce and replace the remain-
ing coronal tooth structure. In posterior molar 
teeth, a coronal-radicular core build-up using 

a

c d

b

  Fig. 17.2    Clinical radiographs and photographs demon-
strating ( a ) failing endodontic treatment associated with 
tooth 11. The tooth had previously undergone periapical 
surgery and suboptimal orthograde root canal treatment. 
Treatment options were discussed with the patient, and a 

decision to replace the tooth with a single tooth implant 
was made. ( b – d ) The tooth was extracted and replaced 
with a single tooth implant. Tooth 21 had a cast restoration 
replaced to match the new implant abutment and provide 
optimal aesthetics       
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amalgam  utilising the pulp chamber and 2 mm 
into each canal space has proved to be success-
ful in clinical studies [ 25 ]. Additional retention 
can also be provided by the use of intra-dentinal 
pins [ 26 ], amalgapins [ 27 ] and dentinal slots and 

grooves [ 28 ]. With the advent of modern adhe-
sive techniques, these types of retention methods 
have been superseded due to concerns of further 
w eakening the tooth as a direct result of further 
coronal tooth structure loss [ 29 ]. 

a b

c d

  Fig. 17.3    Clinical radiographs and photographs showing 
limited coronal tooth structure and inadequate ferrule. 
Note: ( a ,  b ) tooth 21 has previously undergone root canal 
treatment and apicoectomy procedures. ( c, d ) Tooth 25 
shows limited circumferential ring of sound tooth struc-
ture (ferrule). Both cases highlight the complexities 

involved when treatment planning cases for endodontic 
treatment. The cost/benefi t of root canal procedures, 
crown lengthening, and complex post and core restora-
tions must be outweighed against perhaps more predict-
able alternative prosthodontic replacement options       
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 Anterior teeth with minimal loss of tooth 
structure can be restored conservatively with a 
bonded restoration in the access opening without 
the use of a post [ 18 ]. The use of modern direct 
composites and resin bonding materials is at the 
forefront of contemporary minimally invasive 
aesthetic dentistry and will provide satisfactory 
aesthetic results restoring function and aesthet-
ics, whilst preserving healthy tooth tissue [ 30 ]. 
Where there has been substantial tooth structure 
loss or in addition where the tooth is aestheti-
cally displeasing, then crowning may be indi-
cated. The primary disadvantage of using 
indirect conventional metal-ceramic crowns is 
the signifi cant buccal surface tooth reduction 
(approximately 1.5–2 mm) that is required to 
accommodate both metal and ceramic core [ 31 ]. 
The use of all-ceramic crowns (e.g. Procera, 
Nobel Biocare, Zurich, Switzerland. Empress, 
Ivoclar Vivadent, Amherst, NY, USA. In-ceram, 
H.Rauter GmbH & Co. KG, Bad Säckingen, 
Germany) as an alternative to metal-ceramic res-
torations has been driven by both superior aes-
thetics and increased strength in thin sections 
resulting in a viable option for anterior and pos-
terior teeth [ 32 ]. 

 In posterior teeth, as discussed earlier, the lon-
gevity of the root canal therapy is dependent on 
the quality of the coronal restoration in terms of 
both tooth survival and potential fracture and pre-
vention of coronal leakage and possible reinfec-
tion. Root canal treatment outcomes evaluated in 
a large-scale epidemiological study of more than 
one million patients showed that 85 % of teeth 
that had been extracted had no full coronal resto-
ration. They also found a sixfold increase in fail-
ure rate in posterior teeth with no crowns 
compared with posterior teeth with crown resto-
rations [ 33 ]. Prosthetic reconstruction of poste-
rior endodontically treated teeth without adequate 
cuspal coverage using conventional amalgam has 
been shown to be not suitable [ 17 ]. The use of 
amalgam crown restorations, with a minimal 
2 mm thickness of cuspal coverage, has shown a 
cumulative survival rate of 88 % after 100 months 
and a less expensive alternative to cast restora-
tions [ 34 ,  35 ]. Their intended use may be particu-
larly benefi cial when the endodontic prognosis is 

questionable and longer-term follow up is 
 envisaged providing a relatively inexpensive and 
predictable interim restoration. 

 The use of tooth coloured direct composite 
restorations has also been evaluated for use in the 
restoration of root-fi lled teeth. Fibre posts with 
direct composite restorations in root-fi lled pre-
molars with limited tooth structure loss have 
been shown to exhibit equivalent survival rates 
compared with premolars restored with crowns 
after 3 years [ 36 ]. The long-term survival of 
direct composite restorations, particularly in 
load-bearing areas, is questionable due to natural 
wear and tear resulting in either fracture or mar-
ginal discrepancies that can lead to reinfection 
and failure. In a longitudinal outcome study 
based on a systematic review, root-fi lled teeth 
restored with crowns had a 10-year survival rate 
of 81 %. Teeth restored with direct restorations 
(such as amalgam or composite) had a survival 
rate of 63 % [ 37 ]. The use of composite restora-
tions in posterior teeth may be best served as a 
core material in preparation for future cast cuspal 
coverage restoration. 

 Cast gold partial restorations (onlay, three- 
quarter and seven-eighths) and full coverage 
crowns allow for the most conservative tooth 
preparation ensuring optimal preservation of 
residual tooth structure. They are useful in poste-
rior teeth where aesthetic demands are not of 
paramount importance or where the patient 
exhibits parafunctional habits (bruxism) or there 
is limited inter-occlusal space. The reduction 
required for gold restorations can be as little as 
0.7 mm in non-load-bearing areas and up to 
1.5 mm in load-bearing areas [ 6 ]. Both metal- 
ceramic restorations and all-ceramic crowns have 
also been shown to be effective and again useful 
when aesthetics is of particular importance. 

 When insuffi cient coronal tooth structure 
exists to retain a core, then a post is a universally 
accepted treatment modality. Previously consid-
ered to provide further reinforcement, it is now 
widely recognised to help retain the core build-up 
albeit there is a greater risk of signifi cantly weak-
ening the root as result of post preparation [ 15 , 
 38 ,  39 ]. The decision to place a post must be 
weighed up against the inherent risks associated 
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with post preparation including procedural 
 accidents such as perforations in the apical or 
mid-root of the tooth, increased risk of root 
 fracture and treatment failure [ 40 ] (Fig.  17.4 ).

   Posts can be categorised into metallic posts, 
prefabricated posts, zirconium and ceramic posts 
and non-metallic posts (fi bre). Metallic and pre-
fabricated post systems are conventionally more 
rigid in design compared to non-rigid fi bre post 
systems. Metallic custom-cast post and core sys-
tems are constructed by making an impression of 
the post space (direct or indirectly) and fabrica-
tion of the post from precious or non- previous 
casting alloys in the laboratory. A systematic 
review demonstrated no superiority between cast 
posts over direct post and core restorations [ 41 ]. 

The disadvantage of a custom- cast post and core 
system includes increased cost and time involved 
for the patient. The main advantage of the cus-
tom-cast post designed to fi t the tooth is the 
greater potential for tooth conservation. This is of 
particular importance in teeth with small thin 
tapered roots such as premolars, maxillary lateral 
incisors and mandibular molars which could be 
signifi cantly weakened by further instrumenta-
tion necessary to fi t a prefabricated post [ 42 ]. 

 Prefabricated posts are typically made from 
stainless steel, nickel-titanium alloy or titanium 
and come in a variety of designs. They can be 
divided into tapered or parallel and active or pas-
sive. A tapered post is less retentive in compari-
son to a parallel post but helps to preserve dentine 

a b

  Fig. 17.4    Clinical radiographs demonstrating endodon-
tic re-treatment, crown lengthening, and new post and 
core crown replacement for tooth 45. Note ( a ) preopera-
tive radiograph showing parallel post-core restoration 
with defective margins ( red arrows ) and coronal microle-
akage. Clinically minimal ferrule height was confi rmed 
following removal of crown and post. After initial removal 
of gutta- percha, chemo-mechanical preparation, and 
patency confi rmation, the tooth was dressed with calcium 
hydroxide. The patient was referred to a periodontist to 
confi rm that crown lengthening was feasible. Following 
completion of endodontic therapy, the patient returned to 

the periodontist for crown lengthening, followed by an 
interim 3-month healing period. ( b ) The patient was then 
seen for fi nal fi ber post, core, and permanent crown place-
ment. Complex re-treatment occasionally requires a mul-
tidisciplinary approach. Provided all stages of treatment 
are executed correctly, then the long-term prognosis 
should be good. Careful planning with the patient is cru-
cial from the outset including discussion of alternative 
prosthodontic replacement options. In this case the patient 
could have opted for a single-unit implant which would 
have been of similar expense       
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and reduces the amount of dentine that needs to 
be removed to accommodate the post [ 43 ]. 
Conversely the parallel post provides the greatest 
retention (particularly if the surface is grooved or 
roughened) but requires tooth structure to be sac-
rifi ced in order to accommodate the post. There 
has been concern with regard to the wedging 
effect when using tapered posts that may predis-
pose to root fracture and loss of post retention. 
Passive posts are retained primarily by the fric-
tional retention of the luting cement and induce 
less stress into the root compared to active posts, 
although are less retentive. Active posts imply 
that the threads of the post engage or screw into 
the walls of the canal. 

 Zirconium and ceramic post systems were 
developed in view of the aesthetic problems asso-
ciated with metal posts and the possibility of vis-
ibility through translucent all-ceramic 
restorations. Disadvantages of these posts include 
greater rigidity and brittleness, greater tooth 
removal required as a consequence of thicker 
post diameters necessary to compensate for 
weakness and signifi cantly more root fractures 
in vitro compared to fi bre posts [ 44 ,  45 ]. In addi-
tion, retrieval of zirconium and ceramic posts is 
very diffi cult if endodontic retreatment is indi-
cated requiring excessive removal of dentine and 
post removal by grinding the ceramic or zirco-
nium post, which is both risky and tedious. Their 
use should be avoided if at all possible. 

 Non-rigid non-metallic prefabricated post sys-
tems consist of carbon fi bre, glass fi bre, quartz 
fi bre and silicon fi bre posts. The posts were man-
ufactured for use in conjunction with highly aes-
thetic restorations whereby the post was bonded 
utilising resin luting cements incorporating com-
posite cores. The fi rst reinforced fi bre posts were 
made with longitudinally arranged black carbon 
fi bres embedded in an epoxy resin matrix that fell 
out of favour due to their dark colour. These were 
rapidly replaced by more aesthetically pleasing 
tooth coloured/white and translucent glass and 
quartz fi bres. The main advantage of using a fi bre 
post is that the mode of failure is generally more 
retrievable compared to other post systems. 

Although the load to failure is greater in metallic 
posts, they result in signifi cantly greater root 
fractures [ 45 – 47 ]. 

 Post retention is dependent on several factors 
including post confi guration, length, diameter, 
surface preparation and cementation. Post diam-
eter is the least important factor and should be 
designed to conform to the pre-existing canal 
diameter without sacrifi cing further tooth struc-
ture, which further weakens the tooth (Fig.  17.5 ). 
Regarding post confi guration, the active threaded 
post is the most retentive, followed by the passive 
parallel post. The passive tapered post is the least 
retentive [ 43 ,  48 ]. One must bear in mind that 
active threaded posts can induce stresses in the 
root dentine that may lead to crack initiation and 
predisposition to root fracture at a later time.

   Increasing the length of the post increases the 
retention. The length of the post should at least 
equal the length of the clinical crown [ 21 ]. Short 
posts lead to greater stress in the coronal aspect 
of the canal increasing susceptibility to dislodge-
ment or root fracture (Figs.  17.5  and  17.6 ). One 
study reported that two-thirds of the posts associ-
ated with vertically fractured endodontically 
treated teeth were extremely short, terminating in 
the cervical third of the root [ 49 ]. Ideal post 
length must be weighed up against anatomical 
and morphological factors such as apical root 
structure thickness and furcal concavities which 
may increase the risk of perforation and weaken-
ing of the tooth together with the need to main-
tain an apical seal (dictated by remaining 
gutta-percha) [ 50 ]. To avoid reinfection of the 
periapical region following post preparation, at 
least 4–5 mm of apical gutta- percha should be 
retained [ 50 ,  51 ]. Once the post has been pre-
pared, the post should be cemented as soon as 
practically possible to reduce the potential for 
apical leakage and reinfection [ 52 ,  53 ].

   The long-term success of post retained resto-
rations is also dependent on the resistance form. 
Resistance refers to the ability of the post and 
tooth to withstand lateral and rotational forces 
and is provided by three factors: anti- rotation fea-
tures, the presence of a ferrule [ 23 ,  24 ] and 
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remaining tooth structure. Anti-rotation features 
such as slots or pins can be incorporated in the 
absence of signifi cant vertical tooth height [ 18 , 
 54 ]. A minimum crown height of at least 1.5 mm 
apical to the margin of the core is needed to pro-
vide signifi cant resistance to fatigue failure of the 
cement seal [ 55 ]. 

 The failure of endodontically treated teeth is 
usually not a consequence of endodontic treat-
ment, but inadequate restorative therapy or peri-
odontal reasons. Prior to the initiation of 
endodontic treatment, the restorability, occlusal 

function, periodontal health, biological width and 
crown-root ratio need to be assessed. Direct 
adhesive restorations, indirect bonded restora-
tions and traditional full crowns are three thera-
peutic options for single posterior endodontically 
treated teeth. Posts may be utilised for retention 
of core material and to replace missing tooth 
structure. The amount of remaining sound tooth 
structure is the most signifi cant factor in deter-
mining the most appropriate technique, material 
and type of restoration employed to restore the 
functional needs of the patient [ 56 ,  57 ].  

a b

  Fig. 17.5    Diagrammatic representation of ( a ) post length 
and ( b ) post diameter and their effect on post retention. 
Increasing the post length increases the retention of the 
post and the length should be at least equal to the length of 
the clinical crown. Post length must be weighed up against 
anatomical and morphological factors which may increase 

the risk of perforation ( red arrows ). Post diameter is the 
least important factor when designing an ideal post and 
should conform to the preexisting canal diameter without 
sacrifi cing further root structure and predisposing to frac-
ture or perforation ( purple arrows )       
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17.2     Core Materials 

  Amalgam  
 The use of amalgam as a material for core res-

torations of endodontically treated teeth has been 
advocated and practised since its earliest use as a 
conventional restorative material. In addition to 
its well-documented physical properties, its han-
dling has allowed clinicians to utilise amalgam as 
a direct core material in situations where bonding 
would either be diffi cult or inappropriate for rea-
sons of moisture control. Its inherent compres-
sive strength has made it the material of choice 
for posterior load-bearing situations; whilst it had 
been used in anterior teeth prior to the advent of 
reliable resin bonding techniques, its colour 
(inherent as well as imparted) has obvious 

 drawbacks in the aesthetic zone. Also worth 
 noting is its low strength in thin sections and 
under tensile forces; clinicians should therefore 
ensure that adequate resistance form is present 
when placing amalgam in smaller sections, and 
as such, adequate tooth preparation to ensure 
these parameters are fulfi lled may result in fur-
ther undermining and resultant weakening of 
residual tooth structure. 

 The Nayyar core has been the most prevalent 
application of amalgam as a core material, and 
this technique has been shown to provide a reli-
able seal for the endodontic obturation, as well as 
providing a stable foundation restoration for any 
overlying indirect restorations. In some cases, 
where the morphology of the residual tooth dic-
tates (e.g. thin axial walls, inadequate cuspal 

a b

c d

  Fig. 17.6    Clinical photographs demonstrating a failed 
post and core restoration associated with tooth 21. Note: 
( a ) limited coronal tooth structure with adequate ferrule 
and ( b ) short post length resulted in prosthodontic failure. 

( c – d ) The 21 was subsequently de-coronated and a tem-
porary fi xed-fi xed tooth-supported FDP fabricated follow-
ing its extraction       
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height), the Nayyar core technique may be 
employed to build up a direct ‘amalgam crown’ 
which utilises the canal orifi ces and pulp  chamber 
morphology to retain a single restoration from 
orifi ce to cusp tip. It should be noted, however, as 
with any technique, that the effi cacy of amalgam 
as a core material is primary derived from the ini-
tial seal at the restoration-obturation interface; 
this is best achieved with a layer of  barrier mate-
rial, such as glass ionomer cement or Cavit, 
between the obturation material and the amalgam 
core. Pulp burs or post preparation drills may be 
utilised to prepare adequate width and depth of 
space to allow condensation of amalgam into ori-
fi ces and chambers (Fig.  17.7 ).

    Composite  
 The advent of reliable resin bonding tech-

niques by Buonocore has led to the use of resins 
in various restorative situations, including as a 
core material. The primary obstacles for all resin 
restorations are inherent in these  situations, as 
they often involve challenging moisture control 
and poor access for light penetration to photoacti-
vators. However, improved handling characteris-
tics and physical properties have resulted in 
composite resins being utilised more widely as a 
core material, not only in aesthetically sensitive 
sites but also posterior teeth where access may be 
more diffi cult. Enhanced packability (i.e. the abil-
ity for composite resin to be condensed by instru-
mentation) allows clinicians to place resins into 
smaller and more morphologically complex cavi-
ties. Reduced polymerisation shrinkage and 
smaller accompanying c-factors have also played 
a signifi cant role in the suitability of composite 
resin materials for placement into  previously 
inappropriate cavity confi gurations. In addition, 
the increased prevalence of dual- or self-curing 
resins has given clinicians greater fl exibility in the 
range of  situations in which these materials may 
be utilised with greater degrees of success, where 
light penetration may be less than optimal (e.g. 
deep orifi ces, posterior teeth). Despite advances 
in dentine bonding, clinicians should still be wary 

of utilising resins at the obturation- restoration 
interface, as moisture control following prepara-
tion can often be diffi cult in these sites, and the 
use of a barrier material (such as GIC or Cavit) is 
still recommended (see Fig.  17.8 ). 

  Glass ionomer cement  
 Various forms of glass ionomer cement (GIC) 

have become available since the early introduc-
tion of the material, which have improved on the 
handling characteristics and mechanical proper-
ties of conventional GIC. These include metal-
reinforced GIC, resin-modifi ed (or hybrid) GIC 
and compomers. As with any core material, how-
ever, compressive strength and resistance to frac-
ture under oblique loading situations is highly 
critical; to date, none of these variations or con-
ventional forms of GIC appear to meet the crite-
ria for satisfactory core restorations. The use of 
GIC as a lining material under other core materi-
als is recommended due to its tight chemical seal 
with dentine under moist conditions. 

  Pins  
 The use of pins to facilitate the mechanical 

retention of restorative materials has been widely 
documented and practised. However, due to 
advances in the chemical adhesion of resin and 
glass ionomer materials to tooth structure, their 
use has been increasingly limited to scenarios in 
which mechanical retention is lacking for metal-
lic (cast/indirect or condensed/direct) restora-
tions. The use of pins has also been shown to 
increase susceptibility of surrounding tooth 
structure to fracture, especially in areas where the 
morphology of residual tooth structure is thin or 
undermined. As such, the use of pins should be 
avoided in canal orifi ce or peri-radicular areas, as 
residual dentine walls are often thin and signifi -
cantly weakened. In addition, the use of amalgam 
in these situations most often does not require the 
auxiliary mechanical retention provided by pins 
as the divergent canal orifi ces and pulp chamber 
morphology should provide suffi cient retentive 
form for the core.
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a b

c d

  Fig. 17.7    Clinical radiographs demonstrating nonsurgi-
cal endodontic treatment of tooth 24 through a metal-
ceramic crown restoration. Note: ( a ) preoperative view of 
tooth 24 demonstrating periradicular infection and calci-
fi ed root canal system. ( b ) Following access cavity prepa-
ration through the crown, two canals were located which 
were confl uent in the apical 1/3. Chemo- mechanical 

 preparation was completed using sodium hypochlorite 
solution (1 %), and an interim calcium hydroxide dressing 
was placed for 3 weeks. ( c ) The canals were obturated 
using AH plus cement and warm vertical compaction 
technique. ( d ) The coronal pulp chamber and access cav-
ity is sealed with a Nayyar core technique       
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17.3        Full Cuspal Coverage 
Restorations 

  Amalgam  
 The use of amalgam as a defi nitive, cuspal 

coverage restoration in endodontically treated 
teeth is well documented. The historical use of 
amalgam as a conventional restorative material 
for large posterior restorations has led naturally 
to its employment in cuspal coverage situations 
for endodontically treated teeth. This is most con-
ventionally performed as a single amalgam post-
core-crown restoration, where amalgam is 
condensed from the prepared canal orifi ces all 
the way to the coronal cuspal aspect. As with all 

cuspal coverage restorations using amalgam, it is 
important to follow cavity preparation guide-
lines, especially with regard to adequate cuspal 
reduction to allow for suffi cient bulk strength of 
amalgam over these sites. The direct amalgam 
crown is a particularly useful technique when the 
morphology of residual tooth structure indicates 
that further axial preparation will lead to signifi -
cant weakening of the tooth, or loss of retention 
or resistance form. Its use should also be consid-
ered when previous restorations have deep gingi-
val margins, which may then lead to encroachment 
of the biologic width with further gingival prepa-
ration for indirect restorations. The ability to 
visualise and prepare a deep gingival margin as 

a b

  Fig. 17.8    Clinical radiographs demonstrating nonsurgi-
cal root canal treatment of tooth 26. Note: ( a ) preoperative 
radiograph showing ceramic onlay restoration. The tooth 

was non-vital with a periradicular radiolucency associated 
with the palatal root. ( b ) Completed endodontic treatment 
with a glass ionomer and composite core buildup       
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well as the potential diffi culties associated with 
tissue management, moisture control and accu-
rate impression taking should also be considered, 
and in these situations, a direct amalgam crown 
may be more appropriate. 

  Gold  
 The main advantage of the cast gold restoration 

is its high strength in thin sections, which allows for 
minimal preparation of underlying teeth. In addi-
tion, the fi ner preparation margins allow for better 
adaptation and seal with mechanical burnishing of 
high-gold alloys against preparation margins. As 
such, in endodontically treated teeth which have 
already suffered signifi cant loss of tooth structure, 
especially on the axial aspects, cuspal coverage 
utilising gold is of great value in preserving the 
remaining tooth structure. In addition, posterior 
sites with limited interarch (or inter-occlusal) space 
also benefi t from the minimal occlusal reduction 
required for placement of cast gold restorations. 
Conversely, teeth that have minimal loss of existing 
structure other than the endodontic access cavity 
may also benefi t from the maximal preservation of 
tooth material afforded by cast gold preparations. 
These less extensive preparations may take the 
form of partial onlays, three-quarter or  seven- eigth 
crowns (partial veneers) which seek to provide pro-
tection of vulnerable cusps (with fl exure widths of 
under 3 mm) without further preparation of more 
robust areas of the residual tooth; this in turns 
allows for less destruction of tooth structure and 
also preservation of buccal faces for aesthetic pur-
poses. Cast gold restorations can also be luted onto 
tooth structure with most luting agents, excluding 
those which require photoactivation for polymeri-
sation. As such, in sites where moisture control 
may be diffi cult, the placement of cast gold restora-
tions utilising conventional GIC or zinc phosphate 
cements may be highly appropriate. 

  Ceramic  
 The use of all-ceramic restorations for the 

restoration of endodontically treated teeth is a 
relatively contemporary phenomenon, with the 
advent of stronger ceramic materials allowing 
clinicians to increase their restorative armamen-
tarium in such situations. The move away from 

purely  feldspathic porcelains to tougher, more 
resilient ceramic materials has led to the increas-
ing use of these restorations in a wider range of 
clinical scenarios. More recently, the burgeoning 
technologies of computer-aided design (CAD) 
and computer-aided manufacture (CAM) have 
resulted in a plethora of ceramic materials being 
available for multiple clinical uses, including cus-
pal coverage restorations. Leucite-reinforced lith-
ium disilicate, zirconia and alumina are the major 
material types currently available on the ceramic 
market. These materials boast physical properties 
which make their consideration in certain clinical 
scenarios appropriate; these include high com-
pressive and fl exural strength, low coeffi cient of 
thermal expansion and favourable optical proper-
ties. However, due to this diversity of materials 
and their properties, clinicians must exercise care 
in their selection of the appropriate material for 
each case, as their varying properties will have a 
signifi cant infl uence on their success in each sce-
nario. One of the main points to consider is the 
fl exural strength of these restorations, especially 
in thin sections, which may be required at gin-
gival margins. In addition, the suggested luting 
materials for these restorations are often resin-
based, which requires absolute moisture control, 
which may be diffi cult to achieve in certain sites. 
Wear of opposing materials (restorative or natural 
tooth) should also be considered when employ-
ing ceramic restorations that may or may not be 
veneered by feldspathic porcelain or treated with 
glazing layers. The increased use of monolithic 
materials by clinicians and laboratories employ-
ing on-site CAD/CAM fabrication processes 
requires clinicians to be vigilant about achieving 
high surface smoothness by appropriate polishing 
protocols. 

 The CAD/CAM CEREC (computer-assisted 
CERamic REConstruction) system is used for 
electronically designing and milling restorations. 
Dentists who employ this technique can manufac-
ture a restoration without the need for laboratory 
assistance, impressions or temporary restora-
tions. The restoration can be designed in less than 
5 minutes and milled in 10–12 minutes resulting 
in signifi cant time and cost savings for the dental 
practice. A number of clinical studies of CEREC- 
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manufactured restorations have reported ditching 
at the margins due to wear of the resin cement 
which could result in marginal leakage and fail-
ure of endodontic treatment (Fig.  17.9 ).

    Adequate ferrule  
 The presence of an adequate ferrule is a foun-

dational concept in the restoration of endodonti-
cally treated teeth. In engineering terms, a ferrule 
is a metal ring or band that provides stability and 
strength to a terminal end of a rod or joint. This 
banding effect allows for the distribution of 
forces from a working or loaded end to the sup-
porting handle or rod without damage to the joint 
or handle. As such, the transfer of force is opti-
mal when distributed circumferentially and is 
only as strong as the weakest point. For endodon-
tically treated teeth, this idea of a re-enforcing 
ring is best captured by a ring of natural, healthy, 
robust tooth structure which forms the circumfer-
ential seat of an indirect restoration. 

 In general, ferrule should be completely cir-
cumferential (without exception), at least 2 mm 
high, and as thick as possible (minimum 1.0 mm) 
(Fig.  17.10 ). This ring of sound tooth structure is 
what allows for consistent and even distribution 
of loading forces onto a wider surface of tooth 

and minimises the concentration of force on one 
particular aspect of the restoration margin or 
underlying post or core restoration. Undue forces 
in these areas (especially down a post) can lead to 
premature tooth or root fracture, which is most 
often irretrievable and unrestorable.

17.4        Posts 

  Types  
 The primary purpose of the endodontic post is 

the provision of additional retention for the core 
restoration, regardless of material type. Much of 
the research to date has shown that past attempts 
to utilise posts to stiffen residual tooth structure, 
especially at the cervical region, were largely 
unsuccessful and this paradigm has since shifted 
to the preferred preservation of tooth struc-
ture and the utilisation of posts purely for core 
retention. 

 The large variety of posts available on the 
market today can be classifi ed into several differ-
ent categories: prefabricated/custom, active/pas-
sive, serrated/smooth, tapered/parallel, metal/
carbon fi bre/composite/ceramic and bonded/
cemented (Figs.  17.11  and  17.12 ).

a b c

  Fig. 17.9    Clinical radiographs demonstrating nonsurgi-
cal endodontic re-treatment of tooth 37. Note: ( a ) preop-
erative view demonstrating post retained full gold crown 
restoration with suboptimal root canal therapy and perira-
dicular infection. ( b ) Post-treatment radiograph. The full 
gold crown restoration was dismantled, posts removed 
and endodontic re-treatment carried out. A double-seal 
IRM/GIC core restoration was placed and temporary 

crown re-cemented. The patient was advised to see her 
general dental practitioner for permanent cast cuspal cov-
erage restoration. ( c ) A 12-month follow-up radiograph 
demonstrating periapical healing. A CEREC crown had 
been constructed. Note the marginal discrepancy mesially 
( yellow arrow ) with composite cement that could poten-
tially lead to failure       
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    In all of these key differences, each option 
must be carefully considered by the clinician to 
select the most appropriate type for each case. 
The increasing cost of precious alloys and higher 
patient demand for aesthetic restorations have led 
to the increased prevalence of prefabricated post 
types. The custom post (or cast post-core) also 
requires more clinical stages and is more suscep-
tible to error at each stage; nevertheless, the cast 
post-core restoration is one of the best docu-
mented post types and has the advantage that it 

is the only post type which allows minimal 
 preparation of the canal for post space, which is 
especially pertinent in cases where there is a pau-
city of residual radicular structure. The other key 
benefi t of the cast post-core is the inherent cohe-
sion between the post and core parts of the resto-
ration; these two aspects are cast as the same 
restoration and, as such, afford the best union 
between the core and post. 

 A reliable method for fabricating a custom- cast 
post and core is direct fabrication of the  pattern 

  Fig. 17.10    Clinical diagram showing ferrule principle. 
Note: ferrule walls ( solid red lines ) almost parallel. 
Minimum height of ferrule wall should be at least 2 mm 

and minimum thickness of 1 mm to ensure adequate brac-
ing of the crown to prevent catastrophic root fracture       
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utilising an autopolymerising resin (Duralay 
self cure resin or GC Pattern Resin). The tooth 
is prepared for the crown after the existing res-
toration, any dental caries and weakened tooth 
structure are removed. A post space is created 
ensuring adequate length by removal of gutta-
percha maintaining 4–5 mm of apical seal. The 
canal is lightly lubricated and the plastic dowel 
is checked for fi t ensuring it extends to the full 
depth of the post space. A bead brush technique is 
used, and autopolymerising resin is added to the 
canal space, and the plastic dowel is seated com-
pletely. The resin is not allowed to set completely 
by loosening the dowel and  re-seating it several 
times whilst it is still ‘setting’. Once the resin has 
polymerised, the pattern is removed and inspected 
for any undercuts that are removed accordingly. 
The pattern post is again measured to verify cor-
rect post length and fi t and ensuring it goes easily 
in and out of the canal without any interference. 
Additional resin is then added for the core. The 
fi nal resin pattern post is then invested and cast 
in type II or type IV gold. Following casting the 
precious metal post can be cemented using zinc 
phosphate cement or GIC luting cement for inti-
mate adaptation. A further impression is required 
for the overlying casting (see clinical case 3). 

 Alternatively the indirect method for fabrica-
tion of a custom post and core restoration is to 
take an impression of the post space using an elas-
tomer and then the pattern can be fabricated on 
a die. The advantages of a custom post and core 
are less mechanical interfaces (i.e. post, tooth and 
core, crown) as opposed to three surfaces using 
prefabricated posts (i.e. post, tooth; core, crown; 
and post, core). Less mechanical interfaces means 
a greater chance of marginal adaptation with less 
discrepancies. The disadvantage, however, is 
that they are technically demanding and require 
greater chairside time (Fig.  17.13 ).

   Conversely, all prefabricated post types 
require some degree of canal preparation to allow 
for a ‘best-fi t’ post to be inserted into the space. 
This will require removal of radicular wall den-
tine and can result in a poor adaptation of the post 
to the canal if the most appropriate size post is 
not selected. The use of drills for the preparation 
of the post space is also a potentially hazardous 
stage, as maintaining parallelism along the path 
of the canal can be diffi cult. Nevertheless, the 
large range of materials and designs available for 
prefabricated posts has led to their increasing use 
in a variety of clinical situations. Regardless of 
the type of post used, it should be noted that these 

a b c d

  Fig. 17.11    Clinical diagrams showing ( a ) custom cast post and core design and ( b – d ) prefabricated post designs. 
Note: ( b ) tapered smooth, ( c ) tapered self-threading, and ( d ) parallel serrated       
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are technique-sensitive procedures and, as such, 
care should be exercised in all stages of post 
placement. Those which require additional steps, 
such as fl aring of post spaces, or bonding of 
resin-based luting cements, can be particularly 
challenging. The introduction, manipulation and 
control of etching agents, primers and bonding 
agents in constricted canal spaces is diffi cult in 
most situations, as is the photoactivation of luting 
agents with curing lights. Therefore, where 

 possible, conventionally cemented posts should 
be utilised in preference to bonded post types. In 
addition, the use of screw-type (active) posts 
should be avoided as these have been shown to 
introduce microfractures in dentine walls, which 
result in premature fatigue failure of tooth struc-
ture around active posts. 

 The defi ning feature of any successful post 
should be preservation of a maximal amount of 
residual tooth structure and adequate means 

a

b

  Fig. 17.12    Clinical photograph and radiograph demon-
strating several types of posts and their respective 
radiodensities. Note: ( a ) shows fi ber posts, smooth paral-

lel, tapered serrated, smooth parallel serrated, and tapered 
self-threading screw post. ( b ) Fiber posts have the least 
radiopacities compared to prefabricated metal posts       
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of adhesion (mechanical or chemical) to the 
overlying core material. 

  Post space preparation  
 The primary goal of post space preparation 

should be to preserve a maximal amount of resid-

ual tooth whilst creating the means for a close 
adaptation between the post and root. The integ-
rity of the apical seal should also be maintained 
by preserving at least 4–5 mm of obturation 
material apical to the post space (Fig.  17.14 ). In 
addition, the use of a barrier seal above the obtu-

a

d

f g h

e

b c

  Fig. 17.13    Clinical photographs of post crown prepara-
tion in tooth 23 using the indirect method of fabrication. 
Note ( a ) pre-operative view showing minimal ferrule. ( b ) 
Following crown preparation an elastomeric impression is 
taken of the pre-prepared post space. ( c ) A temporary post 
crown is fabricated using a pre-fabricated parallel smooth 

post. ( d ) Temporary post crown restoration in place with 
good marginal adaptation to maintain coronal seal. ( e ) 
Shade selection. ( f ) Metal-ceramic crown on die and ( g ) 
custom fabricated gold post cemented in place. ( h ) Final 
permanent post core restoration with overlying metal-
ceramic crown cemented in place       
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ration should be utilised to maximise the extent 
and effect of the coronal seal – this may take the 
form of CAVIT or GIC. Where a post is to be 
cemented using GIC, this barrier may not be nec-
essary, provided that the GIC luting agent is 
introduced carefully into the most apical part of 
the preparation under the post. Post length should 
extend ½–¾ of the length of the root; however, in 
shorter roots, the minimum apical seal of 4 mm 
should be preserved at the cost of post length. No 
more than a single post is necessary for the reten-
tion of the core, and the most robust root with the 
widest canal space should be selected in multi-
rooted teeth (palatal roots of maxillary molars, 
buccal roots of maxillary premolars, distal roots 
of mandibular molars).

    Cementation  
 Several luting agents are available to the cli-

nician including zinc phosphate, glass ionomer, 
polycarboxylate, resin-modifi ed glass ionomer 
and resin cements. Zinc phosphate cement is 
often the cement of choice as it has an extended 
working time and high strength. The complete 
introduction of luting agent into a post space is 
critical in the successful seating of posts. Prior 
to this however, the prepared space should be 
debrided of the dentinal smear layer and pro-
teinaceous debris with the application of appro-
priate conditioning agents, rinsing with ample 
water and appropriate drying. All of these pro-
cesses can prove diffi cult in constricted spaces, 
and as such, auxiliary measures such as the use 

a b c

  Fig. 17.14    Diagrammatic representation of ideal length 
of remaining root fi lling and post length. Note: ( a ) 9 mm 
of gutta-percha results in a short post with poor retention. 
( b ) 3 mm of remaining gutta-percha increases the post 

length but compromises the apical seal. ( c ) Ideally 5 mm 
of gutta-percha ensures the apical seal is maintained with 
an adequate length of post       
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of long taper-tipped micro-applicator brushes 
and paper points may be required for these 
stages. The post should be smeared with an even 
layer of cement and thin coating of cement 
introduced into the post space. Once the post is 
inserted, it should be stabilised during the initial 
setting phase of the luting agent. Excess cement 
that extrudes past the coronal aspect of the post 
should be cleared in order to allow core material 
to come into intimate contact with the underly-
ing tooth and post head.  

17.5     Clinical Cases 

  Case 1     Non-surgical treatment of tooth 17 (dis-
tal bridge abutment) and permanent restoration 
with composite resin 

 A fi t and healthy 42-year-old female patient 
was referred for endodontic management of 
tooth 17 in specialist endodontic practice. The 
patient had been aware of localised pain and 
gingival swelling in relation to the tooth. Tooth 
17 was a distal bridge abutment with good mar-
ginal adaptation. Two draining sinuses were 
present in the overlying attached and alveolar 
mucosa. A narrow 7 mm probing profi le was 
noted in the mid-buccal aspect of the tooth. 
Radiographic examination revealed a fused root 
with obvious peri-radicular infection. Gutta-
percha points placed in the draining sinuses 
were tracked to the peri-apex of tooth 17. The 
patient was warned of the possibility of a root 
fracture, and a decision was made to embark 
upon non-surgical root canal therapy. Access 
cavity was prepared through the existing crown 
to reveal two necrotic canals. Chemomechanical 
preparation was completed using 1 % sodium 
hypochlorite solution. An interim calcium 
hydroxide dressing was placed and the patient 
reviewed at 4 weeks. At the review appointment, 
the sinuses had resolved and the pocketing was 
within normal limits. The patient returned for 
completion of endodontic treatment, and obtu-
ration was completed using a warm  vertical 
compaction technique using AH plus cement. A 

double seal IRM/glass ionomer  restoration was 
placed, and the patient returned to her general 
dental practitioner for placement of a composite 
core restoration (Fig.  17.15 ).

     Case 2     Non-surgical retreatment of tooth 15 and 
permanent restoration with CEREC crown 

 A fi t and healthy 24-year-old medical stu-
dent was referred for endodontic retreatment 
of tooth 15. The patient had been experienc-
ing pain and tenderness in relation to this tooth 
intermittently. Radiographic examination con-
fi rmed previous suboptimal root canal therapy 
in a single canal. An extensive peri-radicular 
infection was noted. A second untreated canal 
was suspected and the patient agreed to non-
surgical root canal retreatment. Access cavity 
was prepared and previous root fi lling material 
removed using a chloroform wicking technique. 
A second untreated palatal canal orifi ce was 
located. Patency was achieved in both canals 
and chemomechanical preparation completed 
using 1 % sodium hypochlorite solution. An 
interim calcium hydroxide dressing was placed 
for 3 months. At the review appointment, the 
patient’s symptoms had resolved and the tooth 
remained asymptomatic. The patient returned 
for completion of endodontic treatment. A 
warm vertical compaction technique using AH 
plus cement was used to obturate the canals. An 
interim double seal IRM/glass ionomer tempo-
rary restoration was placed. The patient was 
advised to proceed with permanent cast cuspal 
coverage restoration. At the 6-month review 
appointment, the tooth remained asymptomatic. 
The patient had had a CEREC crown placed. 
Radiographic examination revealed an intact 
periodontal ligament space associated with the 
peri-apex of tooth 15 (Fig.  17.16 ).

     Case 3     Non-surgical retreatment of teeth 12 and 
25 and permanent restoration with post crowns 
(direct Duralay method) 

 A 21-year-old fi t and healthy male patient 
was referred for endodontic retreatment of 
teeth 12 and 25 at the Eastman Dental Hospital. 
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The patient’s chief complaint was related to the 
dark appearance of tooth 12. The patient 
reported both teeth had undergone root canal 
treatment in his early teens, and following 
completion of treatment, the teeth had remained 
asymptomatic. 

 Clinical examination revealed tooth 12 had 
been restored with a composite restoration, which 
was stained. The clinical crown was discoloured 
with a yellow-grey appearance. Tooth 25 had an 
extensive MOD amalgam restoration. 

 Radiographic examination revealed tooth 12 
had an overextended root fi lling beyond the 
radiographic apex. A non-corticated well-defi ned 
radiolucency was noted. Tooth 25 had a poorly 
condensed root fi lling noted with a widened peri-
odontal ligament space at the peri-apex. The 
patient agreed to non-surgical root canal retreat-
ment of both teeth (Fig.  17.17 ).

   The overextended gutta-percha in tooth 12 
was retrieved using a Hedström braiding tech-
nique. Chemomechanical debridement and prep-
aration was uneventful. Nevertheless at the time 
of obturation, the coronal ½ of the crown frac-
tured resulting in a further master apical fi le 
radiograph being taken to confi rm the working 
length. After obturating the canal system, a post 
space was created using the ParaPost system by 
the hand (red), ensuring that at least 5 mm of api-
cal gutta-percha remained. 2 mm of IRM was 
placed over the remaining gutta-percha and the 
tooth was temporised using a temporary post and 
TempBond cement. A putty impression of tooth 
12 was made on the study cast. A temporary 
crown was constructed using bis-acryl resin 
(Integrity, Dentsply, Weybridge, UK) and 
cemented in place until a post and core were con-
structed using the direct Duralay technique. 

a b c

d e f

  Fig. 17.15    Clinical photographs and radiographs show-
ing nonsurgical endodontic treatment of tooth 17 (distal 
bridge abutment). Note: ( a ) gutta-percha points placed in 
the draining sinuses overlying the buccal aspect of tooth 
17. ( b ) Gutta-percha sinus tract radiograph confi rming 
association with tooth 17. ( c ) Preoperative parallel radio-
graph revealing calcifi ed canal system and periradicular 
infection apically. ( d ) Following access preparation 
through the existing cast restoration, two necrotic canals 
were chemo-mechanically prepared using 1 % sodium 

hypochlorite solution. An intra-canal dressing of calcium 
hydroxide was placed and the patient reviewed at 4 weeks. 
( e – f ) Following review the localized pocketing and 
sinuses had resolved. Obturation was completed using a 
warm vertical compaction technique using AH plus 
cement. A double temporary seal using IRM/glass iono-
mer cement was used. The patient returned to her general 
dental practitioner for placement of a permanent compos-
ite core restoration to prevent future reinfection       
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 Tooth 25 was asymptomatic but was being re-
root treated on the grounds of technical revision 
of the existing root fi lling prior to a permanent 
cast restoration being provided. Restorability was 
judged to be possible with the provision of a cast 
post to retain any future core. Root canal retreat-
ment was completed over two visits, and at the 
fi nal visit after obturation, post space was created 
in both palatal and buccal canals. 2 mm of IRM 
was placed over the remaining root fi lling and the 
tooth temporised with IRM until crown prepara-
tion and post impression for a direct two-part 
 sectional post and core. 

 Teeth 12 and 25 were prepared to receive a 
ceramo-metal crown. For the indirect post and 
core restoration of tooth 12, the margins were 
kept on natural tooth structure. A solid plas-
tic ParaPost equivalent to the drill used for post 
preparation was verifi ed for fi t into the canal. In 
a Dappens dish, acrylic resin monomer and poly-
mer were mixed to moderate viscosity (Duralay). 
The canal was lubricated with petroleum jelly and 
the orifi ce of the canal fi lled with acrylic resin. 
The pattern was coated with monomer and seated 
in the canal. The pattern was then pumped in and 
out during its setting phase (Fig.  17.19 ). After the 

a b c
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  Fig. 17.16    Clinical radiographs demonstrating endodon-
tic re-treatment of tooth 15. Note: ( a ) preoperative view 
showing single off-center canal obturated short of the 
apex. An extensive periradicular radiolucency was evi-
dent. A second untreated canal was suspect. ( b ,  c ) IAF and 
MAF radiographs. Following removal of previous root 
fi lling material using a chloroform wicking technique, 
two canals were chemo-mechanically prepared using 1 % 
sodium hypochlorite solution. Patency was maintained 
throughout the cleaning procedure and sonic irrigation 
was used to supplement canal cleaning. An interim dress-

ing of calcium hydroxide was placed for 3 months. At the 
review appointment, the tooth remained asymptomatic. 
( d – e ) The canals were obturated using a warm vertical 
compaction technique using AH plus cement. A double-
seal temporary IRM/glass ionomer restoration was placed 
as a temporary measure. ( f ) The patient returned 6 months 
later and the tooth has been restored with a CEREC resto-
ration. Radiographic examination confi rmed an intact 
periodontal ligament space apically       
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resin had polymerised, a second mix of acrylic 
resin was mixed and placed around the exposed 
part of the sprue and roughly moulded before 
fi nal adjustments using fi ne sandpaper discs. In 
tooth 25, the palatal canal was employed for the 
dowel preparation using the Duralay technique 
described above. The buccal canal had an orth-
odontic wire seated of equivalent diameter to 
ParaPost drill used for post preparation. When the 
acrylic had become tough and doughy, the orth-
odontic wire was pumped in and out to ensure that 

it could be removed easily. The crown form was 
subsequently built up (Figs.  17.18  and  17.19 ).

    For both teeth 12 and 25, a 4 mm wax sprue 
was attached to the facial surface of the Duralay 
pattern at an angle of about 45° (Figs.  17.18  and 
 17.19 ). The pattern was then sprayed with a wetting 
agent, and a layer of vacuum-mixed phosphate-
bonded investment material (Cera- Fina, Whip 
Mix Corporation, Utah, USA) was applied with a 
brush to the external surface of the pattern. The 
sprued pattern was placed in a lined casting ring, 

a b c
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  Fig. 17.17    Clinical radiographs demonstrating ( a – c ) 
nonsurgical endodontic re-treatment of tooth 25 and ( d – f ) 
nonsurgical endodontic re-treatment of tooth 12. Note: the 
MOD amalgam in the tooth was dismantled and restor-
ability assessment confi rmed that a post-crown restoration 
would need to be constructed. Tooth 12 was originally to 

be treated with a full ceramic crown restoration. However, 
during the chemo-mechanical preparation phase, the 
crown fractured. A post and core restoration would need 
to be fabricated to support the fi nal cast restoration. Both 
teeth were treated using the indirect post and core method 
using Duralay       
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which was then fi lled with investment  material. 
The laboratory technician carried out the casting 
procedure. After extraction from the casting ring, 
the post and core were treated with a 50 mm glass 
bead ‘sandblasting’ to remove the oxide layer. The 
sprue was then removed and any casting imperfec-
tions were removed under a microscope. 

 The post and cores were tried in to assess fi t. 
A periapical radiograph was taken to confi rm 
seating of the post and core. The post and core 
restorations were cemented using zinc phosphate 
cement and the excess removed (Fig.  17.20 ). An 
overimpression was made from the  diagnostic 

cast using Lab putty. Temporary crowns were 
constructed using bis-acryl resin (Integrity, 
Dentsply, Weybridge, UK) and cemented in place 
using TempBond cement prior to fi nal defi nitive 
cast restoration construction.

     Case 4     Non-surgical endodontic treatment tooth 
47 and permanent restoration with full gold 
crown restoration 

 A fi t and healthy 36-year-old patient was 
referred to the department of endodontics at the 
Eastman Dental Institute by his general dental 
practitioner (GDP) for root canal treatment of 

  Fig. 17.18    Clinical photographs demonstrating direct post and core construction for tooth 12       
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teeth 36 and 47. The patient attended his GDP 
who explained that both 36 and 47 were deeply 
carious and required endodontic therapy. The 
patient was aware of ‘past endodontic failures’ 
and given the strategic importance of these teeth 
preferred to be seen by a specialist if possible. 
The patient was an irregular attendee prior to reg-
istration with his GDP. 

 Soft tissue examination revealed a large 
hyperplastic discharging sinus associated with 
the mesial aspect of tooth 47. Tooth 47 had a frac-
tured amalgam restoration with a mesial tempo-
rary dressing. Extensive caries was noted in tooth 

36. Tooth 47 had a large carious lesion affecting 
the mesial pulp horn. The broad single root had 
an associated widening of the periodontal 
ligament. 

 Tooth 36 was extracted under local anaesthe-
sia. The extraction site healed uneventfully. 
Endodontic treatment of tooth 47 was carried 
out over three visits with calcium hydroxide 
used as an inter-appointment dressing. Irrigation 
using 2.5 % sodium hypochlorite was used 
throughout treatment. Working lengths of 
all canals were estimated using an electronic 
apex locator and subsequently verifi ed 

  Fig. 17.19    Clinical photographs demonstrating direct sectional post and core construction for tooth 25       
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 radiographically. Master apical fi le radiograph 
confi rmed that the ML and D canals joined api-
cally with the MB canal having a separate fora-
men. Obturation was completed with resolution 
of the sinus tract, using gutta-percha and Roth’s® 
SEALER, with a combination of ‘chloroform 
dip’ and cold lateral compaction apically, fol-
lowed by the ‘energised spreading’ technique 
coronally. The core was formed with IRM and 
amalgam (see Fig.  17.21 ).

   Tooth 47 was subsequently prepared for a full 
gold crown restoration. A sectional silicone 
impression was taken of tooth 47 to aid in making 
a temporary restoration. The tooth was prepared 
and impressions were taken using light- and 
heavy- bodied President silicone impression 
material. A working cast was constructed, 
trimmed and mounted in the intercuspal position 
using a Duralay bonnet (Fig.  17.21 ). 

 The restoration was waxed up on the sectional 
cast and marginated on the respective die under 
magnifi cation. The die was then sprued, invested 
and cast with type III gold (70 %). The fi tting sur-
face was examined under magnifi cation to check 

for casting errors and the restoration polished and 
occlusion checked. The restoration was then tried 
in the mouth, and the fi t, margin and occlusion 
were checked prior to cementation with zinc 
phosphate (Fig.  17.21 ).  

  Case 5     Non-surgical retreatment of tooth 17 and 
permanent restoration with full-cast gold crown 
restoration 

 A 58-year-old fi t and healthy accountant was 
referred for root canal retreatment of tooth 17 at 
the Royal London Dental Hospital. The patient 
had been experiencing intermittent localised pain 
and discomfort with the tooth, which had been 
previously treated, more than 15 years ago. 
Clinical examination revealed tooth 17 had been 
restored with a full gold crown restoration. Tooth 
17 was non-functional (opposing bilateral free 
end saddle cobalt-chrome denture). Radiographic 
examination confi rmed a marginal discrepancy 
associated with the coronal cast restoration. 
Gutta-percha root fi lling material was seen in the 
palatal canal (P) and silver point fi llings in the 

  Fig. 17.20    Clinical photographs and radiographs demonstrating post-cementation of the post and core and temporary 
crown restorations in teeth 12 and 25       
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mesiobuccal (MB1) and distobuccal (DB) canals. 
A peri-radicular radiolucency was noted with the 
MB1 and P apices. 

 A sectional impression was taken of tooth 17, 
as a template for fabrication of the temporary 
crown. The crown, caries and access cavity 
restorative material were removed. The silver 
points were removed by engaging them with a 25 

size Hedström fi le and then elevating the fi le in a 
clockwise motion with artery forceps, using the 
remaining coronal structure as a rest. 

 Following chemomechanical preparation, all 
canals were obturated with gutta-percha and 
Roth® Sealer; IRM® was used as a sub-coronal 
seal and the access cavity fi lled with amalgam 
(Fig.  17.22 ).

a b c d
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  Fig. 17.21    Clinical radiographs and photographs dem-
onstrating nonsurgical endodontic treatment of tooth 47 
and full gold crown restoration. Note: ( a ) preoperative 
view of tooth 47 with fused root and periradicular infec-
tion. ( b ) IAF and ( c ) MAF radiographs demonstrating 
acute apical curvatures and confl uence of canals. ( d ) Final 

obturation using warm lateral compaction technique. ( e –
 k ) Full gold crown preparation including laboratory wax 
up and casting. ( l ) Final full gold crown restoration 
cemented in place. Note: guide planes and rest seats were 
incorporated for lower partial denture       
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   Following completion of root canal retreat-
ment of tooth 17, clinical and laboratory work for 
construction of a cast restoration was conducted. 
The gold crown on tooth 16 had decemented. The 
crown was removed, amalgam core dismantled, 
caries removed and core replaced. The crown 
preparations on teeth 16 and 17 were refi ned and 
a master impression taken using light- and heavy- 
bodied silicone. A face bow record along with a 
lower alginate impression (denture in situ) was 
taken in order to mount the upper cast. 

 The silicone and alginate impressions were 
poured using vacuum-mixed Fuji-Rock®. The 
casts were trimmed and mounted in RCP using 

the face bow record on a Denar® semi-adjustable 
articulator. 

 The restorations were waxed up on the sec-
tional cast and marginated on the dies under 
magnifi cation. These were then sprued, invested 
and cast with type III gold (70 %) (Figs.  17.23 , 
 17.24  and  17.25 ). The fi tting surfaces were 
examined under magnifi cation to check for cast-
ing errors and the crowns polished and the 
occlusion checked. The fi nished full gold 
crowns were tried in the mouth and the fi t, mar-
gins and occlusion were checked. Zinc phos-
phate cement was then used to cement the 
castings in place (Fig.  17.22 ).

a b c

d e f

  Fig. 17.22    Clinical radiographs and photographs dem-
onstrating nonsurgical root canal re-treatment of tooth 17 
and full gold crown restoration. Note: ( a ) preoperative 
view demonstrating defective cast restoration with over-
hang distally and mesial discrepancy. Note gutta-percha 
root fi lling and silver points in MB and DB canals. ( b ) 
Crown restoration sectioned. ( c ) Following dismantling of 

core underlying gutta-percha ( red arrow ) and silver points 
identifi ed ( green arrows ). ( d ) Successful retrieval of silver 
points. ( e ) Master apical fi les in place and working lengths 
confi rmed radiographically and by electronic apex loca-
tor. ( f ) Obturation completed and core and fi nal cast cus-
pal coverage full gold crown restoration cemented in 
place       
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  Fig. 17.23    Clinical photographs showing completed anatomic wax up of tooth 17 and laboratory stages for full gold 
crown construction       

  Fig. 17.24    Clinical photographs demonstrating laboratory stages for full gold crown construction for tooth 17       
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       Clinical Hints and Tips for Restoring 

Endodontically Treated Teeth 

•     Restorability assessment should begin 
prior to initiating root canal therapy. 
Existing coronal restorations should be dis-
mantled to allow the clinician to visualise 
remaining sound tooth structure and plan 
for the defi nitive restoration.  

•   During endodontic procedures and/or post 
space preparation, the loss of tooth struc-
ture should be minimised.  

•   Intact anterior teeth (incisors and canines) 
with conservative endodontic access and 
intact marginal ridges do not require coro-
nal coverage restorations or posts. 
Composite resin restorations should be 
suitable to maintain coronal seal.  

•   Posterior endodontically treated teeth 
should be restored with cuspal coverage 
restorations. MOD onlay restorations, ¾ 

crowns, 7/8th crowns and full crown resto-
rations can be placed depending on remain-
ing tooth structure. Inlay restorations 
should be avoided.  

•   When preparing teeth for cuspal coverage 
restorations, ensure that parallel ferrule 
walls are present with a minimal 2 mm 
length in the apico-coronal direction. In 
addition, the thickness of remaining dentine 
should be no less than 1 mm on both the 
buccal/lingual and interproximal aspect.  

•   Posts are only indicated to retain the core 
build-up. They do not strengthen the tooth 
or root.  

•   Morphological structure and function must 
be considered when planning post place-
ment to avoid iatrogenic perforation.  

•   Increased post length results in increased 
retention and resistance to fracture. Length 
of posts must be balanced against the risk 

a
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  Fig. 17.25    Clinical radiograph and photographs showing 
full gold crown construction for tooth 16. Note: ( a ) 
Preoperative view of tooth 16. The pulpal status of this 
tooth was deemed to be vital. ( b ,  c ) Tooth 16 crown 

debonded. ( d – g ) Previous core removal, refi nement of 
crown preparation, and replacement core. ( h ) Anatomic 
wax up of new crown. ( i ) Full gold crown construction 
completed, ready for defi nitive cementation       
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of root thinning or perforation and minimal 
apical gutta-percha of 5 mm to maintain 
the apical seal. Minimum post length that 
extends into the root below the crown mar-
gin should be a length at least equal to the 
height of the crown.  

•   Dentine conservation is paramount when 
selecting a particular post, and a post diam-
eter should be selected that requires mini-
mal canal preparation. Increasing the 
diameter of the post does not increase the 
retention. Parallel post designs offer 
increased retention over tapered designs.  

•   The type of cement used appears to be of 
minimal importance in relation to retention 
and resistance of the post.  

•   Parallel passive, serrated, self-vented, pre-
fabricated posts are recommended for 
small circular canals. Where concerns exist 
regarding thin roots, a tapered post design 
may be preferred.  

•   Custom-cast post and core restorations are 
recommended when coronal tooth struc-
ture loss is moderate to severe.         
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      Nonvital Bleaching                     

     Sarita     Atreya      and     Bobby     Patel    

    Summary  

  The walking bleach technique with a mixture of sodium perborate 
(Bocasan) and distilled water is a technique recognized for intra-coronal 
bleaching. A well-condensed root fi lling must be present with the absence 
of any signs or symptoms that would indicate the presence of apical peri-
odontitis. To prevent the potential for resorption, a cement barrier must be 
in place to prevent the passage of oxidizing agent into the dentinal tubules 
in the cervical aspect of the tooth.  

    Clinical Relevance    

 With correct case selection, it can be a reliable 
treatment modality in an effort to improve the 
appearance of a discoloured tooth with rela-
tively low risk. The benefi ts must be weighed 
against the risk of external cervical root 
resorption often associated with a history of 
trauma. Furthermore suffi cient cervical seal-
ing and avoiding the use of the thermocata-
lytic method (hydrogen peroxide 30 % with 
heat) minimize this risk of resorption.  

18.1     Overview of Nonvital 
Bleaching 

 It is of paramount importance that dental practi-
tioners understand the aetiology of tooth discol-
ouration in order to arrive at a correct diagnosis 
leading to selection of an appropriate treatment 
modality for any particular tooth discolouration. 
Tooth discolouration can be classifi ed as extrin-
sic, intrinsic or a combination of both (see 
Table  18.1 ).

   The discoloured anterior nonvital tooth has 
likely been weakened from a combination of pre-
vious trauma, endodontic therapy, dental caries 
and restorative treatment. Destructive alternative 
prosthodontic treatment options such as veneers 
or crowns are odds to further weaken the tooth 
lending it towards possible failure and extraction 
in the future. 

 Nonvital tooth bleaching is both useful and 
less detrimental in the treatment of traumatized 
discoloured anterior teeth. Different protocols 
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have been advocated for bleaching these teeth 
including the conventional walking bleach tech-
nique [ 1 – 3 ], the chairside power bleaching tech-
nique [ 3 ] and a modifi ed home bleaching 
technique [ 4 ]. 

 The bleaching agents commonly used for 
whitening root-fi lled teeth include hydrogen per-
oxide (concentrations ranging from 5 to 35 %) 
[ 5 ], carbamide peroxide (10 %) [ 6 ] and sodium 
perborate [ 1 ,  7 – 9 ]. 

 Sodium perborate is an oxidizing agent avail-
able as powder (Bocasan). The walking bleach 
technique utilizes a paste formed by mixing 
sodium perborate and distilled water. This tech-
nique can lead to successful whitening of nonvi-
tal root-fi lled teeth reducing the risks of side 
effects [ 5 ]. 

 Nonvital bleaching is proposed for endodonti-
cally treated teeth which have become discol-
oured as a result of pulpal necrosis [ 5 ], intrapulpal 
haemorrhage [ 10 ], pulp tissue remnants after 
endodontic treatment [ 11 ] and incomplete 
removal of fi lling materials and sealer remnants 
in the coronal access cavity [ 12 ]. 

 The occurrence of external cervical root 
resorption is a serious complication following 
nonvital bleaching techniques, and its incidence 
ranges from 1 to 13 % [ 13 – 18 ]. External cervical 
root resorption can occur more frequently in 
those cases where higher concentrations of 
bleach were used, past history of trauma and use 
of the thermocatalytic method of bleaching 
(application of heat) [ 16 – 18 ]. 

 The patient must be informed that although 
the option of nonvital bleaching is a relatively 
low-risk intervention, from a restorative point of 
view, it is prone to reversal and reoccurrence of 
discolouration in the long term [ 19 ]. 

 To summarize in the walking bleach tech-
nique, the root fi lling should be completed fi rst, 
and a cervical seal must be established. The 
bleaching agent is left in the tooth so that it can 
function as walking bleach until the next visit. 
The bleaching agent should be changed every 
3–7 days for up to 3–4 visits [ 20 ].  

18.2     Walking Bleach Technique 

     1.    First the surface of the tooth is cleaned with 
pumice and the pretreatment tooth shade is 
recorded. The patient should be informed that 
the results of bleaching are not predictable and 
not guaranteed in all cases. Furthermore the 
patient is instructed as to the number of appoint-
ments and possible complications including 
cervical root resorption. Preoperative clinical 
photographs are helpful when demonstrating 
the change following bleaching to the patient.   

   2.    Before commencing bleaching, a preoperative 
radiograph should be taken to assess the exist-
ing quality of the root canal fi lling and status 
of the peri-apical tissues. Under no circum-
stances should bleaching be undertaken if 
there are any concerns with regard to this. 
Root canal retreatment should be carried out 
when in doubt and the fi lling material allowed 
to set at least a week prior to commencing 
intra-coronal bleaching (Figs.  18.1  and  18.2 ).

        3.    Rubber dam should be used to isolate the tooth 
in question. The access cavity is prepared, and 
all coronal remnants of restorative material, 

   Table 18.1    Causes of tooth discolouration   

 A. Extrinsic 
   (i)  Chromogenic diet (wine, coffee, tea) 
   (ii) Tobacco 
   (iii) Mouthrinses 
   (iv) Plaque 
 B. Intrinsic 
   (i) Systemic causes 

     Tetracycline staining 
      Metabolic disorders (fl uorosis, dystrophic 

calcifi cation) 
      Genetic (congenital erythropoietic porphyria, 

amelogenesis imperfecta, dentinogenesis 
imperfecta) 

   (ii) Local causes 

     Pulp necrosis 
     Intrapulpal haemorrhage 
     Pulp tissue remnants after endodontic treatment 
     Endodontic materials 
     Coronal fi lling materials 
     Root resorption 
     Ageing 
     Trauma (calcifi c metamorphosis) 
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root fi lling materials and necrotic pulp tissue 
should be completely removed. In the anterior 
teeth, it is important to incorporate the mesial 

and distal pulp horns in the access cavity 
design and ensure that these areas are ultra-
sonically prepared to remove any remnants.   

a b

  Fig. 18.1    Diagrammatic representation showing radio-
graphic contraindications and indications prior to carrying 
out the non-vital walking bleach technique. Note: ( a ) 
obvious preexisting periradicular disease and ( b ) no pre-

existing lucency. If there are any clinical and/or radio-
graphic signs and symptoms correlated with apical 
periodontitis, then endodontic re-treatment should be car-
ried out in the fi rst instance       

a b

  Fig. 18.2    Diagrammatic representation showing 
 radiographic indications and contraindications prior to 
carrying out non-vital walking bleach technique. Note 
( a ) Non-homogenous root fi lling, poor condensation and 
voids visible. The root fi lling terminates >2 mm from 
the radiographic apex and is deemed  ‘unacceptable’ 

even though no peri-radicular pathology is present. 
Re-treatment is indicated prior to non vital bleaching 
procedures. ( b ) Although a well condensed root fi lling is 
present and deemed acceptable peri-radicular pathology 
is present. Re-treatment should be carried out prior to 
bleaching procedures       
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   4.    The root fi lling should be reduced 1–2 mm 
below the cement-enamel junction (CEJ). 
This can be determined by using a periodontal 
probe placed in the pulp cavity and comparing 
to external probing depths to the CEJ. The 
root fi lling should be sealed with a base (IRM 
or glass ionomer cement) of at least 2 mm to 
prevent diffusion of bleaching agents from the 
pulp chamber to the apical foramen. This seal-
ing material should also reach the level of the 
CEJ to prevent leakage of bleaching products 
into the surrounding periodontium resulting in 
increased risk of external cervical root resorp-
tion. A radiograph can be taken to confi rm 
that this step is correct (Figs.  18.3  and  18.4 ).

       5.    The pulp chamber is etched with 37 % phos-
phoric acid for 30–60 s, washed and dried. 
This allows opening of dentinal tubules for 
penetration of bleaching agent (Fig.  18.4 ).

       6.    Sodium perborate (Bocasan) is mixed with 
distilled water in a ratio of 2:1. The bleaching 

agent can be applied with a suitable carrier or 
plugger (Fig.  18.7 ).

       7.    A small piece of dry cotton wool is placed 
over the bleach and the cavity sealed with 
either IRM or glass ionomer cement. The 
patient is reviewed on a weekly basis and the 
process repeated until the tooth is slightly 
overbleached. Usually successful bleaching 
will become apparent by 2–4 visits.   

   8.    Once bleaching has been completed, the 
access cavity should be restored with a resin 
composite which is bonded using an acid etch 
technique. Optimal time for bonding is usu-
ally 3 weeks following completion of bleach-
ing. An interim dressing of calcium hydroxide 
is recommended during this time period to 
prevent any bacterial penetration and mini-
mize further the risk of cervical root resorp-
tion (Fig.  18.5 ). A fi nal postoperative clinical 
photograph should be taken to record colour 
changes achieved.      

a b

  Fig. 18.3    Diagrammatic representation of non-vital 
bleaching procedure showing ( a ) preoperative view of 
tooth undergoing non-vital bleaching procedure. There 
are no signs of any peri-radicular or apical radiolucency 

and the existing root fi lling is well obturated. ( b ) The root 
fi lling material is cut back to below the level of the 
cement-enamel junction (CEJ) ( red arrow )       
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a b

  Fig. 18.4    Diagrammatic representation of the non-vital 
bleach technique showing ( a ) preexisting root fi lling cut 
1–2 mm below the level of the CEJ ( orange ) with 
overlying base material ( yellow ). ( b ) Placement of etch 

into coronal pulp chamber ( purple ) (37 % phosphoric 
acid) to allow penetration of bleach in to the dentinal 
tubules       

a b

  Fig. 18.5    Diagrammatic representation of the non-vital 
bleach technique showing ( a ) placement of bleach into 
coronal pulp chamber and overlying temporary restoration. 
The patient can be reviewed every 3–4 days for 
replacement of bleach up to 3–4 visits (depending on 
changes in discoloration). Usually you should aim to 

over-bleach due to risk of relapse. ( b ) Placement of 
calcium hydroxide dressing in the coronal pulp chamber 
when bleaching procedure has been completed. A fi nal 
defi nitive tooth colored restoration can then be placed 
sealing the coronal pulp chamber permanently       
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18.3     Bleaching Complications 

 External cervical root resorption has been widely 
documented as a risk of intra-coronal bleaching. 
Several hypotheses have been put forward as to 
the mechanism by which this can occur including 
cemental defects at the cement-enamel junction, 
denaturing of dentine provoking an immunologi-
cal response and the acid environment caused by 
the bleaching agent resulting in enhanced osteo-
clastic activity. As a preventive measure against 
the development of external root resorption, clin-
ical guidelines have been put in place as dis-
cussed previously. The key is to coronally seal 
the root canal with a protective material to pre-
vent cervical leakage of the bleaching agent. The 
use of sodium perborate mixed with water is a 
safer alternative to higher- strength bleaching 
agents and adjunctive use of thermocatalytic 
methods sometimes employed.  

18.4     Clinical Cases 

  Case 1     Nonvital bleaching of tooth 21 having 
undergone root canal treatment several years pre-
viously (pink-brown discolouration) 

 A 32-year-old gentleman was seen for consul-
tation regarding nonvital walking bleaching for his 
front tooth. He was concerned about his discoloured 
tooth which had been root treated several years 
ago. His motivation for seeking treatment now 
was due to his imminent wedding. The patient’s 
chief complaint at time of examination was of 
the pink-brown discolouration affecting tooth 21. 
Clinical examination revealed no abnormalities. 
Tooth 21 was non-tender to percussion and palpa-
tion. Probing profi le was within normal limits. An 
intact palatal access restoration was noted. Tooth 
21 had obvious pink-brown discolouration associ-
ated with the clinical crown. Radiographic exami-
nation revealed a homogenous well condensed 
root fi lling 0-2 mm from the radiographic apex. 
No voids were visible. The root fi lling extended 
into the coronal pulp chamber. An intact periodon-
tal ligament space was visible at the peri-apex. 
The patient was advised of the treatment options 
and informed of alternative treatments including 

cast restorations (veneer or ceramic crown). The 
patient was advised that nonvital bleaching could 
sometimes reverse requiring further bleaching in 
the future. Risks were discussed including the pos-
sibility of external cervical root resorption with the 
patient. No previous history of trauma was noted.

      The patient was seen for three treatment 
appointments using sodium perborate and dis-
tilled water. A satisfactory result was achieved 
and the patient referred back to his general dental 
practitioner to complete the coronal restoration 
after a 2-week interim period of calcium hydrox-
ide dressing in the coronal pulp chamber 
(Figs.   18.6  ,   18.7  ,   18.8  , and   18.9  ).  

  Case 2     Nonvital bleaching of tooth 11 following 
endodontic treatment (grey-brown discolouration) 

 A fi t and healthy 21-year-old Australian 
defence force member was referred for endodon-
tic management of tooth 11. The patient had been 
out in the fi eld for some training during which 
time he sustained trauma to his front tooth. The 
patient recalled hitting his tooth with a rifl e butt 
resulting in some localized pain and discomfort, 
which settled over a few days. At the time of con-
sultation, the patient reported the tooth was 
asymptomatic but had noticed the tooth had dis-
coloured. Clinical examination revealed tooth 11 
had obvious grey-brown discolouration (see 
Fig.  18.12 ). Percussion tenderness was noted and 
tooth 11 responded negatively to both electric 
pulp testing and thermal stimulus (CO2 snow).

   Access preparation confi rmed a necrotic pulp 
chamber. Working length was established and 
chemomechanical preparation was completed 
using stainless-steel hand fi les and 1 % sodium 
hypochlorite solution. An intra-canal medica-
ment of calcium hydroxide was placed for a 
4-week period. At the obturation appointment, 
tooth 11 remained asymptomatic. Obturation 
was completed using a warm vertical compaction 
technique using gutta-percha, AH Plus cement, 
system B and Obtura. The root fi lling was cut 
back 2 mm below the cement-enamel junction 
(CEJ), and the level was confi rmed by mea-
surement of depth by a periodontal probe (see 
Figs.  18.10 ,  18.11 , and  18.12 ).
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     An IRM restoration was placed above this at 
the CEJ. The coronal pulp chamber was etched 
with 37 % phosphoric acid and then washed with 
saline after 1 min. Sodium perborate bleach was 
mixed with sterile saline (2:1 ratio) and then 

packed into the coronal pulp chamber. A tempo-
rary glass ionomer restoration was placed over 
the bleach. The patient was reviewed at 3 days, 7 
days and 14 days (see Fig.  18.10 ). The bleach 
was replaced at days 3 and 7. At the fi nal 

a b c

  Fig. 18.6    Clinical radiographs showing ( a ) preoperative view, ( b ) gutta-percha root fi lling cutback below CEJ, and ( c ) 
IRM base material overlying gutta-percha and sealing to level of CEJ       

a b c

d e

  Fig. 18.7    Clinical photographs showing ( a ,  b ) sodium perborate (Bocasan), ( c ) addition of distilled water (ratio 2:1), 
( d ) mixture at desired consistency, and ( e ) use of carrier system to deliver bleach to the intra-coronal aspect of the tooth       
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a b

c d

e

g h

f

  Fig. 18.8    Clinical photographs showing steps for non- 
vital walking bleach technique. ( a ) Preoperative view, ( b ) 
access cavity preparation and composite removal, ( c ) 
gutta-percha exposed, ( d ) gutta-percha cut back below 

CEJ, ( e ) placement of base layer over gutta-percha and to 
the level of CEJ, ( f ) acid etch placed in coronal access 
cavity, ( g ) placement of bleach, and ( h ) interim temporary 
restoration       
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 appointment after a satisfactory result was 
achieved, the coronal pulp chamber was washed 
with saline prior to temporary double seal IRM/
glass ionomer temporary restoration placement. 
The patient was discharged back to his general 
dental practitioner for placement of a permanent 
tooth-coloured coronal restoration.  

  Case 3     Nonvital bleaching of tooth 22 follow-
ing endodontic treatment (yellow-brown 
dis colouration) 

 A fi t and healthy 34-year-old female patient 
was referred for endodontic management of tooth 
22. The patient had previously undergone fi xed 
orthodontic appliance therapy in her early teens, 

but the teeth had relapsed due to retainers not 
been worn. The patient had been undergoing fur-
ther orthodontic appliance therapy (Invisalign) 
with her orthodontist during which time she had 
noticed some pain and sensitivity with the tooth. 
Clinical examination at the time of consultation 
revealed tooth 22 was asymptomatic with no ten-
derness to percussion. Palpation tenderness was 
noticed overlying the peri-apex of tooth 22. Tooth 
22 responded negatively to both electric pulp 
testing and thermal stimulus (CO2 snow). 
Radiographic examination revealed tooth 22 had 
obvious root canal narrowing in the apical third 
(see Fig.  18.13 ). A decision was made to carry 
out non-surgical root canal treatment with nonvi-
tal bleaching following completion of treatment. 

a b

c

  Fig. 18.9    Clinical photograph showing ( a ) preoperative view, ( b ) 7 days following placement of intra-coronal 
bleaching, and ( c ) 14 days postoperatively       
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The patient was warned of the inherent risks with 
nonvital bleaching including cervical root resorp-
tion, the possibility of no colour changes or 
reversal of bleaching effects over time. 

 Access preparation was carried out confi rm-
ing a necrotic root canal system. Chemomechanical 
preparation was completed using 1 % sodium 
hypochlorite solution and rotary fi les (Pro Taper 
NEXT). An intra-canal medicament of calcium 
hydroxide was placed for a 4-week period prior 
to completion of treatment. Obturation of the 

canal system was completed using gutta-percha 
and AH Plus cement using a warm vertical com-
paction technique. The root fi lling was cut back 
to 2 mm below the cement-enamel junction. A 
sub-seal IRM restoration was placed over the 
gutta-percha root fi lling at the level of the cement- 
enamel junction (see Fig.  18.15 ).

   37 % phosphoric acid was placed in the coro-
nal pulp chamber and rinsed out after 1 min. 
Intra-coronal bleach (sodium perborate) was 
placed after mixing to the desired consistency 

a b c

d e f

  Fig. 18.10    Clinical radiographs showing nonsurgical root 
canal treatment of tooth 11. Note ( a ) preoperative view of 
tooth 11. ( b ) Initial apical fi le placement and confi rma-
tion of working length. ( c ) Master apical fi le radiograph 
following completion of chemo-mechanical debridement 
using stainless steel hand fi les using a 1mm step-back 

technique. ( d ) and ( e ) Placement of intra-canal calcium 
hydroxide medicament and double seal temporary res-
toration. The dressing was left in situ for 4 weeks prior 
to obturation. ( f ) 1 month later down-pack radiograph 
demonstrating warm vertical compaction technique using 
gutta-percha and AH plus cement       
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(2:1 ratio with sterile saline). A temporary glass 
ionomer restoration was placed as an interim 
between bleach replacement appointments. 

 The patient was reviewed at 3 days, 7 days and 
14 days. At the 3-day and 7-day appointment, the 
intra-coronal sodium perborate bleach was 
replaced and re-temporized using glass ionomer 
cement. At the 3-day appointment review, signifi -
cant colour changes had occurred with some yel-
low discolouration still present at the cervical 
margin. Further whitening was evident at the 7- 
and 14-day review appointment (see Fig.  18.14 ).

   At the fi nal review appointment, the coronal 
pulp chamber was irrigated with sterile saline 
solution to remove any remnants of bleaching 
product. A temporary IRM/glass ionomer resto-
ration was replaced (see Fig.  18.15 ). The patient 
was advised to see her general dental practitioner 
for permanent coronal restoration placement. 
The patient was very happy with the outcome fol-
lowing nonvital bleaching but understood that if 
any further colour changes were to occur, then 
she would probably have to consider an aesthetic 
cast restoration.  

a b

c d e

  Fig. 18.11    Clinical photographs and radiographs show-
ing ( a ,  b ) confi rming level of gutta-percha below the CEJ 
using a periodontal probe. ( c ) Completed gutta- percha 
root fi lling cut back 2 mm below the cement-enamel junc-
tion. ( d ) IRM restoration placement at the CEJ, coronal 

bleach placement, and temporary restoration in place. ( e ) 
Completed temporary IRM/glass ionomer restoration fol-
lowing 3 sessions of non-vital bleaching using sodium 
perborate       
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a b

c d

  Fig. 18.12    Clinical photographs showing ( a ) preoperative. ( b ) 3-day, ( c ) 7-day, and ( d ) 14-day images of tooth 11 
following non-vital bleach technique using sodium perborate       

  Fig. 18.13    Clinical radiographs showing nonsurgical 
root canal treatment of tooth 22. Note: ( a ) preoperative 
view of tooth 12 showing normal canal anatomy. ( b ) 
Preoperative view of tooth 22 demonstrating apical canal 
narrowing. ( c ) Initial apical fi le placement and confi rma-
tion of working length. ( d ) Master apical fi le radiograph 

following completion of chemo-mechanical debridement 
using rotary fi les. ( e ,  f ) Completed obturation using a 
warm vertical compaction technique using AH plus 
cement and gutta-percha using system B and Obtura. Note 
the gutta-percha has been cut back to 2 mm below the 
level of the cement-enamel junction         

a b c
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a b

c d

  Fig. 18.14    Clinical photographs demonstrating colour changes in tooth 22 following non-vital bleaching procedure 
using sodium perborate. Note: colour changes at ( a ) pre-operative ( b ) 3 days ( c ) 7 days and ( d ) 14 days       

Fig. 18.13 (continued)

d e f
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  Clinical Hints and Tips for Nonvital Bleaching 

•     Ensure you have informed the patient that 
bleaching is not permanent and not guaran-
teed before starting treatment.  

•   Always ensure that the endodontic treat-
ment is satisfactory prior to commencing 
nonvital bleaching.  

•   Gutta-percha is cut back below the level of 
the CEJ and all restorative materials are 
removed from the coronal pulp chamber.  

•   A seal of at least 2 mm is placed at the cer-
vical region as a barrier.  

•   Nonvital walking bleach technique requires 
only 2–4 visits. If at this stage the desired 
effect is not achieved, then stop and con-
sider alternative options.  

•   Taking clinical photographs pre-, peri- and 
postoperatively is useful to demonstrate 
changes to the patient.  

•   Use sodium perborate with distilled water 
as a safer alternative to other bleaching 
agents and chairside power bleaching 
techniques.         
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 torsional loading and cyclic fatigue , 6  

 tooth morphology assessment , 2, 3  
 ultrasonic tips , 5  

 access refi nement , 12–14  
 calcifi cation and canal orifi ces , 11  
 dentine and core material, bulk removal of , 12  
 troughing , 12, 14–16  

 ultrasonic unit , 2  

   Amalgam , 12, 33–34, 63, 424–428  
   Anaesthesia , 118, 140, 171, 303, 333  
   Apexifi cation , 135  

 with calcium hydroxide , 209–210  
 clinical steps , 208  
 infl ammatory stimulant , 208  
 permanent root fi lling , 208  
 saline-based products , 208  

 clinical hints and tips , 222  
 defi nition , 206  
 intra-canal medicament , 206  
 mineral trioxide , 206  
 one-step apexifi cation, MTA , 209–212  
 one-step apexifi cation procedure, tooth 11 , 

216, 218  
 single-visit apexifi cation procedure, tooth 21 , 

216, 218, 220–221  
 tooth 21 , 213–217  
 treatment option , 206  

   Apexogenesis , 135  
 coronal pulp, removal of , 212  
 Cvek pulpotomy , 212  
 treatment option , 206  

   Avulsion injuries , 378–379  
 anaesthesia , 380–381  
 antibiotics , 381–382  
 clinical and radiographic fi ndings , 383  
 endodontic considerations , 382  
 general prognosis , 384  
 immediate management , 377–378  
 patient instructions , 382  
 recommended follow-up , 384  
 splinting of replanted teeth , 381, 382  
 tetanus status , 382  
 tooth, loss of , 383  
 treatment guidelines , 378–380  
 treatment objectives , 383–384  

    B 
  Balanced force technique , 44, 57–59  
   Bead brush technique , 431  
   Bleeding tissue tags , 299  
   Bony crypt management , 332  
   Bony lid technique , 30  

                        Index 
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    C 
  Calcifi ed canal systems 

 canal orifi ces , 17  
 multiple pulp stones , 17  
 pulp stones and calcifi cation , 16  
 secondary dentine deposition , 16  
 tertiary dentine deposition , 16  

   Calcium hydroxide sealer , 154  
   Calcium silicate sealer , 155  
   Canal Finder System , 266  
   Canal transportation , 63–65  
   Cancellier Extractor Kit , 266  
   Carr retractor , 304, 305  
   Cement-enamel junction (CEJ) , 6, 40, 207, 375, 452  
   Ceramic , 428–429  
   Chlorhexidine digluconate (CHX) , 105–106, 131  
   Chloroform , 161, 230, 242, 244  
   Chloroform wicking technique , 138  
   Crown, access preparation 

 armamentarium burs , 6, 8  
 cement-enamel junction and furcation , 6  
 ceramic-metal crown , 6, 10  
 iatrogenic perforation , 6  
 porcelain-metal crown , 6, 9  
 tungsten carbide burs , 6  

   Crown fractures 
 enamel fracture , 363, 365  
 enamel infraction 

 clinical and radiographic fi ndings , 362, 363  
 follow-up , 362, 364  
 prognosis , 362  
 treatment objectives , 362  

 enamel-dentine fracture 
 clinical and radiographic fi ndings , 363, 365  
 prognosis , 366  
 with pulp exposure , 364, 365, 367  
 recommended follow-up , 366  
 treatment objectives , 365, 366  
 without pulp exposure , 364, 366–367  

   Crown-down technique , 58, 274  

    D 
  Direct pulp capping , 18, 157, 196–198, 202–203, 366  
   Disassembly techniques 

 core removal , 234–235  
 crown removal 

 conservative methods , 229, 233, 234  
 destructive methods , 229, 233, 235  
 fi nancial implications , 232  
 semi-conservative methods , 229, 233  
 treatment completion , 232  

 post removal 
 Ruddle post removal device , 237–240  
 ultrasonics , 235–240  

    E 
  Enamel fracture , 354, 363, 365  
   Enamel infraction , 354  

 clinical and radiographic fi ndings , 362, 363  
 follow-up , 362, 364  
 prognosis , 362  
 treatment objectives , 362  

   Enamel-dentine fracture 
 clinical and radiographic fi ndings , 363, 365  
 prognosis , 366  
 with pulp exposure , 364, 365, 367  
 recommended follow-up , 366  
 treatment objectives , 365, 366  
 without pulp exposure , 364, 366–367  

   Endodontic irrigation , 341, 406  
 alcohol , 112  
 antimicrobial effectiveness , 102  
 biofi lm , 102  
 chelators EDTA and citric acid , 107  
 chemomechanical debridement , 101  
 chlorhexidine , 109–110  
 chlorhexidine digluconate (CHX) , 105, 106  
 clinical hints and tips , 126  
 Er:YAG , 107  
 ethylenediaminetetraacetic acid (EDTA) , 105  
 hydrogen peroxide , 106  
 hypochlorite accidents , 117–118  
 instrumentation , 102  
 iodine compounds , 110, 111  
 iodine potassium iodide , 110–111  
 irrigant interactions , 112  
 irrigation protocol , 118–120  
 machine-assisted agitation systems , 108  
 manual passive irrigation , 112–114  
 manual-dynamic irrigation , 113–115  
 Nd:YAG laser , 107  
 nickel-titanium rotary systems , 102  
 passive ultrasonic irrigation , 115–116  
 photo-activated disinfection (PAD) , 107  
 pressure alternation devices , 117  
 QMiX , 107  
 smear layer , 111–112  
 RinseEndo system , 108–109  
 smear layer , 111–112  
 sodium hypochlorite (NaOCl) , 109, 111  
 sonic activation , 108  
 sonic irrigation , 114, 116  
 ultrasonic energy , 109  
 in vitro studies , 102  

   Endodontic microsurgery 
 aetiology , 298  
 anaesthesia , 303, 333  
 bleeding tissue tags , 299  
 bony crypt management , 332  
 bony lid technique , 300  
 choice of treatment , 299  
 clinical assessment , 333  
 contraindications , 301–302  
 debridement , 301  
 delayed wound healing , 300  
 fl ap design 

 envelope fl ap , 305, 307  
 incisions , 303–304  
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 papillary preservation fl ap , 305, 307  
 refl ection , 299, 304  
 retractor placement , 304, 305  
 semilunar fl ap , 305–306, 308  
 submarginal/Ochsenbein-Luebke fl ap , 

305, 306  
 triangular/rectangular fl ap , 304–306  

 foreign body reaction , 322  
 haemostasis , 303  
 hard tissue management , 333  
 inadequate wound closure , 316  
 indications , 301–302  
 intraoperative anaesthesia and 

haemostasis , 299  
 magnifi cation , 333  
 management , 299  
 oral non-steroidal drug therapy , 299  
 osteotomy , 300  

 intact cortical plate , 307, 309  
 Lindemann H161 , 308, 310  
 periphery of root , 308, 309  
 tooth measurement , 306, 309  

 papillary preservation fl ap , 299  
 peri-radicular curettage , 310–311, 333  
 post-operative care , 332  
 preoperative medication , 333  
 radiological assessment , 333  
 referral , 333  
 repositioning of fl ap and suturing , 332  
 retrograde cavity preparation , 332  
 retrograde fi lling , 332  
 retrograde obturation 

 amalgam , 315, 316  
 composite resins , 316  
 Diaket , 316  
 ideal root-end fi lling material , 314–315  
 MTA , 315–316  
 zinc oxide-eugenol cements , 315  

 root end resection , 298, 311–313, 333  
 root-end preparation , 298, 313–315  
 soft tissue management , 333  
 surgical apicoectomy 

 with post crown restoration , 322–323  
 teeth 31 and 41 , 323–328  

 surgical complications 
 ecchymosis , 321  
 haemorrhage , 321  
 lacerations , 321  
 pain , 320–321  
 post-operative instructions , 320  
 sinus complications , 321  
 swelling , 321  
 transient paraesthesia/abnormal 

sensation , 321  
 suture 

 absorbable and non-absorbable suture materials , 
316, 317  

 needle holder , 317–319  
 soft tissue healing , 317, 319  
 suture needles , 316–317  

 toothed tissue forceps , 317–319  
 traditional  vs.  microsurgical approaches , 

302–303  
 vertical mattress suture , 317, 318  

 teeth 11 and 12 , 316, 319–320, 324–325  
 tissue blanching , 299  

   Endodontic pastes and cements , 229  
   Endodontic treatment 

 tooth 12 
 access cavity , 19  
 AH Plus cement , 20  
 canine exposure and alignment , 19  
 chemomechanical preparation , 19  
 deformation and fracture , 19  
 IRM and glass ionomer cement , 20  
 long-term calcium hydroxide dressings , 

137–138  
 periodontal ligament space , 19  
 root canal obturation , 20  

 tooth 15 , 38–39  
 tooth 16 , 18, 64–67  

 AH Plus cement , 20  
 chemomechanical preparation , 19  
 conventional non-surgical root canal 

therapy , 16  
 direct pulp capping , 18  
 indirect pulp capping procedure , 16  
 MB1 and DB canals , 17  
 obturation , 20  
 permanent coronal restoration , 20  
 ultrasonic preparation , 17  

 tooth 22 , 139–141  
 tooth 27 , 65–66, 68  

   EndoREZ , 154, 157  
   Endosolv R , 230, 244  
   EndoVac , 108, 117  
   Epiphany , 154  
   Ethylenediaminetetraacetic acid (EDTA) , 105  
   Eucalyptol , 230  
   External root resorption 

 ankylosis and replacement resorption , 
390, 399–400  

 cervical   ( see  Invasive cervical root resorption) 
 external surface resorption , 390  
 infl ammatory   ( see  Infl ammatory root resorption) 
 transient apical breakdown , 389  

   Extrusive luxation , 357  
 clinical and radiographic fi ndings , 372, 375  
 general prognosis , 373  
 treatment objectives , 373, 375  

    F 
  Failed non-surgical root canal treatment 

 clinical examination , 347, 349  
 C-shaped root form , 348  
 diagnosis , 347  
 MTA , 348, 350  
 risks and benefi ts , 347  
 Tempbond and occlusion , 348, 350  
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   Flap design 
 envelope fl ap , 305, 307  
 incisions , 303–304  
 papillary preservation fl ap , 305, 307  
 refl ection , 299, 304  
 retractor placement , 304, 305  
 semilunar fl ap , 305–306, 308  
 submarginal/Ochsenbein-Luebke fl ap , 305, 306  
 triangular/rectangular fl ap , 304–306  

   Fracture instrument 
 factors identifi cation , 262  
 fi le fracture , 259  
 irrigant and lubricant use , 264  
 mechanisms , 261  
 NiTi alloy , 261  
 outcome and prognosis , 264–265  
 PathFile system , 262–263  
 RECIPROC , 264  
 retrieval methods 

 Canal Finder System , 266  
 Cancellier Extractor Kit , 266  
 IRS , 266  
 manual retrieval techniques , 266  
 Masserann Kit , 266  
 ultrasonics , 267  

 specialist endodontic practice , 260  
 taper lock , 263  
 torque-controlled motors , 263  
 Twisted File , 261  
 Typhoon CM File , 261–262  
 WaveOne , 264  

   Furcal perforation repair , 285–287  

    G 
  Glass ionomer cement (GIC) , 425  
   Gold , 428  
   Gutta-percha , 149, 155, 161–163, 230, 244, 251–252, 

254, 397, 398, 410  
 chemical solvents , 242–244  
 mechanical methods 

 nickel-titanium rotary instruments , 240–241  
 stainless steel hand instruments , 239–241  
 ultrasonics instruments , 242  

 thermal methods , 242  

    H 
  Haemostasis , 194, 299, 303  
   Hedström braiding technique , 240, 255  

    I 
  Iatrogenic perforations 

 causes of 
 access preparation , 282, 283  
 canal identifi cation , 283  
 canal preparation , 283, 284  
 post space preparation , 283  

 classifi cation , 281  
 diagnosis , 281–282  
 guided tissue regeneration , 280–281  
 indications , 280  
 internal matrix technique , 280  
 levels , 280  
 management , 280  
 perforation repairs , 281  

 furcal perforation repair , 285–287  
 labial perforation repair , 290–291  
 lingual-cervical perforation repair , 291–294  
 mesial cervical perforation repair , 288–290  
 non-surgical perforation repair , 284–286  
 surgical perforation repair , 285  

 prognostic factors , 280  
 study evaluation , 279  
 time of occurrence , 280  

   Indirect pulp capping , 196, 197, 202  
   Infl ammatory root resorption 

 clastic cells, activation of , 398  
 clinical examination , 399  
 iatrogenic orthodontic/pathophysiological 

stimulus , 391  
 initiating stimulus , 398  
 Ledermix , 399  
 radiographic examination , 399  
 tooth 36 , 403–405  
 tooth 46 

 access cavity , 408  
 AH Plus cement and gutta-percha technique , 410  
 chemomechanical preparation , 409, 411  
 clinical examination , 408  
 patient report , 408  
 postoperative radiograph , 411, 412  
 radiographic assessment , 408  
 radiolucent lesion , 408, 410  
 ‘squirt’ technique , 410  
 ultrasonic troughing , 409, 411  

   Instrument Removal System (IRS) , 266  
   Intentional replantation 

 contraindications , 338  
 indications , 338  
 outcome , 340, 341  
 tooth 46 

 additional untreated canal , 341–343  
 complex C-shaped anatomy , 341, 343–345  

 treatment procedure , 338–340  
   Internal matrix technique , 280  
   Internal root resorption , 390, 391  

 infl ammatory 
 extrusion, risk of , 393  
 parallax radiographic technique , 393, 397  
 pink discolouration , 393  
 thermoplastic gutta-percha techniques , 397, 398  

 surface resorption , 397  
   Intra-canal medicaments , 133–134  

 antibacterial intra-canal medicament , 131  
 bioactive glass (BAG) , 131  
 calcium hydroxide , 131–135  
 chlorhexidine digluconate (CHX) , 131  
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 corticosteroids , 135–137  
 iodine , 132  
 Ledermix™ paste , 131  
 mechanical instrumentation and irrigation , 130  
 phenolic and non-phenolic biocide compounds , 131  
 placement methods , 131, 132  
 Septomixine Forte™ , 131  
 single-visit treatments , 130  

   Invasive cervical root resorption 
 class I lesion , 401  
 class 2 lesions , 401–402  
 class 3 lesions , 402  
 class 4 lesions , 402  
 destructive and aggressive condition , 391  
 invasive and aggressive , 400–401  
 parallax technique , 393  
 predisposing factor , 393  
 predisposing factors , 401  
 prognosis , 401  
 resorptive process , 393  
 suitable fi lling material/biological systems , 393  
 surgical exposure , 402  
 surgical management , 402  
 tooth 24 

 endodontic access cavity , 405–406, 409  
 localized periodontal defect , 407–409  
 palatal aspect , 405, 407  
 palatal root canal , 405, 408  

 tooth 27 , 405–407  
 tooth 46 , 402  

   iRoot SP , 155  

    K 
  Ketac Endo , 154  

    L 
  Labial perforation repair , 290–291  
   Lateral luxation 

 clinical and radiographic fi ndings , 372, 374  
 general prognosis , 375  
 recommended follow-up , 375  
 treatment objectives , 374–376  

   Ledermix™ paste , 131  
   Lingual-cervical perforation repair , 291–294  
   Luxation injuries 

 avulsion/exarticulation , 358, 378  
 anaesthesia , 380–381  
 antibiotics , 380  
 clinical and radiographic fi ndings , 383  
 endodontic considerations , 382  
 follow-up procedures , 382  
 general prognosis , 384  
 immediate management , 378–377  
 loss of tooth , 383  
 patient instructions , 382  
 recommended follow-up , 384  
 splinting of replanted teeth , 382  
 tetanus status , 382  

 treatment guidelines , 378–379  
 treatment objectives , 383–384  

 concussion , 357, 372, 373  
 extrusive luxation , 357  

 clinical and radiographic fi ndings , 372, 375  
 general prognosis , 373  
 recommended follow-up , 374  
 treatment objectives , 373, 375  

 intrusionl 
 clinical and radiographic fi ndings , 372, 375  
 general prognosis , 376  
 recommended follow-up , 377  
 treatment objectives , 375–377  

 intrusive luxation , 357  
 lateral luxation 

 clinical and radiographic fi ndings , 372, 374  
 general prognosis , 375  
 recommended follow-up , 375  
 treatment objectives , 374–376  

 prognostic factors , 370, 372  
 subluxation , 357, 372–374  

    M 
  Manual retrieval techniques , 266  
   Masserann Kit , 231, 264, 266  
   Mesial cervical perforation repair , 288–290  
   Mineral trioxide aggregate (MTA) , 151, 315–316, 348  
   Minimally invasive endodontics (MIE) , 1–2  
   Minnesota retractor , 304, 305  

    N 
  Non-surgical perforation repair , 284–286  
   Non-surgical root canal retreatment 

 adhesive/amalgam Nayyar core restorations , 228  
 ceramic crown restoration , 248–250  
 clinical follow-up studies , 226, 227  
 coronal restoration , 229  
 endodontic treatment outcomes , 226, 227, 231  
 iatrogenic errors , 228  
 inadequate root canal fi llings , 226  
 indications , 225  
 longitudinal fracture , 228, 229  
 materials 

 endodontic pastes and cements , 230, 244  
 gutta-percha , 230  
 gutta-percha carrier devices , 230, 244  
 Resilon , 228  
 silver point fi llings , 230–231, 244–245  

 missed canal anatomy , 246, 247  
 peri-radicular radiolucency , 246, 248  
 primary cause of , 225–226  
 root canal sealers, removal of , 245  
 technical defi ciency , 246–249  
 tooth 36 , 253–255  
 with unusual apical anatomy 

 apical 1/3 gutta-percha fi ll , 251–252  
 cone beam CT report , 251  
 tooth 11 , 251, 252  
 tooth 21 , 250  
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   Non-surgical root canal treatment 
 antibacterial irrigation and disinfection techniques , 71  
 biological factors , 73  
 calcifi ed canal negotiation , 81  
 canal curvature assessment , 77–78  
 canal orifi ces , 79–81  
 clinical and radiographic follow-up , 72  
 confl uent canals , 84–85  
 conventional radiography , 77  
 coronal calcifi cation , 78–79  
 cultivation methods , 71  
 curvatures 

 apical curvature , 88  
 clinical methods , 88  
 coronal curvature , 88  
 mild canal curvatures , 88–90  
 moderate canal curvatures , 90–92  
 severe canal curvatures , 91–92  
 stainless steel instruments , 88  

 endodontic case assessment , 78  
 endodontic instrumentation , 73  
 extra-long roots , 95–96  
 hybrid techniques , 96–98  
 microbial pathogenicity and treatment 

strategies , 72  
 nickel-titanium instrument , 75  
 novel instrumentation techniques , 75  
 preoperative factors , 72  
 ProTaper NEXT instruments , 78, 85–86  
 pulp canal obliteration 

 bur penetration , 82  
 clinical and radiographic signs and 

symptoms , 82  
 defi nition , 82  
 DG-16 probe , 82  
 ethylenediaminetetraacetic acid (EDTA) , 83  
 iatrogenic perforation , 82  
 periodic radiographs , 84  
 preoperative radiograph , 82  
 tooth 11 , 83  

 pulp canal obliteration/calcifi c metamorphosis , 75  
 pulp space , 75  
 pulp stones , 74, 78–79  
 radiographic method , 76  
 Schneider measuring method , 76  
 S-shaped canals , 92–95  
 stainless steel instruments , 73  
 tooth 36 

 calcifi ed coronal pulp chamber and sclerosed 
canal , 21  

 chemomechanical preparation , 21  
 coronal pulp chamber , 21  
 coronal restoration , 21  
 IRM and glass ionomer cement , 22  
 MAF preparation , 21  
 obturation , 22  
 obturation and coronal temporary restoration , 21  
 peri-radicular radiolucencies , 21  
 radiographic examination , 20  
 ultrasonic preparation , 21  

 tooth 42 , 22–24  
 warm lateral compaction technique , 174–175, 178–179  
 warm vertical and warm lateral compaction 

techniques , 178, 180–182, 184–183  
 warm vertical compaction technique , 173–179, 

183–188  
 WaveOne reciprocating instruments , 86–88  

   Nonvital walking bleach technique 
 bleaching agents , 450, 452, 453  
 CEJ , 452  
 complications , 454  
 contraindications , 450, 451  
 dentinal tubules , 452, 453  
 external cervical root resorption , 450  
 indications , 450, 451  
 sodium perborate , 450  
 tooth 11 , 454–455, 458–461  
 tooth 21 , 454–457  
 tooth 22 , 457–459, 461–462  
 tooth discolouration , 449, 450  

    O 
  Obturation.    See  Root canal obturation 
   Osteotomy , 310, 323, 333  

 endodontic microsurgery , 300  
 intact cortical plate , 307–309  
 Lindemann H161 , 308, 310  
 periphery of root , 308, 309  
 tooth measurement , 306, 309  

 irrigation , 308  

    P 
  Partial pulpotomy , 355  
   Pins , 425, 427  
   Posts 

 bead brush technique , 431  
 cementation , 434–435  
 classifi cation , 429, 431, 432  
 custom post/cast post-core , 430–431  
 fabrication, indirect method , 431, 432  
 factors , 422–423  
 metallic posts , 421  
 non-metallic posts (fi bre) , 421, 422  
 post space preparation , 433–434  
 prefabricated posts , 421–422  
 retention , 422–424  
 zirconium and ceramic posts , 421, 422  

   Prefabricated posts , 421–422  
   Pulp chamber , 5–7  
   Pulpectomy , 199–200, 203  
   Pulpotomies , 203  

 clinical history and examination , 192  
 clinical signs , 192  
 clinical symptoms , 192  
 histopathological conditions , 192  
 mechanical allodynia , 192  
 radiographic fi ndings , 192  
 spontaneous pain , 192  
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   Pulpotomy 
 MTA pulpotomy 

 deciduous tooth , 201–202  
 permanent tooth , 200–201  

 procedural steps , 198–199  

    R 
  Radiographic apex , 45, 46  
   Rectifi ed turpentine , 230  
   Resilon , 230  
   Resorcinol-formalin root fi lling , 230  
   Restorative treatment 

 cast cuspal coverage restorations 
 adequate ferrule , 429, 430  
 amalgam , 427–428  
 ceramic , 428–429  
 gold , 428  

 core materials 
 amalgam , 424–426  
 composite , 425  
 GIC , 425  
 pins , 425, 427  

 coronal leakage and contemporary methods 
 clinical decision making process , 416  
 cumulative survival rate , 416  
 disadvantage , 420  
 fracture pattern , 416  
 limited coronal tooth structure and inadequate 

ferrule , 418, 419  
 MOD cavity , 416  
 multivariant model , 417–418  
 neurosensory feedback mechanisms , 416  
 post placement , 417  
 procedural accidents , 420–421  
 proportional hazard survival analysis , 417–418  
 retrospective clinical investigation , 416–417  
 strategic value and cost/benefi t analysis , 416–418  
 tooth coloured direct composite restorations , 420  
 treatment outcomes , 420  

 full gold crown restoration 
 tooth 17 , 441–445  
 tooth 47 , 439–442  

 posts 
 bead brush technique , 431  
 cementation , 434–435  
 classifi cation , 429, 431, 432  
 custom post/cast post-core , 430–431  
 fabrication, indirect method , 431, 432  
 factors , 422–423  
 metallic posts , 421  
 non-metallic posts (fi bre) , 421, 422  
 post space preparation , 433–434  
 prefabricated posts , 421–422  
 retention , 422–424  
 zirconium and ceramic posts , 421, 422  

 tooth 12 and 25 
 clinical examination , 436  
 direct Duralay technique , 436  
 direct sectional post and core construction , 438–440  

 Hedström braiding technique , 436  
 ParaPost system , 436  
 patient report , 436  
 post and core and temporary crown restorations , 

439, 441  
 radiographic examination , 436, 438  
 temporary post and TempBond cement , 436  

 tooth 15, with CEREC crown , 435, 437  
 tooth 17, with composite resin , 435, 436  

   Retrieval methods 
 Canal Finder System , 266  
 Cancellier Extractor Kit , 266  
 IRS , 266  
 manual retrieval techniques , 266  
 Masserann Kit , 266  
 ultrasonics , 267  

   Retrograde obturation 
 amalgam , 315, 316  
 composite resins , 316  
 Diaket , 316  
 ideal root-end fi lling material , 314–315  
 MTA , 315–316  
 zinc oxide-eugenol cements , 315  

   Revascularization and regeneration procedures , 
207, 213  

   Roekoseal , 154, 169  
   Root canal cleaning and shaping 

 antimicrobial inter-appointment intra-canal 
dressings , 50  

 apical constriction (AC) , 45  
 apical foramen (AF) , 45  
 apical patency , 47  
 blockage  vs.  calcifi cation , 63  
 canal curvatures , 47  
 canal transportation , 44, 63–64  
 Cardiff experimental design , 44  
 complications , 44  
 disinfection and obturation procedures , 43  
 electronic apex locator devices , 47  
 electronic WL determination 

 access cavity and pulp coronal pulp chamber , 54  
 cement-dentinal junction , 53  
 conventional plain fi lm/digital radiography , 

55, 56  
 electronic apex locator , 53  
 “O” reading , 54  
 premature readings , 55  
 preoperative diagnostic parallel radiograph , 54  
 pulpal and periodontal tissues (PDL) , 53–54  
 Root ZX , 53, 55  

 fi nal canal preparation size , 62  
 glide path technique 

 copious irrigation , 61  
 coronal pre-enlargement , 60  
 fl exural fatigue , 60  
 NiTi rotary preparation , 61  
 PathFile #1 , 60  
 PathFile #2 and PathFile #3 , 60  
 PathFile NiTi rotary instruments , 60  
 torsional failure , 58  
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 Root canal cleaning and shaping ( cont .) 
 hand instrument preparation techniques 

 balanced force technique , 57–58  
 crown-down technique , 58  
 step-back technique , 55–57  
 watch-winding technique , 56–57  

 high-resolution micro-CT , 44–45  
 irrigation type , 49–50  
 manufacturing processes and design features , 44  
 mechanical preparation techniques , 50  
 NiTi instrument systems , 44  
 over-preparation and over-instrumentation , 62–63  
 patency fi ling and WL, loss of , 61  
 PathFile NiTi rotary instruments , 48  
 ProTaper Universal fi nishing instruments , 47, 48  
 radiographic apex , 45, 46  
 radiographic WL determination 

 buccal and lingual canals , 52  
 imaging software programs , 51  
 parallel beam-aiming device , 52  
 radiation dose , 50  
 superimposition anatomical structures , 52  

 recapitulation , 61–62  
 Root ZX , 47  
 rotary NiTi preparation techniques , 49  
 stainless steel and nickel-titanium rotary 

instruments , 47  
 step-back and step-down tech-niques , 44  
 under-preparation and under-instrumentation , 62  
 working length (WL) , 45, 46  

   Root canal obturation 
 Caldwell-Luc approach , 152  
 chloroform customization , 161  
 cold lateral compaction , 157–158  

 accessory cone placement , 159  
 “Christmas tree” effect , 160  
 disadvantages , 157  
 master cone placement , 159  
 ZnOE sealer , 160  

 distal canal , 153  
 injection techniques , 169  
 material, methods and risks 

 apical extrusion , 148  
 calcium hydroxide , 151  
 chemical composition , 148, 149  
 chloroform/eucalyptus , 149  
 coated cones , 156–157  
 gutta-percha , 149, 155  
 mineral trioxide aggregate (MTA) , 151  
 mummifi cation , 148  
 paste fi lls , 157  
 polyisoprene , 149  
 properties , 148  
 pulp tissue fi xation , 148  
 resilon , 151, 155–156  
 resin-based obturation systems , 150  
 sealers , 149  
 silver cones , 148  
 silver points , 157, 158  
 SPAD and Endomethasone , 149  

 zinc oxide eugenol , 150  
 obturation mishaps , 175  

 axonotmesis , 171  
 conventional techniques , 169  
 coronal restoration , 170–172  
 infl ammation , 170  
 mechanoreception , 170  
 neural injuries and sinus complications , 172  
 neuropraxia , 171  
 neurotmesis , 171  
 nociception , 170–171  
 oral-maxillofacial surgeon , 171  
 over-fi lled and overextension , 152, 169, 

170, 173, 174  
 preoperative assessment , 188  
 resorptive defects , 188  
 suboptimal obturation, voids , 169, 170  
 ultra-thin sealer fi lm , 170  
 underfi lled case , 169, 170  
 working length determination , 188  

 sealers , 153–155  
 solid core carrier techniques , 165–168  
 thermomechanical compaction techniques , 169  
 three-dimensional obturation , 148  
 warm lateral compaction 

 acute curvature , 163  
 master gutta-percha cone placement , 161–163  
 multiple apical foramina , 161, 162  
 ultrasonic K-fi le #15 , 161–163  
 ultrasonics , 161  

 warm vertical compaction , 163, 167  
 advantages , 163  
 AH Plus cement , 163, 167  
 disadvantages , 163  
 nonsurgical root canal treatment, cast restoration , 

163, 166  
 System B (SybronEndo) device , 163  
 techniques , 164–165  

 zinc oxide eugenol , 152  
   Root fractures 

 clinical and radiographic fi ndings , 368  
 general prognosis , 369  
 recommended follow-up , 369–370  
 treatment objectives , 368, 369  

   Root resorption 
 external   ( see  External root resorption) 
 internal root resorption , 390, 391  

 infl ammatory , 394–398  
 surface resorption , 397  

 non-surgical/surgical treatment modalities , 394  
 physiological/pathological process , 390  
 pressure resorption , 397–398  

   Rotary nickel-titanium (NiTi) instruments , 259  
   Russian Red.    See  Resorcinol-formalin root fi lling 

    S 
  Sealapex , 154  
   Sealers , 149  

 calcium hydroxide , 154  
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 calcium silicate , 155  
 glass ionomer , 154–155  
 Grossman’s ideal sealer , 153  
 lateral canals and dentinal tubules , 153  
 resin , 154  
 silicone , 154  
 zinc oxide eugenol , 154  

   Separated endodontic instruments 
 apical 1/3, mesiobuccal root , 273–274  
 bypassing , 270, 271  
 clinical relevance , 259  
 in coronal 1/3 , 271, 272  
 fracture instrument   ( see  Fracture instrument) 
 fractured Lentulo spiral fi ller, removal of , 273  
 guidelines , 267–270  
 tooth 46 , 270, 272  

   Septomixine Forte™ , 131  
   Silver point fi llings , 157, 158, 230, 244–245  
   Sodium hypochlorite (NaOCl) , 103–104  
   Step-back technique , 55–56  
   Stepwise excavation technique , 195–196, 202  
   Straight-line access 

 axial wall refi nement , 10  
 Gates Glidden drills , 9  
 iatrogenic errors , 11  
 iatrogenic mishaps , 6  
 mandibular molar tooth , 9, 11  
 orifi ce location and canal penetration , 9  
 ProTaper shaping fi le S1 , 11  
 rotary nickel-titanium instruments , 6  
 S1 ProTaper fi le , 10, 11  
 torsional loading and cyclic fatigue , 6  

   Surgical perforation repair , 285  

    T 
  Temporization 

 amalgam , 33–34  
 bacterial contamination , 28  
 bis-acryl composites , 31  
 Brown and Brenn staining , 28  
 cavit , 32  
 coltosol , 32  
 composite resin restorations , 32–33  
 condensation and Roth’s sealer , 29  
 copper bands , 39  

 molar mandibular tooth , 36  
 polishing strip , 35  
 restoration , 35  
 sealing and isolation , 31  

 coronal leakage/coronal microleakage , 28  
 coronal restoration , 28  
 cuspal fracture , 30  
 dry cotton wool pledget , 30  
 glass ionomer cement , 32  
 interim restorations , 30, 31, 39, 40  
 internal bleaching , 31, 40  
 intra-orifi ce barriers , 31  

 materials , 30  
 orthodontic bands , 34–35, 40  
 periapical conditions , 28  
 pretreatment procedures , 39  
 resin-modifi ed glass ionomer cements , 33  
 salivary percolation effects , 28  
 stainless steel orthodontic bands , 30  
 suboptimal root canal fi lling , 28  
 temporary post and core restorations , 40  
 zinc oxide eugenol , 32  

   Traumatic injuries 
 alveolar process fractures , 370–371  
 dental hard tissue injury , 354  

 crown-root fractures , 355–356  
 enamel fractures , 355, 363, 365  
 enamel-dentine fracture , 355, 363–367  
 infraction , 354–355, 362–364  
 jaw fractures , 356  
 root fractures , 356, 368–370  

 initial management 
 extra-orally simple visual inspection , 360  
 intra-oral examination , 360–361  
 missing teeth and fragments , 361–362  
 radiographic assessment , 361  
 suturing/referral , 360–362  

 management of , 358  
 periodontal tissue injury   ( see  Luxation injuries) 
 pulp canal obliteration , 358  
 pulp sensibility testing , 359–360  
 root resorption , 359  
 splinting of teeth , 359  
 systemic antibiotics , 359  
 transient apical breakdown process , 358  
 treatment planning , 360  

   Trichloroacetic acid (TCA) , 402  

    U 
  Ultrasonics , 5, 267, 273, 325, 348  

 access refi nement , 12–14  
 bulk removal , 12  
 calcifi cation and canal orifi ces , 11  
 dentine and core material, bulk removal of , 12  
 post removal devices , 235–237  
 troughing , 12, 14–16  

    V 
  Variant Creutzfeldt-Jakob disease (vCJD) , 263  

    W 
  Watch-winding technique , 56–58  

    Z 
  Zirconium and ceramic posts , 421, 422         
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